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who will?

If you don’t recommend 
MenB vaccination to 
your patients,

81% van de ouders beschouwt hun arts als een primaire bron 
van informatie over vaccinatie voor hun kinderen. (n=800)2

VERKORTE SAMENVATTING VAN DE PRODUCTKENMERKEN: Gelieve de Samenvatting van de Productkenmerken te raadplegen voor de volledige informatie over het gebruik van dit geneesmiddel. NAAM VAN 
HET GENEESMIDDEL: Bexsero suspensie voor injectie in voorgevulde spuit. Meningokokken groep Bvaccin (rDNA, component, geadsorbeerd), EU/1/12/812/001-EU/1/12/812/002-EU/1/12/812/003-
EU/1/12/812/004. Farmacotherapeutische categorie: meningokokkenvaccins, ATCcode: J07AH09. KWALITATIEVE EN KWANTITATIEVE SAMENSTELLING: Een dosis (0,5 ml) bevat: Recombinant Neisseria menin-
gitidis groep B NHBAfusieeiwit1,2,3: 50 microgram • Recombinant Neisseria meningitidis groep B NadAeiwit1,2,3: 50 microgram • Recombinant Neisseria meningitidis groep B fHbpfusieeiwit1,2,3: 50 microgram • 
Buitenmembraanvesikels (BMV) van Neisseria meningitidis groep Bstam. NZ98/254, gemeten als hoeveelheid totaal eiwit dat PorA P1.4 bevat2: 25 microgram • 1 Geproduceerd in E. colicellen door recombinantD-
NAtechnologie - 2 Geadsorbeerd aan aluminiumhydroxide (0,5 mg Al³+) - 3 NHBA (Neisseria heparinebindend antigeen), NadA (Neisseriaadhesine A), fHbp (factor Hbindend eiwit). Voor de volledige l� st van hulpstof-
fen, zie rubriek 6.1 van de volledige SPK. FARMACEUTISCHE VORM: Suspensie voor injectie. Melkwitte vloeibare suspensie. KLINISCHE GEGEVENS: Therapeutische indicaties: Bexsero is geïndiceerd voor de 
actieve immunisatie van personen van 2 maanden en ouder tegen invasieve meningokokkenziekte veroorzaakt door Neisseria meningitidis groep B. B�  het vaccineren moet rekening worden gehouden met het effect 
van invasieve ziekte b�  verschillende leeft� dsgroepen, evenals met de variabiliteit van de epidemiologie van antigenen voor groep Bstammen in verschillende geografi sche gebieden. Zie rubriek 5.1 van de volledige 
SPK voor informatie over bescherming tegen specifi eke groep Bstammen. Dit vaccin dient te worden gebruikt in overeenstemming met offi ciële aanbevelingen. Dosering en w� ze van toediening: Dosering: Tabel 1. 
Samenvatting van de dosering: Leeft� d b�  eerste dosis: Zuigelingen van 2 tot en met 5 maandena: Primaire immunisatie: Drie doses, elk van 0,5 ml. Intervallen tussen primaire doses: Niet minder dan 1 maand. 
Booster: Ja, één dosis tussen 12 en 15 maanden oud met een interval van ten minste 6 maanden tussen de primaire serie en de boosterdosisb,c. - Primaire immunisatie: Twee doses, elk van 0,5 ml. Intervallen tussen 
primaire doses: Niet minder dan 2 maanden. Booster: Ja, één dosis tussen 12 en 15 maanden oud met een interval van ten minste 6 maanden tussen de primaire serie en de boosterdosisb,c. • Leeft� d b�  eerste dosis: 
Zuigelingen van 6 tot en met 11 maanden: Primaire immunisatie: Twee doses, elk van 0,5 ml. Intervallen tussen primaire doses: Niet minder dan 2 maanden. Booster: Ja, één dosis in het tweede levensjaar met een 
interval van minimaal 2 maanden tussen de primaire serie en de boosterdosisc. • Leeft� d b�  eerste dosis: Kinderen van 12 tot en met 23 maanden: Primaire immunisatie: Twee doses, elk van 0,5 ml. Intervallen 
tussen primaire doses: Niet minder dan 2 maanden. Booster: Ja, één dosis met een interval van 12 tot en met 23 maanden tussen de primaire serie en de boosterdosisc. • Leeft� d b�  eerste dosis: Kinderen van 2 tot 
en met 10 jaar: Primaire immunisatie: Twee doses, elk van 0,5 ml. Intervallen tussen primaire doses: Niet minder dan 1 maand. Booster: Een boosterdosis dient overwogen te worden b�  personen met een bl� vend 
risico op blootstelling aan meningokokkenziekte, op basis van offi ciële aanbevelingend. • Leeft� d b�  eerste dosis: Adolescenten (11 jaar of ouder) en volwassenen*: Primaire immunisatie: Twee doses, elk van 0,5 ml. 
Intervallen tussen primaire doses: Niet minder dan 1 maand. Booster: Een boosterdosis dient overwogen te worden b�  personen met een bl� vend risico op blootstelling aan meningokokkenziekte, op basis van 
offi ciële aanbevelingend. • a De eerste dosis moet niet worden gegeven op de leeft� d jonger dan 2 maanden. De veiligheid en werkzaamheid van Bexsero b�  zuigelingen jonger dan 8 weken z� n nog niet vastgesteld. 
Er z� n geen gegevens beschikbaar. - b In geval van uitstel mag de booster niet later dan op een leeft� d van 24 maanden worden gegeven. - c Zie rubriek 5.1 van de volledige SPK. De noodzaak voor en t� dsplanning 
van een boosterdosis na dit vaccinatieschema is niet vastgesteld. - d Zie rubriek 5.1 van de volledige SPK. - * Gegevens over volwassenen ouder dan 50 jaar ontbreken. W� ze van toediening: Het vaccin wordt toege-
diend via een diepe intramusculaire injectie, b�  voorkeur in het anterolaterale gedeelte van de d�  b�  zuigelingen, of in de streek van de deltaspier van de bovenarm b�  oudere personen. Als meer dan één vaccin tegel� k 
wordt toegediend, moeten afzonderl� ke injectieplaatsen worden gebruikt. Het vaccin mag niet intraveneus, subcutaan of intradermaal worden toegediend, en mag niet worden gemengd met andere vaccins in 
dezelfde spuit. Voor instructies over het hanteren van het vaccin voorafgaand aan toediening, zie rubriek 6.6 van de volledige SPK. Contraindicaties: Overgevoeligheid voor de werkzame stof(fen) of voor een van de 
in rubriek 6.1 van de volledige SPK vermelde hulpstof(fen). B� werkingen: Overzicht van het veiligheidsprofi el: De veiligheid van Bexsero is geëvalueerd in 17 onderzoeken, inclusief 10 gerandomiseerde gecontro-
leerde klinische studies met 10.565 proefpersonen (vanaf de leeft� d van 2 maanden) die minimaal één dosis Bexsero toegediend kregen. Van de personen die Bexsero toegediend kregen, waren 6.837 zuigelingen 
en kinderen ( jonger dan 2 jaar), 1.051 kinderen (van 2 tot 10 jaar) en 2.677 adolescenten en volwassenen. Van de proefpersonen die de primaire immunisatieserie voor zuigelingen van Bexsero toegediend kregen, 
kregen 3.285 een boosterdosis in het tweede levensjaar. De meest voorkomende lokale en systemische b� werkingen b�  zuigelingen en kinderen ( jonger dan 2 jaar) die in klinische studies z� n waargenomen, waren 
gevoeligheid en erytheem op de injectieplaats, koorts en prikkelbaarheid. In klinische onderzoeken b�  zuigelingen gevaccineerd op de leeft� d van 2, 4 en 6 maanden, is b�  69% tot 79% van de proefpersonen melding 
gemaakt van koorts (≥ 38°C) wanneer Bexsero gel� kt� dig werd toegediend met standaardvaccins (die de volgende antigenen bevatten: 7valent pneumokokkenconjugaat, difterie, tetanus, acellulair pertussis, hepatitis 
B, geïnactiveerde poliomyelitis en Haemophilus infl uenzae type b) in vergel� king met 44% tot 59% van de proefpersonen die alleen de standaardvaccins kregen toegediend. B�  zuigelingen die Bexsero en standaard-
vaccins toegediend kregen, is ook vaker melding gemaakt van het gebruik van antipyretica. Wanneer alleen Bexsero werd toegediend, kwam koorts b�  zuigelingen even vaak voor als b�  standaardzuigelingenvaccins 
die t� dens klinische studies werden toegediend. Eventuele koorts volgde in het algemeen een voorspelbaar patroon, waarb�  de meeste koortsgevallen de dag na de vaccinatie over waren. De meest voorkomende 
lokale en systemische b� werkingen waargenomen b�  adolescenten en volwassenen waren p� n op de injectieplaats, malaise en hoofdp� n. Er is geen toename waargenomen in de incidentie of ernst van b� werkingen 
b�  opeenvolgende doses in de vaccinatiereeks. Tabel met b� werkingen: B� werkingen (na primaire immunisatie of boosterdosis) die ten minste als mogel� k gerelateerd aan de vaccinatie kunnen worden beschouwd, 
z� n naar frequentie ingedeeld. De frequentie is als volgt geclassifi ceerd: Zeer vaak: (≥ 1/10) - Vaak: (≥ 1/100, < 1/10) - Soms: (≥ 1/1.000, < 1/100) - Zelden: (≥ 1/10.000, < 1/1.000) - Zeer zelden: (< 1/10.000) - Niet 
bekend: (kan met de beschikbare gegevens niet worden bepaald). De b� werkingen worden binnen elke frequentiegroep gerangschikt in afl opende volgorde van ernst. Naast de meldingen uit klinische onderzoeken, 
z� n ook de wereldw� d ontvangen vr� willige meldingen over b� werkingen van Bexsero sinds de introductie op de markt in de volgende l� st opgenomen. Aangezien deze b� werkingen vr� willig z� n gemeld door een 
populatie van onbekende omvang, is het niet alt� d mogel� k om een betrouwbare schatting van de frequentie te geven en worden ze daarom hier vermeld met de frequentie Niet bekend. Zuigelingen en kinderen (tot 
en met 10 jaar): Bloed- en lymfestelselaandoeningen: Niet bekend: lymfadenopathie. Immuunsysteemaandoeningen: Niet bekend: allergische reacties (waaronder anafylactische reacties). Voedings en stofwisselings-
stoornissen: Zeer vaak: eetstoornissen. Zenuwstelselaandoeningen: Zeer vaak: slaperigheid, ongewoon huilen, hoofdp� n. - Soms: insulten (inclusief febriele insulten). - Niet bekend: hypotoon-hyporesponsieve 
episode, meningeale prikkeling (tekenen van meningeale prikkeling zoals st� fheid van de nek of fotofobie z� n kort na de vaccinatie sporadisch gemeld. Deze symptomen waren mild en van voorb� gaande aard). 
Bloedvataandoeningen: Soms: bleekheid (zelden na booster). - Zelden: ziekte van Kawasaki. Maagdarmstelselaandoeningen: Zeer vaak: diarree, braken (soms na booster). Huid en onderhuidaandoeningen: Zeer vaak: 
huiduitslag (kinderen van 12 tot en met 23 maanden) (soms na booster). - Vaak: huiduitslag (zuigelingen en kinderen van 2 tot en met 10 jaar). - Soms: eczeem. - Zelden: urticaria. - Skeletspierstelsel en bindweefse-
laandoeningen: Zeer vaak: artralgie. Algemene aandoeningen en toedieningsplaatsstoornissen: Zeer vaak: koorts (≥ 38 °C), gevoeligheid op de injectieplaats (inclusief ernstige gevoeligheid op de injectieplaats, 
gedefi nieerd als huilen wanneer de geïnjecteerde ledemaat wordt bewogen), erytheem op de injectieplaats, zwelling op de injectieplaats, verharding op de injectieplaats, prikkelbaarheid. Soms: koorts (≥ 40 °C). - Niet 
bekend: injectieplaatsreacties (inclusief uitgebreide zwelling van de gevaccineerde ledemaat, blaren op of rondom de injectieplaats en een nodus op de injectieplaats die meer dan een maand kan aanhouden). 
Adolescenten (van 11 jaar en ouder) en volwassenen: Bloed- en lymfestelselaandoeningen: Niet bekend: lymfadenopathie. Immuunsysteemaandoeningen: Niet bekend: allergische reacties (waaronder anafylactische 
reacties). Zenuwstelselaandoeningen: Zeer vaak: hoofdp� n. - Niet bekend: syncope of vasovagale reacties op een injectie, meningeale prikkeling (tekenen van meningeale prikkeling zoals st� fheid van de nek of foto-
fobie z� n kort na de vaccinatie sporadisch gemeld. Deze symptomen waren mild en van voorb� gaande aard). Maagdarmstelselaandoeningen: Zeer vaak: missel� kheid . Huid en onderhuidaandoeningen: Niet bekend: 
huiduitslag. Skeletspierstelsel en bindweefselaandoeningen: Zeer vaak: myalgie, artralgie. Algemene aandoeningen en toedieningsplaatsstoornissen: Zeer vaak: p� n op de injectieplaats (inclusief ernstige p� n op de 
injectieplaats, gedefi nieerd als niet in staat normale dagel� kse activiteiten uit te voeren), zwelling op de injectieplaats, verharding op de injectieplaats, erytheem op de injectieplaats, malaise. - Niet bekend: koorts, 
injectieplaatsreacties (inclusief uitgebreide zwelling van de gevaccineerde ledemaat, blaren op of rondom de injectieplaats en een nodus op de injectieplaats die meer dan een maand kan aanhouden). Melding van 
vermoedel� ke b� werkingen: Het is belangr� k om na toelating van het geneesmiddel vermoedel� ke b� werkingen te melden. Op deze w� ze kan de verhouding tussen voordelen en risico’s van het geneesmiddel voort-
durend worden gevolgd. Beroepsbeoefenaren in de gezondheidszorg wordt verzocht alle vermoedel� ke b� werkingen te melden via het nationale meldsysteem: België: Federaal Agentschap voor Geneesmiddelen en 
Gezondheidsproducten - Afdeling Vigilantie - Postbus 97 - 1000 Brussel - Madou - Website: www.eenb� werkingmelden.be - e-mail: adr@fagg.be. Luxemburg: Centre Régional de Pharmacovigilance de Nancy ou 
Division de la pharmacie et des médicaments de la Direction de la santé. Site internet : www.guichet.lu/pharmacovigilance. HOUDER VAN DE VERGUNNING VOOR HET IN DE HANDEL 
BRENGEN: GSK Vaccines S.r.l, Via Fiorentina 1, 53100 Siena, Italië. DATUM VAN DE GOEDKEURING VAN DE TEKST: 26/04/2023 (v15). AFLEVERINGSW� ZE: Op medisch voorschrift. 
References: 1. SmPC Bexsero. 2. Schmitt JH, Booy R, Astron R, et al. How to optimize the coverage rate of infant and adult immunisations in Europe. BMC Med. 2007;5:11. doi:10.1186/1741-7015-5-11. 
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diend via een diepe intramusculaire injectie, b�  voorkeur in het anterolaterale gedeelte van de d�  b�  zuigelingen, of in de streek van de deltaspier van de bovenarm b�  oudere personen. Als meer dan één vaccin tegel� k 
wordt toegediend, moeten afzonderl� ke injectieplaatsen worden gebruikt. Het vaccin mag niet intraveneus, subcutaan of intradermaal worden toegediend, en mag niet worden gemengd met andere vaccins in 
dezelfde spuit. Voor instructies over het hanteren van het vaccin voorafgaand aan toediening, zie rubriek 6.6 van de volledige SPK. Contraindicaties: Overgevoeligheid voor de werkzame stof(fen) of voor een van de 
in rubriek 6.1 van de volledige SPK vermelde hulpstof(fen). B� werkingen: Overzicht van het veiligheidsprofi el: De veiligheid van Bexsero is geëvalueerd in 17 onderzoeken, inclusief 10 gerandomiseerde gecontro-
leerde klinische studies met 10.565 proefpersonen (vanaf de leeft� d van 2 maanden) die minimaal één dosis Bexsero toegediend kregen. Van de personen die Bexsero toegediend kregen, waren 6.837 zuigelingen 
en kinderen ( jonger dan 2 jaar), 1.051 kinderen (van 2 tot 10 jaar) en 2.677 adolescenten en volwassenen. Van de proefpersonen die de primaire immunisatieserie voor zuigelingen van Bexsero toegediend kregen, 
kregen 3.285 een boosterdosis in het tweede levensjaar. De meest voorkomende lokale en systemische b� werkingen b�  zuigelingen en kinderen ( jonger dan 2 jaar) die in klinische studies z� n waargenomen, waren 
gevoeligheid en erytheem op de injectieplaats, koorts en prikkelbaarheid. In klinische onderzoeken b�  zuigelingen gevaccineerd op de leeft� d van 2, 4 en 6 maanden, is b�  69% tot 79% van de proefpersonen melding 
gemaakt van koorts (≥ 38°C) wanneer Bexsero gel� kt� dig werd toegediend met standaardvaccins (die de volgende antigenen bevatten: 7valent pneumokokkenconjugaat, difterie, tetanus, acellulair pertussis, hepatitis 
B, geïnactiveerde poliomyelitis en Haemophilus infl uenzae type b) in vergel� king met 44% tot 59% van de proefpersonen die alleen de standaardvaccins kregen toegediend. B�  zuigelingen die Bexsero en standaard-
vaccins toegediend kregen, is ook vaker melding gemaakt van het gebruik van antipyretica. Wanneer alleen Bexsero werd toegediend, kwam koorts b�  zuigelingen even vaak voor als b�  standaardzuigelingenvaccins 
die t� dens klinische studies werden toegediend. Eventuele koorts volgde in het algemeen een voorspelbaar patroon, waarb�  de meeste koortsgevallen de dag na de vaccinatie over waren. De meest voorkomende 
lokale en systemische b� werkingen waargenomen b�  adolescenten en volwassenen waren p� n op de injectieplaats, malaise en hoofdp� n. Er is geen toename waargenomen in de incidentie of ernst van b� werkingen 
b�  opeenvolgende doses in de vaccinatiereeks. Tabel met b� werkingen: B� werkingen (na primaire immunisatie of boosterdosis) die ten minste als mogel� k gerelateerd aan de vaccinatie kunnen worden beschouwd, 
z� n naar frequentie ingedeeld. De frequentie is als volgt geclassifi ceerd: Zeer vaak: (≥ 1/10) - Vaak: (≥ 1/100, < 1/10) - Soms: (≥ 1/1.000, < 1/100) - Zelden: (≥ 1/10.000, < 1/1.000) - Zeer zelden: (< 1/10.000) - Niet 
bekend: (kan met de beschikbare gegevens niet worden bepaald). De b� werkingen worden binnen elke frequentiegroep gerangschikt in afl opende volgorde van ernst. Naast de meldingen uit klinische onderzoeken, 
z� n ook de wereldw� d ontvangen vr� willige meldingen over b� werkingen van Bexsero sinds de introductie op de markt in de volgende l� st opgenomen. Aangezien deze b� werkingen vr� willig z� n gemeld door een 
populatie van onbekende omvang, is het niet alt� d mogel� k om een betrouwbare schatting van de frequentie te geven en worden ze daarom hier vermeld met de frequentie Niet bekend. Zuigelingen en kinderen (tot 
en met 10 jaar): Bloed- en lymfestelselaandoeningen: Niet bekend: lymfadenopathie. Immuunsysteemaandoeningen: Niet bekend: allergische reacties (waaronder anafylactische reacties). Voedings en stofwisselings-
stoornissen: Zeer vaak: eetstoornissen. Zenuwstelselaandoeningen: Zeer vaak: slaperigheid, ongewoon huilen, hoofdp� n. - Soms: insulten (inclusief febriele insulten). - Niet bekend: hypotoon-hyporesponsieve 
episode, meningeale prikkeling (tekenen van meningeale prikkeling zoals st� fheid van de nek of fotofobie z� n kort na de vaccinatie sporadisch gemeld. Deze symptomen waren mild en van voorb� gaande aard). 
Bloedvataandoeningen: Soms: bleekheid (zelden na booster). - Zelden: ziekte van Kawasaki. Maagdarmstelselaandoeningen: Zeer vaak: diarree, braken (soms na booster). Huid en onderhuidaandoeningen: Zeer vaak: 
huiduitslag (kinderen van 12 tot en met 23 maanden) (soms na booster). - Vaak: huiduitslag (zuigelingen en kinderen van 2 tot en met 10 jaar). - Soms: eczeem. - Zelden: urticaria. - Skeletspierstelsel en bindweefse-
laandoeningen: Zeer vaak: artralgie. Algemene aandoeningen en toedieningsplaatsstoornissen: Zeer vaak: koorts (≥ 38 °C), gevoeligheid op de injectieplaats (inclusief ernstige gevoeligheid op de injectieplaats, 
gedefi nieerd als huilen wanneer de geïnjecteerde ledemaat wordt bewogen), erytheem op de injectieplaats, zwelling op de injectieplaats, verharding op de injectieplaats, prikkelbaarheid. Soms: koorts (≥ 40 °C). - Niet 
bekend: injectieplaatsreacties (inclusief uitgebreide zwelling van de gevaccineerde ledemaat, blaren op of rondom de injectieplaats en een nodus op de injectieplaats die meer dan een maand kan aanhouden). 
Adolescenten (van 11 jaar en ouder) en volwassenen: Bloed- en lymfestelselaandoeningen: Niet bekend: lymfadenopathie. Immuunsysteemaandoeningen: Niet bekend: allergische reacties (waaronder anafylactische 
reacties). Zenuwstelselaandoeningen: Zeer vaak: hoofdp� n. - Niet bekend: syncope of vasovagale reacties op een injectie, meningeale prikkeling (tekenen van meningeale prikkeling zoals st� fheid van de nek of foto-
fobie z� n kort na de vaccinatie sporadisch gemeld. Deze symptomen waren mild en van voorb� gaande aard). Maagdarmstelselaandoeningen: Zeer vaak: missel� kheid . Huid en onderhuidaandoeningen: Niet bekend: 
huiduitslag. Skeletspierstelsel en bindweefselaandoeningen: Zeer vaak: myalgie, artralgie. Algemene aandoeningen en toedieningsplaatsstoornissen: Zeer vaak: p� n op de injectieplaats (inclusief ernstige p� n op de 
injectieplaats, gedefi nieerd als niet in staat normale dagel� kse activiteiten uit te voeren), zwelling op de injectieplaats, verharding op de injectieplaats, erytheem op de injectieplaats, malaise. - Niet bekend: koorts, 
injectieplaatsreacties (inclusief uitgebreide zwelling van de gevaccineerde ledemaat, blaren op of rondom de injectieplaats en een nodus op de injectieplaats die meer dan een maand kan aanhouden). Melding van 
vermoedel� ke b� werkingen: Het is belangr� k om na toelating van het geneesmiddel vermoedel� ke b� werkingen te melden. Op deze w� ze kan de verhouding tussen voordelen en risico’s van het geneesmiddel voort-
durend worden gevolgd. Beroepsbeoefenaren in de gezondheidszorg wordt verzocht alle vermoedel� ke b� werkingen te melden via het nationale meldsysteem: België: Federaal Agentschap voor Geneesmiddelen en 
Gezondheidsproducten - Afdeling Vigilantie - Postbus 97 - 1000 Brussel - Madou - Website: www.eenb� werkingmelden.be - e-mail: adr@fagg.be. Luxemburg: Centre Régional de Pharmacovigilance de Nancy ou 
Division de la pharmacie et des médicaments de la Direction de la santé. Site internet : www.guichet.lu/pharmacovigilance. HOUDER VAN DE VERGUNNING VOOR HET IN DE HANDEL 
BRENGEN: GSK Vaccines S.r.l, Via Fiorentina 1, 53100 Siena, Italië. DATUM VAN DE GOEDKEURING VAN DE TEKST: 26/04/2023 (v15). AFLEVERINGSW� ZE: Op medisch voorschrift. 
References: 1. SmPC Bexsero. 2. Schmitt JH, Booy R, Astron R, et al. How to optimize the coverage rate of infant and adult immunisations in Europe. BMC Med. 2007;5:11. doi:10.1186/1741-7015-5-11. 
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BEXSERO is geïndiceerd voor de actieve immunisatie van personen van 2 maanden en ouder tegen 
invasieve meningokokkenziekte veroorzaakt door Neisseria meningitidis groep B.1

Meningokokken groep B-vaccin 
(rDNA, component, geadsorbeerd)
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RECHAUFFEMENT GLOBAL :  

UNE BONNE HYDRATATION EST CRUCIALE POUR PROTEGER  

LES REINS DES NOUVEAU-NES !

Divers facteurs influencent la santé rénale des nouveau-nés. Parmi ceux-ci, les conséquences du change-
ment climatique, et en particulier les vagues de chaleur, peuvent impacter le développement des reins 

pendant la grossesse et, plus tard dans la vie, la fonction rénale.1

UNE BONNE HYDRATATION, IMPÉRATIVE DÈS LA GROSSESSE
     Les femmes enceintes sont particulièrement vulnérables aux effets du changement climatique, car elles ont plus de problèmes de 

thermorégulation, sont davantage sensibles aux effets de la déshydratation et sont plus susceptibles de contracter des infections. 
L’exposition à la chaleur et à ses conséquences climatiques (p.ex. feux de forêts, pics de pollution de l’air…) sont associées à un faible 
poids à la naissance, à un risque accru de naissance prématurée et de prééclampsie. Ces facteurs sont eux-mêmes associés à une 
réduction du nombre de néphrons, à des dysfonctionnements rénaux et à une pression artérielle plus élevée chez les enfants plus 
tard dans la vie.1

UNE BONNE HYDRATATION, IMPÉRATIVE DÈS LA GROSSESSE
    Un faible poids à la naissance (< 2,5 kg), un faible poids pour l’âge gestationnel (SGA, <10e percentile de poids), une naissance préma-

turée (PTB, < 37 semaines) et/ou un évènement de prééclampsie pendant la grossesse sont ultérieurement associés à une pression 
artérielle plus élevée, à un risque de protéinurie et à des dysfonctionnements rénaux.1

    Des études ont mis en lumière la sensibilité de la néphrogénèse liée aux expositions durant la grossesse : si le nombre de néphrons 
augmente avec le poids à la naissance et l’âge gestationnel, ce nombre n’augmente toutefois plus après la naissance. Les expositions 
durant la grossesse ont donc un impact sur le réservoir de néphrons d’un individu à vie.1,2

     De multiples médiateurs moléculaires sont également impliqués dans le développement des reins, notamment des altérations de l’ex-
pression génique, une modulation de l’apoptose, une sénescence accélérée et les effets du sexe, qui peuvent tous être sensibles aux 
expositions de chaleur durant la grossesse. D’autres facteurs comme la prééclampsie peuvent également contribuer à la variabilité 
individuelle du risque à long terme de développement d’une maladie rénale chronique tout au long de la vie.1

DE NOMBREUX BÉBÉS À RISQUE DE TROUBLES RÉNAUX
    En 2020, près de 20 millions de bébés sont nés dans le monde avec une insuffisance pondérale. On estime que 10% des naissances 

sont prématurées, et un bébé sur 5 est petit par rapport à l’âge gestationnel. Ainsi, les risques liés à des facteurs environnementaux 
tels que le climat méritent une attention particulière à l’échelle de la population. Malgré cela, tous les bébés nés trop petits ou trop 
tôt ne développent pas pour autant une maladie rénale, et il est fort probable que d’autres facteurs interviennent après la naissance.1

IMPORTANCE D’UNE EAU FAIBLEMENT MINÉRALISÉE, AU BON MOMENT
    L’allaitement maternel est recommandé dans la mesure du possible chez tous les nourrissons, même par temps chaud. Dans ce cas de 

figure, il n’est pas nécessaire de leur proposer de l’eau avant l’introduction d’aliments solides, vers l’âge de 6 mois. Toutefois, s’il fait 
exceptionnellement chaud ou si le bébé montre des signes de déshydratation, on peut lui proposer une toute petite quantité d’eau. 

            Pour les nourrissons nourris au lait maternisé, l’eau peut être introduite avant 6 mois. L’introduction de l’eau doit se faire  
   progressivement et en petites quantités. Par temps très chaud, il peut être nécessaire d’adapter les quantités d’eau données.3

                   La fonction rénale des nouveau-nés n’ayant pas encore atteint une maturité suffisante, il est important d’opter pour une eau  
   pure, faiblement minéralisée et de préférence en bouteille.4,5

                       Les changements climatiques peuvent avoir un double effet, en impactant à la fois le développement des reins du fœtus et  
  en contribuant à l’accumulation de lésions rénales postnatales. Face aux vagues de chaleur, il est donc essentiel d’assurer  
    une bonne hydratation des futures mères, ainsi que celle des nourrissons.1

Références:  1. Alvarez-Elias A.C., Brenner B.M., Luyckx V.A., Climate change and its influence in nephron mass. Curr Opin Nephrol Hypertens. 2024 Jan 1;33(1):102-109. doi: 10.1097/MNH.0000000000000932. 
Epub 2023 Oct 6. PMID: 37800660; PMCID: PMC10715706. 2. Puelles, Victor, et al., Glomerular number and size variability and risk for kidney disease. Current Opinion in Nephrology and Hypertension 20(1):p 
7-15, January 2011. | DOI: 10.1097/MNH.0b013e3283410a7d. 3. What are the recommendations for giving water during infancy? NHS, 2022. 4. Conseil Supérieur de la Santé. Qualité microbiologique de l’eau 
destinée à la préparation des biberons CHS 8123 2005. 5. Azoulay A. et al., Comparison of the mineral content of tap water and bottled waters. J. Gen. Intern. Med 2001.16 : 168-175.ed 2001.16 : 168-175.
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Le système rénal du bébé : 
une immaturité à prendre
en compte

L’IMMATURITÉ 
RÉNALE

Dr Th. S. : Le débit de filtration gloméru-
laire (DFG)* du nouveau-né (30 ml/’/1,73 m³) 

est proportionnellement très inférieur à celui de 
l’adulte (100-120 ml/’/1.73 m³) en raison de la plus 

petite surface des membranes basales glomérulaires. 
Mais ce faible DFG est adapté à la physiologie du bébé, à 
son anabolisme lié à sa croissance rapide et à ses apports 
alimentaires spécifiques. Les tubules et les tubes collec-
teurs réabsorbent plus de 90% de l’eau et des petites 
molécules filtrées et secrètent certaines molécules. Les 
capacités de réabsorption d’eau et de sécrétions de 
protons sont aussi significativement moindres chez 

le bébé. La filtration glomérulaire et ces 
fonctions tubulaires arrivent à 

maturité à l’âge d’un à 
2 ans.

LES DANGERS 
LIÉS À L’IMMATURITÉ 

RÉNALE

Dr Th. S. : L’immaturité rénale du bébé ré-
duit sa capacité d’adaptation biologique à des 

stress tels que des apports alimentaires inappro-
priés, des changements d’environnement et des 
maladies. De tels stress perturbent plus rapidement 
et plus intensément le bébé, en particulier au niveau 
hydro-électrolytique et acido-basique : le bébé est 
notamment à plus haut risque de déshydratation et 

d’acidose. Toute substance étrangère, telle que 
médicament ou toxine, sera filtrée plus len-

tement par les reins. Les médicaments 
éliminés par filtration glomérulaire 

doivent avoir des schémas po-
sologiques adaptés à cette 

immaturité.

L’IMPACT DE 
L’IMMATURITÉ RÉNALE 
SUR L’ALIMENTATION

Dr Th. S. : L’immaturité rénale du bébé im-
plique que son alimentation réponde à des 

normes quantitatives et qualitatives dont les marges 
sont d’autant plus étroites que le bébé est petit. Le lait 

maternel est évidemment la meilleure alimentation. Les 
laits artificiels, prêts à l’emploi et en poudre, sont contrô-
lés et doivent être officiellement autorisés pour les bé-
bés. Pour répondre aux recommandations alimentaires, 
le volume d’eau utilisé pour la reconstitution doit être 
respecté : 30 ml d’eau rajouté par mesure de poudre 

de lait. L’eau utilisée doit répondre elle-même à 
des normes qualitatives, notamment de faible 

minéralisation et de pureté toxicologique 
et microbiologique ; ces eaux autori-

sées sont labellisées.

C’est vers l’âge de 2 ans que les fonctions rénales de 
filtration, de réabsorption et de sécrétion de l’enfant 
arrivent à maturité. Avant ce moment, il est important 
de tenir compte de cette maturation fonctionnelle 
pour l’alimentation et pour la médication du bébé. 
Explications du Docteur Th. Schurmans, néphro-
pédiatre à l’HUDERF et au CHU de Liège.

*Le néphron est l’unité fonctionnelle du rein comportant un 
glomérule prolongé par un tubule, lequel s’abouche avec 

d’autres néphrons dans des tubes collecteurs. La néphrogénèse 
fœtale aboutit à la formation d’environ 1 200 000 néphrons et se 

termine vers 34 semaines de gestation.
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Standard logo

2.1 Logo

The Pierrot is currently used as part 
of the logo lockup. Pierrot is more 
than a symbol; He is our hero and 
needs to stand out.

For our brand communication, we 
chose to increase the size of our 
Pierrot by 25% compared to the logo 
used on our packaging.

Our main message is "Beter drinken. 
Beter leven." But another important 
message is "natural since 1583". So 
if and only if we don't use "Beter 
drinken. Beter leven.", we use the 
standard logo with "natural since 
1583".
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Editorial

 

Difference and diversity…

As autumn approaches, we hope that for each of you the summer and holidays have been synonymous with rejuvenation, joy and 
shared happiness.

September draw to a close with the Paralympic Games, which took place after the “Paris 2024” Olympic Games. First of all, we would 
like to congratulate all the athletes of the Belgian teams on their journey to Paris and, of course, on the many medals they brought 
home: 10 and 14 medals respectively at the Olympic and Paralympic Games. We also want to dedicate this editorial and the cover of 
this issue to such international events. 

The Paralympic Games were originally founded by a medical doctor, the German-born and British neurologist Ludwig Guttman. In 
1948, he had the idea of organising competitions on the grounds of Stoke Mandeville Hospital, near London, for amputees and 
paraplegics who had been victims of the Second World War. He explained that these sports competitions would encourage the patients 
in their rehabilitation and that together they could more easily regain confidence in their abilities. Later, these events officially became 
the Paralympic Summer Games, the first of which was held in Rome in 1960 under the impetus of Dr Guttman and his Italian colleague 
Dr Antonio Maglio. In a March 2021 issue of our Belgian Journal of Paediatrics devoted to rehabilitation in children, several colleagues 
described the importance of sporting activities in the long-term management of various medical and surgical pathologies.

These Paralympic Games are, of course, a tribute to the courage, determination of the athletes. They are also an ode to difference 
and diversity. A very important message at a time and in a world where difference is too often associated with tension, violence and 
exclusion. At the beginning of this year, the French biologist Olivier Hamant, in a new essay entitled "De l'incohérence, philosophie 
politique de la robustesse", cited numerous examples observed in nature to describe how diversity and the development of relationships 
between living beings enable to overcome limits and resolve extreme situations. He explains that trees, although competing with each 
other in the valleys, are able to cooperate in order to grow and develop in the unfavourable conditions of mountains. This inclusion of 
diversity and cooperation sometimes takes a little more time and may seem a little less effective, but it allows the creation of robust 
ecosystems that are better able to adapt and respond. As we -including our children or our patients- head back to school, we thought 
it was important to be aware and to keep in mind the benefits of diversity. For our patients and their families, we wish their differences, 
their uniqueness, their talents and sometimes their weaknesses or vulnerabilities will be welcomed with respect and even valued. And 
of course, This state of mind can also be positive in our work, in our teams and even in our personal lives. 

In this autumn issue we are delighted to present the results of two surveys: one about the knowledge on clinical signs of child 
maltreatment among childcare workers by Jacobs et al. and the other concerning the recognition of abusive head trauma by emergency 
physicians and paediatricians by Marcelis et al.  France et al. describe the results of a qualitative study of the knowledge of primary 
schoolchildren about illness symptoms in Flanders. Nikitas and colleagues report on regional inequity in 4CMenB vaccination in 
Belgium. We also publish a literature review leading to a new treatment protocol on antibiotherapy post-appendectomy by Goovaerts  
et al. The consensus recommendation for paediatric intravenous maintenance fluid is explained by the Be-PIV group. The Made 
in Belgium section presents the Ph D thesis of Sam Geuens from KULeuven. Dr Geuens has explored the impact of corticosteroid 
treatment and genotype on brain morphology and their correlations with neurobehavioral outcomes in patients with Duchenne muscular 
dystrophy. In addition to these studies, several informative clinical observations are reported by our young colleagues in training.

On behalf of the editorial team, we wish you a pleasant and informative read. 

Christophe Chantrain and Marc Raes
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expositions de chaleur durant la grossesse. D’autres facteurs comme la prééclampsie peuvent également contribuer à la variabilité 
individuelle du risque à long terme de développement d’une maladie rénale chronique tout au long de la vie.1

DE NOMBREUX BÉBÉS À RISQUE DE TROUBLES RÉNAUX
    En 2020, près de 20 millions de bébés sont nés dans le monde avec une insuffisance pondérale. On estime que 10% des naissances 

sont prématurées, et un bébé sur 5 est petit par rapport à l’âge gestationnel. Ainsi, les risques liés à des facteurs environnementaux 
tels que le climat méritent une attention particulière à l’échelle de la population. Malgré cela, tous les bébés nés trop petits ou trop 
tôt ne développent pas pour autant une maladie rénale, et il est fort probable que d’autres facteurs interviennent après la naissance.1

IMPORTANCE D’UNE EAU FAIBLEMENT MINÉRALISÉE, AU BON MOMENT
    L’allaitement maternel est recommandé dans la mesure du possible chez tous les nourrissons, même par temps chaud. Dans ce cas de 

figure, il n’est pas nécessaire de leur proposer de l’eau avant l’introduction d’aliments solides, vers l’âge de 6 mois. Toutefois, s’il fait 
exceptionnellement chaud ou si le bébé montre des signes de déshydratation, on peut lui proposer une toute petite quantité d’eau. 

            Pour les nourrissons nourris au lait maternisé, l’eau peut être introduite avant 6 mois. L’introduction de l’eau doit se faire  
   progressivement et en petites quantités. Par temps très chaud, il peut être nécessaire d’adapter les quantités d’eau données.3

                   La fonction rénale des nouveau-nés n’ayant pas encore atteint une maturité suffisante, il est important d’opter pour une eau  
   pure, faiblement minéralisée et de préférence en bouteille.4,5

                       Les changements climatiques peuvent avoir un double effet, en impactant à la fois le développement des reins du fœtus et  
  en contribuant à l’accumulation de lésions rénales postnatales. Face aux vagues de chaleur, il est donc essentiel d’assurer  
    une bonne hydratation des futures mères, ainsi que celle des nourrissons.1

Références:  1. Alvarez-Elias A.C., Brenner B.M., Luyckx V.A., Climate change and its influence in nephron mass. Curr Opin Nephrol Hypertens. 2024 Jan 1;33(1):102-109. doi: 10.1097/MNH.0000000000000932. 
Epub 2023 Oct 6. PMID: 37800660; PMCID: PMC10715706. 2. Puelles, Victor, et al., Glomerular number and size variability and risk for kidney disease. Current Opinion in Nephrology and Hypertension 20(1):p 
7-15, January 2011. | DOI: 10.1097/MNH.0b013e3283410a7d. 3. What are the recommendations for giving water during infancy? NHS, 2022. 4. Conseil Supérieur de la Santé. Qualité microbiologique de l’eau 
destinée à la préparation des biberons CHS 8123 2005. 5. Azoulay A. et al., Comparison of the mineral content of tap water and bottled waters. J. Gen. Intern. Med 2001.16 : 168-175.ed 2001.16 : 168-175.
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Le système rénal du bébé : 
une immaturité à prendre
en compte

L’IMMATURITÉ 
RÉNALE

Dr Th. S. : Le débit de filtration gloméru-
laire (DFG)* du nouveau-né (30 ml/’/1,73 m³) 

est proportionnellement très inférieur à celui de 
l’adulte (100-120 ml/’/1.73 m³) en raison de la plus 

petite surface des membranes basales glomérulaires. 
Mais ce faible DFG est adapté à la physiologie du bébé, à 
son anabolisme lié à sa croissance rapide et à ses apports 
alimentaires spécifiques. Les tubules et les tubes collec-
teurs réabsorbent plus de 90% de l’eau et des petites 
molécules filtrées et secrètent certaines molécules. Les 
capacités de réabsorption d’eau et de sécrétions de 
protons sont aussi significativement moindres chez 

le bébé. La filtration glomérulaire et ces 
fonctions tubulaires arrivent à 

maturité à l’âge d’un à 
2 ans.

LES DANGERS 
LIÉS À L’IMMATURITÉ 

RÉNALE

Dr Th. S. : L’immaturité rénale du bébé ré-
duit sa capacité d’adaptation biologique à des 

stress tels que des apports alimentaires inappro-
priés, des changements d’environnement et des 
maladies. De tels stress perturbent plus rapidement 
et plus intensément le bébé, en particulier au niveau 
hydro-électrolytique et acido-basique : le bébé est 
notamment à plus haut risque de déshydratation et 

d’acidose. Toute substance étrangère, telle que 
médicament ou toxine, sera filtrée plus len-

tement par les reins. Les médicaments 
éliminés par filtration glomérulaire 

doivent avoir des schémas po-
sologiques adaptés à cette 

immaturité.

L’IMPACT DE 
L’IMMATURITÉ RÉNALE 
SUR L’ALIMENTATION

Dr Th. S. : L’immaturité rénale du bébé im-
plique que son alimentation réponde à des 

normes quantitatives et qualitatives dont les marges 
sont d’autant plus étroites que le bébé est petit. Le lait 

maternel est évidemment la meilleure alimentation. Les 
laits artificiels, prêts à l’emploi et en poudre, sont contrô-
lés et doivent être officiellement autorisés pour les bé-
bés. Pour répondre aux recommandations alimentaires, 
le volume d’eau utilisé pour la reconstitution doit être 
respecté : 30 ml d’eau rajouté par mesure de poudre 

de lait. L’eau utilisée doit répondre elle-même à 
des normes qualitatives, notamment de faible 

minéralisation et de pureté toxicologique 
et microbiologique ; ces eaux autori-

sées sont labellisées.

C’est vers l’âge de 2 ans que les fonctions rénales de 
filtration, de réabsorption et de sécrétion de l’enfant 
arrivent à maturité. Avant ce moment, il est important 
de tenir compte de cette maturation fonctionnelle 
pour l’alimentation et pour la médication du bébé. 
Explications du Docteur Th. Schurmans, néphro-
pédiatre à l’HUDERF et au CHU de Liège.

*Le néphron est l’unité fonctionnelle du rein comportant un 
glomérule prolongé par un tubule, lequel s’abouche avec 

d’autres néphrons dans des tubes collecteurs. La néphrogénèse 
fœtale aboutit à la formation d’environ 1 200 000 néphrons et se 

termine vers 34 semaines de gestation.
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2.1 Logo

The Pierrot is currently used as part 
of the logo lockup. Pierrot is more 
than a symbol; He is our hero and 
needs to stand out.

For our brand communication, we 
chose to increase the size of our 
Pierrot by 25% compared to the logo 
used on our packaging.

Our main message is "Beter drinken. 
Beter leven." But another important 
message is "natural since 1583". So 
if and only if we don't use "Beter 
drinken. Beter leven.", we use the 
standard logo with "natural since 
1583".
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Abstract
Objective
Child maltreatment is a global health concern often underreported, making early detection crucial. Recognizing signs of abuse, especially in childcare settings where 
attendance rates are high, is pivotal.

Methods 

This prospective study using an online survey included 16 hypothetical cases accompanied by a clinical image. Qualtrics was used to distribute the survey. Participation 
was completely voluntary and anonymous. Childcare workers were asked to give a risk-assessment about the case using a Likert scale.

Results 

93 respondents fully completed the questionnaire. The overall mean score on the survey was 67.8% (Std. Deviation 12.0%). In general, the percentage of correct 
answers on the cases suggestive for child maltreatment (67.8%) and the one not suggestive for child maltreatment (67.9%) were the same. No significant correlation 
was obtained between the variables ‘gender’, ‘age’, ‘number of children’, ‘number of years of work experience’ and the outcome ‘overall score’. However, there was a 
positive correlation between previous contact with suspected child maltreatment and an adequate assessment of the situation (p-value 0.005).

Conclusions
The knowledge about physical signs of child maltreatment does not depend on the age or work experience of the childcare worker. However, knowledge could be 
positively influenced by previous experiences with suspected child maltreatment and additional training on this topic. 

Introduction
Child abuse and neglect are global health problems occurring across 
all communities regardless of social, racial, and economic backgrounds 
(1-3). These include various types of abuse - physical (22.6%), sexual 
(12.7%), and emotional (36.3%) - linked to significantly higher levels 
of psychopathology in affected children. Child maltreatment is widely 
under-reported, potentially prolonging or exacerbating cases of abuse 
(5). Children under the age of three, particularly infants under six months, 
account for 25% of victims, vulnerable due to their inability to defend 
themselves or articulate the abuse (6, 7).

In the context of physical abuse, skin lesions such as hematomas and 
ecchymoses are common manifestations, serving as logical sentinels for 
early detection to prevent future harm (8). Sentinel injuries, visible minor 
injuries in infants that are poorly explained, are suspicious of physical 
maltreatment (9). Caregivers should be familiar with injury patterns and 
distributions in order to appropriately identify child physical abuse (3). 
Although external signs may be subtle, identifying the pattern and location 
of any skin finding can help differentiate accidental from abusive injury, 
facilitating timely referral to clinical experts (10). Any missed diagnosis 
carries the risk of recurrence and further child maltreatment (12).

With half of European Union children under three attending daycare, 
Belgium, particularly Flanders, reflects this trend, with 94,681 licensed 

daycare places in 2021 and 53.4% attendance among infants and 
toddlers (13, 14). Daycare staff, deeply involved in children's lives, have 
unique insights into their well-being, potentially surpassing physicians' 
assessments.

Belgium's 'Confidential Centers for Child Abuse' and helpline '1712' 
provide avenues for anonymous reporting, receiving 7,535 reports in 
2021, 14% concerning children under three years of age (15). However, 
childcare education in Flanders, while emphasizing reporting guidelines, 
lacks focus on recognizing physical signs of maltreatment, hindering 
professionals' ability to accurately identify abuse (16, 17).

Few publications address recognizing abuse in this professional 
population. A comparative study among preschool teachers revealed 
inconsistent reporting despite high prevalence, attributed to a lack of 
knowledge and insufficient evidence of abuse. Developing standardized 
training programs and guidelines to support teachers is crucial (7). 
Research indicates that teachers' awareness of child neglect and abuse 
increases after training, with reporting rates significantly improving (18). 
Another study found that daycare workers have limited knowledge about 
reporting procedures and their legal protections (19).

This study aimed to assess childcare workers' familiarity with physical 
signs of child neglect and abuse in Flanders. Verzacht  
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Table 1 : Case scenario description of the survey

 Vignette Image description

Case 1 Matteo, a 3-month-old boy, has started nursery today for the first time. During the welcome interview, the parents 
didn't mention anything unusual about the child. They seemed enthusiastic and friendly. Matteo has cried frequently 
today, which is expected on his first day in a new environment. While changing his diaper, you notice a blue tint on 
his bottom. He doesn't react when you apply pressure to the spot. When Matteo's mom comes to pick him up, she 
explains that Matteo has had this since birth.

The clinical image shows the lower back 
of a newborn infant with several con-
fluent blueish to blue-grey  nummular 
spots, typical of dermal melanosis. 

Case 2 Amélie is a cheerful girl who has been attending daycare for 1.5 years. You're familiar with her mother, who picks 
her up daily, but you've never met her father. Today, Amélie is unusually quiet and uses her left arm sparingly. In the 
evening, you inquire about her arm, and her mother explains, "She went to the woods with her dad yesterday. They 
were walking hand in hand, and while trying to jump in puddles, Amélie slipped, but her dad managed to pull her 
up by the arm." Her mom also noticed yesterday that Amélie's arm was bothering her but decided to wait and see. 
Now, she is decided they will visit the doctor tonight for sure.

The clinical image shows a child on 
a hospital stretcher with her left arm 
stretched out parallel to her side, the 
right arm is in use.

Case 3 Louis, a 1.5-year-old boy, comes from a family of 6, none of whom have attended this nursery before. Today marks 
the last day before summer vacation, and Louis' family is leaving for Spain tonight for a 2-week trip. His dad drops 
him off in the morning in a rush. Later in the day, you notice that Louis' ear appears blue, and he cries when you 
touch it. When you ask his dad in the evening what happened, he explains, "The older siblings were playing with 
a plastic jump rope yesterday, and Louis accidentally got hit on the ear with it." Louis' dad works as a nurse in an 
assisted living facility, and his mom is currently unemployed and dealing with depression. His dad dismisses the 
blue ear, saying, "Kids grow up with bumps and bruises, especially with boys and brothers."

The clinical image shows the left ear of 
a child. There is a clear ecchymosis on 
the antihelical crura and scapha. The 
rest of the earlobe is normal.

Case 4 The nursery has been closed for collective leave for 2 weeks and reopened today. In the morning, the mother of 
Fien, a 4-month-old girl, did not mention anything in particular when she dropped her daughter. While changing 
Fien's diaper later that day, you notice the following image on her bottom. Fien comes from a family of 5. Her par-
ents are very kind, and you are familiar with them because her older sister also attended the nursery. Unfortunately, 
Fien's family isn't very well-off, and you often notice that Fien wears the same dirty clothes. In the evening, you 
ask her mom if and when she noticed this redness on Fien’s bottom. She replies that she first noticed it yesterday 
morning before giving Fien a bath.

The clinical image shows the anogenital 
region of a female infant with a severe 
erythematous rash with papulovesicular 
lesions, fissures, and erosions. It is more 
severe than the ‘common’ phenotype of 
a diaper dermatitis.

Case 5 As a new employee in this nursery, you have only known the children for 2 weeks. Today, you notice a bruise on the 
back of Lola, a 13-month-old girl. When you touch it, she does not react, but it does feel swollen. In the evening, 
Lola's mom explains that she has had this bruise since she was little. She appreciates your concern for the health 
of the children in the nursery.

The clinical image shows a circular 
elevation in the interscapular region 
of an infant. The skin at the site of the 
nummular elevation has a pale bluish 
colour and in the middle there are some 
small regions of purple colour. It has the 
aspects of a deep haemangioma.

Case 6 Yentel is a 14-month-old boy who's quite energetic who attends your nursery. Different people, including the 
parents, grandparents, or an aunt, drop him off and pick him up every day. In the evening, Yentel's mom sends a 
WhatsApp message stating another child must have bitten Yentel on his arm and sends a picture as evidence. You 
inquire with your colleagues if they noticed anything, but they didn't observe any incidents. Yentel wore a sweatshirt 
all day, so you had not noticed these injuries either. You recall that Yentel had a burn on his knee a month ago. There 
have been some challenges in communicating with the parents, and Yentel has been absent from the nursery more 
frequently lately when he was expected to attend.

The image shows 2 red circular skin 
lesions on the left arm consistent with 
superficial bite injuries.

Case 7 The nursery has been closed for collective leave for 2 weeks and reopened today. In the morning, Ella's father, a, in-
formed you that his daughter - a 3-month-old infant -has had a rash in the diaper region for several days. They took 
her to the paediatrician, who prescribed a cream. Otherwise, Ella has been declared healthy. The father requests 
that you apply the cream once during the day as well.

The clinical image shows a bright ery-
thematous rash in the anogenital region 
of a female infant. The skin folds are 
involved, and satellite lesions are visible 
at the edges of the rash, suggestive for 
a Candida infection.

Case 8 Vic is a 16-month-old boy. He is usually quiet and makes little eye contact when spoken to. When his grandmother 
drops him off, she mentions that he bumped into the corner of a table yesterday and now has a ‘black eye’. You 
have not seen his parents in a while. Vic's mother has been in the hospital due to alcohol-related issues. You have 
heard from the father that the couple is going through a divorce.

The clinical image shows a toddler with 
an orbital ecchymosis of the right eye. 
The discoloration is most  pronounced 
above the medial commissure. The eye-
brow is intact and there is no swelling 
around the eye.

Case 9 Lars (1.5 years old) was adopted at 3 weeks old. His adoptive parents shared with you during the first meeting that 
they've faced numerous challenges since then. Lars has been prone to crying for extended periods, and he has also 
experienced allergies and feeding difficulties. You have had several conversations with his concerned father, who 
often feels insecure about parenting and sometimes feels overwhelmed with the responsibilities. However, things 
have been improving lately. Lars is usually very quiet around his parents, but he becomes one of the loudest kids 
once he's in the nursery. Suddenly, you notice an injury under his ear and ask Lars himself what happened. Lars 
responds, "daddy." In the evening, his father mentions he had not noticed it yet, and they assume Lars might have 
“bumped himself” during the day.

The clinical image shows a rectilinear 
superficial excoriation with a  length of 
4 cm and a width of 0.3cm behind the 
lower part of the ear.

Case 10 On Monday morning, Félicia is brought to the nursery by a friend of her mother. Félicia is a 10-month-old girl who 
cannot yet walk but enjoys crawling. She is a sociable child who actively seeks out interaction with other children. 
When you tried to pick her up on the playmat, she pulled her leg away and started crying. Nothing out of the or-
dinary had happened in the nursery that day until then. While changing her diaper, you notice bruises on her legs. 
When you ask her dad about the bruises, he says he does not know how or when they originated. Félicia was with 
her mom last week due to co-parenting.

The clinical image shows the lower legs 
of an infant with several ecchymoses on 
the anterior side below the knee, two on 
the left leg and seven on the right leg. 
The largest has a diameter of 2cm, the 
smallest 0.5 cm. 

Case 11 The parents of Noah, who is 3 months old, express concern about feeding problems. Noah has been experiencing 
frequent regurgitation of milk, and according to the parents, he appears to have some cramps and often cries in the 
evening. Today, Noah vomits milk, prompting you to change his clothes. While changing him, you notice red streaks 
on his right leg. When you inquire about the cause of the rash, the parents explain that they found him this morning 
with his leg wedged between the bed's pillars.

The clinical image shows both lower legs 
of an infant with linear reddish lesions in 
the conformation of a negative imprint of 
adult digits on the right lower leg.
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Methods
Study Design
This prospective study, using an online survey, received approval from 
the Research Ethics Committee UZ/KU Leuven (MP023079). The study 
protocol mirrored a previous research methodology from our group but 
targeted a different audience (1). An anonymous online survey featuring 
hypothetical cases with clinical images was used. Participation in the 
questionnaire was voluntary and contingent upon informed consent. 
The study design comprised two components: a sociodemographic 
questionnaire gathering data on gender, age, number of children, years 
of work experience, and contact with suspected child maltreatment, 
alongside 16 clinical cases. These hypothetical cases, set within a 
childcare context, constituted the primary questionnaire content. Each 
case, depicting potential child maltreatment, was accompanied by 
a clinical image illustrating the child's signs or injuries (Table 1). 
Childcare workers evaluated the risk level of each case for child 
abuse and neglect using a Likert scale ("unsuspicious," "rather not 
suspicious," "neutral," "rather suspicious," "highly suspicious"). The 
survey was distributed via Qualtrics, validated by both expert and 
layperson groups to ensure internal validity and comprehension. Data 
collection took place from March to June 2023.

Statistical Analysis
Only fully completed questionnaires obtained via Qualtrics were 
analyzed. IBM SPSS software facilitated all statistical analyses. 
Categorical variables were presented as frequencies and percentages. 
Responses were dichotomized for analysis: "unsuspicious" and 
"rather not suspicious" categorized as "not suspicious," while "rather 
suspicious" and "highly suspicious" were considered "suspicious," with 
"neutral" always deemed incorrect. Pediatric experts evaluated each 
case based on practical experience and medical literature. The scoring 
of the experts was used to dichotomize the participant’s answers into 
correct or incorrect. Participants' responses were graded accordingly, 
and an overall score reflecting the ability to distinguish cases indicative 
of child maltreatment was calculated for each participant. The proportion 
of correct answers for each case was visualized using a Likert plot. 
The Chi-Squared test determined statistical correlations between 

 Vignette Image description

Case 12 When Matthies' mother drops him off at the daycare centre in the morning, she informs you that yesterday he had 
a serious fight with his sister, who bit him. Matthies (23m old) never likes to say goodbye to his mother and always 
cries when she leaves. However, after a few minutes, he calms down and becomes a happy boy again. When asked 
who bit him, Matthies says, "sister."

The clinical image shows a toddler with 
a small and superficial bite wound on 
the left cheek.

Case 13 When you receive Jesse (1.5 years old) in the nursery in the morning, you are startled by the bump on his forehead. 
His dad responds with a laugh, explaining that Jesse was too wild while playing yesterday and fell on his head while 
running with his toys in his hands. They visited the doctor on call, who reassured them that it was just an insig-
nificant bump. Jesse is indeed one of the more energetic kids in the group and always makes a lot of noise while 
playing.

The clinical image shows a toddler with 
a small hematoma on the left frontal 
part of the skull. There are no additional 
lesions. 

Case 14 Simon (16 months) is brought to the  nursery by his mom this morning. She is in tears as she explains that Simon 
returned from his father's house yesterday with a “blue cheek”. The parents are currently going through a difficult 
divorce, and the father is seeking full custody of Simon. Simon always gets excited when he sees someone entering 
the nursery, but when his parents show up, he often hides away.

The clinical image shows a toddler with 
a ‘slap mark’. One can notice the imprint 
of a hand (imprint of digits) on the right 
cheek of the child. 

Case 15 Emma's father reports today that Emma burned herself this morning with a hot cup of tea that fell over during 
breakfast. He immediately held her arm under running cold water and then had it checked by the neighbour, who is 
a nurse. She has already applied an anti-burn product (Flamigel°) to it. Emma's parents are both very ambitious and 
work hard, so she spends a lot of time in the nursery.

The clinical image shows an oval-
shaped second degree burn on the 
forearm of a child. The skin is red and 
there are central regions with desqua-
mation present.

Case 16 Sofie's mother reports today that Sofie has been reluctant to put weight on her right leg since this morning. Yester-
day, there did not seem to be any problems, and she was playing normally. However, this morning, she cried when 
her mom tried to help her walk after changing her clothes. Sofie is 13 months old and can walk with support or 
while holding an adult's hand. Her mother is puzzled as Sofie has not fallen, does not have a fever, and does not 
seem to be experiencing pain elsewhere. She has plans to take the afternoon off to bring Sofie to the family doctor. 
During the morning, you also notice that Sofie experiences pain in her right leg when being lifted or when attempt-
ing to walk. You examined her thoroughly but could not find any bruises or other abnormalities. Despite this, Sofie 
appears happy and does not seem to have any other issues.

The clinical image shows a toddler who 
is standing up, supported by an adult. 
The weight of the child is on the left leg, 
the right leg seems to be less used. 

Table 2 : Demographic characteristics of the participants.

N = 93 %

Gender

Male 2 2.2

Female 91 97.8

Age (Years)

19-35 years 35 37.6

36-50 years 31 33.3

>50 years 22 23.7

Missing data 5 5.4

Number of children (Children)

0 30 32.3

1 13 14.0

2 34 36.6

3 13 14.0

4 1 1.1

>4 2 2.2

Number of years  
of work experience (Years)

1-5 years 24 26.9

6-10 years 15 16.1

11-25 years 40 43.0

>25 years 13 14.0

Been in contact with suspected child maltreatment

Yes 34 36.6

No 59 63.4

Total 93 100

Mean score (years) Standard error

Age 40.2 11.50
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variables (gender, age, number of children, years of 
work experience, and contact with suspected child 
maltreatment) and the overall score, with a significance 
level set at 0.05.

Results
Participants
The survey included childcare workers from various 
daycare centers in Flanders, Belgium. The total 
number of invited daycare workers remains unknown 
as invitations were distributed by daycare authorities. 
Ninety-three respondents completed the questionnaire 
in full. Participant characteristics are summarized in 
Table 2. Most participants were women (97.8%) and 
had at least one child (67.7%). The mean age was 40.2 
years (range 19-60 years), with 57% having over 10 
years of daycare work experience. Additionally, 36.6% of 
respondents reported encountering a suspected abuse 
case.

Overall Score
The survey's overall mean score was 67.8% (Standard 
Deviation 12.0%) compared to the correction key. 
Figure 1A presents a histogram illustrating the total 
scores of all individuals (N=93). The lowest score, 
31.3%, was achieved by one respondent who correctly 
interpreted only 5 of 16 cases, while the highest score, 
93.8%, was attained by two respondents (15 of 16 
cases answered correctly). Figure 1B displays a boxplot 
depicting the sensitivity and specificity of detecting 
child maltreatment, with sensitivity representing the 
total score on cases suggestive of maltreatment and 
specificity representing the total score on cases not 
suggestive of maltreatment.

Furthermore, the proportion of correct responses per 
case is detailed in Table 3, with a Likert plot visualization 
in Figure 2A and 2B.

The best-solved case suggestive of maltreatment 
involved facial linear-shaped hematomas suspected of 

resulting from a hand slap, with 98.9% correct responses. Conversely, 
the case concerning a bruise on the ear had the lowest correct response 
rate (41.9%). Among cases not suggestive of maltreatment, the case 
involving a bite mark on the face had the highest correct response rate 
(92.5%), while only 31.2% answered correctly for the case involving 
a hemangioma. Overall, the percentage of correct answers for cases 
suggestive and not suggestive of maltreatment was similar, both around 
67.8%.

Relationship Between Participant Characteristics  
and Overall Score
Simple linear regression analysis for age, number of children, years of 
work experience, and previous contact with suspected maltreatment 
revealed correlation coefficients (R) of 0.026, 0.130, 0.026, and 0.305, 
respectively, with coefficients of determination (R²) of 0.001, 0.017, 
0.001, and 0.093, respectively. Only previous contact with suspected 
maltreatment showed a low positive correlation with the outcome, while 
correlations for other variables were negligible.

Multiple regression analysis incorporating age, gender, number of 
children, years of work experience, and previous contact with suspected 
maltreatment yielded an adjusted R² of 0.073, indicating a low 
predictive value for this model.

Univariate quadratic regression (Table 4) showed a statistically 
significant estimate parameter of 0.307 for the variable 'contact 
with suspected child maltreatment' (P-value 0.005), suggesting that 
individuals who encountered suspected child maltreatment had greater 
knowledge in recognizing physical injury due to maltreatment.

Table 3 : The proportion of correct answers per case.

Case Subject Correct answers %

Case 1 Congenital dermal melanocytosis 46.2%

Case 2 Pulled elbow 54.8%

Case 3 Bruise on ear 41.9%

Case 4 Diaper rash 60.2%

Case 5 Hemangioma 31.2%

Case 6 Bite trauma 84.9%

Case 7 Infection diaper region 88.2%

Case 8 Orbital hematoma 78.5%

Case 9 Skin injury behind ear 74.2%

Case 10 Bruises on lower leg 54.8%

Case 11 Pinch wound 48.4%

Case 12 Bite trauma 92.5%

Case 13 Forehead hematoma 89.2%

Case 14 Slap injury 98.9%

Case 15 Burn 55.9%

Case 16 Dysfunctional leg 84.9%

Figure 1A : Overall score on the survey of 16 cases (N=93).

Figure 1B : Boxplot of the overall score on the survey and the two subgroups.
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Discussion
In this study a relevant sample of Flemish daycare workers showed a 
good appreciation of physical signs of child abuse and neglect.

Out of 93 participants, only 2 respondents were men (2.1%). Due to this 
low number, the influence of gender on the overall score could not be 
analyzed. Notably, data on the proportion of men employed in childcare 
are scarce, but the average proportion in Belgium in 2023 was 1.7% (data 

supplied by Opgroeien, Flemish Government), aligning 
with our sample. The average number of children per 
participant in this study was 2.44 (SD 1.23), notably 
higher than the average fertility rate in Flanders of 
1.53 (data from 2022) (20). This suggests that women 
working in childcare centers may tend to have more 
children on average. Additionally, 36.6% of respondents 
reported prior contact with a suspected case of child 
abuse.

The average score on the survey was 67.8%, with 89 
out of 93 participants scoring at least 8 out of 16 cases 
correctly. However, there is no established threshold 
for determining a good result. Interestingly, the 
proportion of incorrectly assessed cases ‘suggestive’ 
and ‘not suggestive’ of child maltreatment was similar 
(32.2% and 32.1%, respectively), suggesting equal 
sensitivity and specificity in detecting maltreatment. 
This contrasts with a previous study among physicians 
in training, where cases suggestive of maltreatment 
were solved better than non-suggestive cases (85.7% 
[IQR 28.6%] versus 62.5% [IQR 25.0%], p < 0.001) 
(1). While the mean score on suggestive and non-
suggestive cases is the same, the boxplot (Figure 1B) 
reveals that people are more accurate in assessing 
non-suggestive cases, possibly due to outliers pulling 
down the mean score for suggestive cases. There is 
a wider spread of responses within suggestive cases, 
indicating that childcare workers may struggle more 
with recognizing typical physical injuries.

Within non-suggestive cases, 68.8% and 55.8% would 
misjudge a hemangioma and a congenital dermal 
melanocytosis, respectively, as child maltreatment. 
These false positives can strain the relationship between 
parents and childcare workers. Conversely, within 
cases suspected of maltreatment, 58.1% and 51.6% 
would consider a bruise on the ear and a pinch wound, 
respectively, as non-alarming. Overall, the context in 
which a child presents with a skin injury and the story 
told by the parents play an enormous role in physical 
maltreatment cases. Approximately one-third of cases 
were not interpreted correctly. Additional training on 
recognizing "mimickers" for child maltreatment may 
improve results, preventing trauma and false accusations 
of parents.

We examined if participant’s age, number of children, 
years of work experience, and prior contact with 
suspected maltreatment could correlate with a higher 
overall score. However, only previous contact with 
maltreatment showed statistical significance in relation 
to the overall score. As age and work experience are 
not predictors of outcome, we can infer that working in 
childcare does not inherently increase knowledge, but 
external education may. Previous studies support this 
notion, indicating that participants who received formal 
training displayed significantly higher overall knowledge 
of recognizing and reporting child abuse and neglect, 
along with a wider range of individual knowledge items 
(1,22). A train-the-trainer program promoting knowledge 
of warning signs of child maltreatment in childcare 
settings could be an effective strategy, enhancing 
childcare workers' competence in interventions (23). 

This approach allows many practitioners to receive relevant information 
in a short period.

Limitations
The study's invitation was sent to large child daycare centers (with 
more than 20 children), potentially introducing selection bias, limiting 
the extrapolation of results to smaller centers. Due to the small sample 

Table 4 : Relationship between participant characteristics and overall score.

Univariate Quadratic regression 

Variable
Estimate  
(Standardized  
coefficients beta)

P-value 95.0%  
Confidence interval

Gender

Female

Male*

0.006

-

0.954

-

-17.190;18.228

-

Age -0.171 0.288 -0.521;0.157

Number of children 0.210 0.100 -0.409;4.563

Years of work  
experience 0.002 0.987 -3.544;3.602

Contact with  
child maltreatment 0.307 0.005 2.430;13.130

* Male as reference.

Figure 2A : Cases suggestive for child maltreatment: ranked from best 
(upper) to least well (bottom) solved.

Figure 2B : Cases not suggestive for child maltreatment: ranked from best 
(upper) to least well (bottom) solved.
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size, no subpopulations were defined. The use of written cases in the 
survey may make judgment more challenging for participants compared 
to real-life scenarios, where the connection between the childcare worker 
and the child's family can aid assessment. The scenarios have all been 
scored by experts, whose answers were not fully identical as the cases 
were deliberately not designed to be ‘black and white’. However all 
experts scored the cases in the same direction (either suspicious or 
not suspicious).

Conclusion
This study is exploratory research that can guide future work in this field. 
In order to improve overall detection, investments in formal training are 
necessary since work experience and age are not related to a better 
detection of child abuse and neglect by the staff in daycare. 

The authors have no conflicts of interest to declare with regard to the 
topic discussed in this manuscript.
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Abstract
Objective

The aim of our study was to determine the physicians’ accuracy in evaluating fictitious cases of young children with high, moderate and low probability of 
abusive head trauma (AHT), their behaviour in reporting cases to child protection services or legal institutions, and the estimation of their own competence 
in interpreting injuries in children.

Methods

Six hypothetical cases (high, moderate and low probability of AHT, with and without risk factors for abuse) were presented to physicians in a survey. The 
assigned probability score for AHT was compared with the calculated probability of AHT according to the PediBIRN-7 prediction tool. 

Results

The majority of physicians underestimated the probability of AHT in the cases with high probability of AHT (especially in the absence of risk factors for abuse), 
and overestimated the probability of AHT in cases with low probability of AHT (especially in the presence of multiple risk factors for abuse). In cases with high 
probability of AHT without multiple risk factors for abuse, the majority of physicians would not have reported the case. 

Conclusions

Our survey showed that the presence or absence of risk factors for abuse seemed to play a more important role in physician’s assessment of the aetiology 
of head injury in young children than the presence of injuries with a high specificity for AHT or accidental head injury. Unawareness of physicians´ lack of 
competence in evaluating injuries is a potential threat. 

Introduction
Abusive head trauma (AHT) is an injury to the skull or intracranial 
contents of a child, caused by inflicted blunt impact, shaking, or both 
(1). AHT is the leading cause of fatal head injuries in children younger 
than two years (2-4). Survivors show considerable associated morbidity 
(1). A missed diagnosis leads to an increased risk of further injury or 
death. A 2016 study found that 25% of the infants with AHT had at least 
one earlier opportunity to identify abuse (5). However, recognizing AHT 
is a major challenge, predominantly because of the heterogenous and 
non-specific clinical findings (vomiting, irritability, feeding difficulties, 
altered mental status, seizures, increasing head circumference and 
apnoea) and of further investigations (subdural hematoma, cerebral 
oedema, skull fracture, spinal changes, complex retinal haemorrhages 
and rib or other fractures) (1, 2, 6, 7). Although there are known risk 
factors for abuse such as a low socioeconomical status, a household 
with unmarried parents or unrelated adults, parental alcohol or 
substance abuse, or excessive crying of the child, their absence does 
not rule out abuse: literature shows that AHT was more likely to be 
unrecognized in white children from intact families (8-12).

Laskey et al found that in 50% of the cases, pathologists and 
paediatricians did not agree on their categorization (unintentional, 
undetermined, or inflicted) of hypothetical cases of traumatic brain 
injury (13). The aim of our study was to determine (a) the accuracy 

of physicians evaluating fictitious cases of young children with high, 
moderate and low probability of AHT, (b) to what extent physicians were 
guided by certain physical injuries and the presence or absence of 
risk factors for abuse, (c) the behaviour in reporting the cases to child 
protection services or legal institutions, and (d) if physicians had an 
accurate idea of their own competence in the interpretation of injuries. 
Our hypothesis was that the presence or absence of risk factors for 
abuse would significantly contribute to whether a case would be 
deemed suspicious and reported to child protection services or legal 
institutions.

Methods
The PediBIRN-7 tool is a clinical prediction rule that predicts the 
likelihood of AHT, based on the presence or absence of seven different 
clinical variables, being (a) respiratory compromise, (b) bruising involving 
ear, neck or torso, (c) bilateral or intrahemispheric subdural haemorrhage 
or fluid collection, (d) a complex skull fracture, (e) fractures on skeletal 
survey that are suspicious for abuse, (f) moderate to extensive retinal 
haemorrhages or retinoschisis and (g) brain hypoxia, ischaemia or 
swelling (14). The tool was designed using prospectively captured data 
of 500 children aged zero to three years with acute head injury who 
were admitted to a paediatric intensive care unit. Children with motor 
vehicle collisions were excluded. Applying a mean probability threshold 
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brain injury, and thus recognition of AHT by these physicians is of 
great importance, they were the focus of our study. Between February 
and July 2022 the departments of their specialities at the Antwerp 
University Hospital and their Flemish professional associations 
were contacted with a link to the survey, which was forwarded to 
their members, with a subsequent reminder email. A link was also 
shared on their social media groups. Participation in the survey was 
anonymous and voluntary. The Ethics Committee of the Antwerp 
University Hospital granted a waiver for this study (EC reference 
number 2023-5426).

An important goal of our study was to evaluate whether the 
physician´s assigned probability score of abuse was congruent 
with the calculated probability by the PediBIRN-7 tool (14). In our 
survey only round numbers from 0 to 5 could be chosen as response 
options for the probability score for inflicted skull-brain injury (“how 
likely do you think the option of inflicted skull-brain injury is in 
this case?” 0 almost non-existent - 1 very unlikely - 2 unlikely - 3 
likely - 4 very likely - 5 almost certain). We considered a score of 
4 or 5 in the cases with high probability, 2 or 3 in the cases with 
moderate probability and 0 or 1 in the cases with low probability of 
AHT as a “correct” assessment, hence a probability score that was 
congruent with the calculated probability by the PediBIRN-7 tool.  
Possible differences in correct assessment between the different 
physician subgroups were evaluated using the Mann-Whitney U-test. 
The influence of the presence of risk factors for abuse on the assigned 
probability score for abuse was evaluated using the Wilcoxon Signed 
Rank test. We assumed that the categories of the AHT probability 
score were equidistant and described the results as mean and 95% CI 
of the mean. We also investigated whether physicians who considered 
themselves more competent in diagnosing inflicted injuries scored 
better in terms of the total number of correctly assessed cases via the 
Spearman correlation coefficient.

of > 0.5 to classify patients as abused, the tool has a sensitivity of 
0.73 (95% CI: 0.66-0.79) and a specificity of 0.87 (95% CI: 0.82-0.90). 
To prevent circular reasoning, the study used definitions of AHT and 
accidental head trauma without inclusion of the seven variables. Within 
the group of children with three present variables of the PediBIRN-7 tool,  
there are three subgroups with a statistical significant different 
probability of AHT: (a) children with bruising of ear, neck or torso, bilateral 
or interhemispheric subdural haemorrhage and a suspicious fracture on 
skeletal survey, with a calculated probability of AHT of 0.91 (CI 0.79-
0.97, in our study defined as “high probability of AHT”), (b) children 
with respiratory compromise, bilateral or interhemispheric subdural 
haemorrhage and moderate to extensive retinal haemorrhages, with a 
calculated probability of AHT of 0.55 (CI 0.38-0.70, in our study defined 
as “moderate probability of AHT”) and (c) children with a complex skull 
fracture, moderate to extensive retinal haemorrhages and brain hypoxia, 
ischaemia, or swelling with a probability of AHT of 0,17 (CI 0.07-0.37, 
in our study defined as “low probability of AHT”) (14). We incorporated 
each combination of variables in two hypothetical cases of a young 
child with traumatic brain injury, one with risk factors for abuse and 
one without risk factors for abuse. The PediBIRN-7 tool variables and 
risk factors for abuse that were integrated in the cases can be found in 
Table 1. Except for the variables that are mentioned above, the content 
of the hypothetical cases was written by the authors. This strategy led 
to the development of six cases (high, moderate and low probability of 
AHT, all with and without risk factors for abuse). We developed an online 
questionnaire, with introductory questions concerning the education 
and the employment of the respondent, and a self-evaluation of their 
competence to interpret injuries in children. After the presentation of 
each case, the physicians were asked to rate the probability of AHT on a 
6-point scale and their decision to report the case. 

As emergency physicians, paediatricians and forensic physicians 
have the highest probability of encountering children with traumatic 

PediBIRN-7  
variables integrated  
in the case 

Risk factors for abuse 
integrated in the case 

Correct estimation  
of probability of AHT 
of total group (n=109)  
(number, (%))

Elements suspicious  
for abuse according  
to the respondents

Reporting to child 
protective services  
or legal institutions

Case with high  
probability of AHT,  
with risk factors

Haematoma on thorax
Bilateral subdural 
haemorrhages
Rib fracture 

Large and reconstituted  
family
Excessive crying 

45 (41%) 

Social situation 41%
Crying baby 20%
Rib fracture 40%
Subdural haemorrhage 25%

No 6%
Yes 94% 

Case with high 
probability of AHT, 
without risk factors

Haematoma on scapula 
region
Bilateral subdural 
haemorrhages
Scapular fracture 

None 22 (20%)

Subdural haemorrhage 27%
Scapular fracture 21%
Later arrival mother 23%
Mother no injuries 13%

No 62%
Yes 38%

Case with moderate  
probability of AHT, 
with risk factors

Intrahemispheric subdural 
haemorrhage
Multiple retinal 
haemorrhages
Respiratory compromise 

Alcohol abuse parent
Aggressive behaviour 
parent 

5 (5%)

Alcohol and aggression 58%
Retinal haemorrhages 76%
Subdural haemorrhage 32%
Severity of injuries not 
concomitant with story 42%

No 5%
Yes 95%

Case with moderate  
probability of AHT, 
without risk factors

Bilateral subdural 
haemorrhages
Multiple retinal 
haemorrhages
Respiratory compromise 

None 42 (39%)

Retinal haemorrhages 61%
Subdural haematoma 31%
Late communication fall  
in nursery 35%
Story not congruent  
with age 11%

No 10%
Yes 90%

Case with low 
probability of AHT, 
with risk factors

Frontal skull fracture
Brain oedema
Multiple retinal 
haemorrhages 

Financial problems
Large family 

7 (6%) 
Retinal haemorrhage 58%
Social situation 18%
Financial problems 14%

No 29%
Yes 71% 

Case with low 
probability of AHT, 
without risk factors

Bilateral parietal skull 
fracture
Brain oedema
Multiple retinal 
haemorrhages 

History of prematurity* 10 (9%)
Skull fracture 17%
Retinal haemorrhages 59%
Less supervision 19%

No 31%
Yes 69%

Table 1: The PediBIRN-7 tool variables and risk factors for abuse integrated in the cases of our survey, the number and percentage of the total group of respondents that correctly 
estimated the probability of abusive head trauma (AHT) based on PediBIRN-7 tool, the elements that the respondents found suspicious for AHT, and information about whether or not the 
respondents would have reported the case. 

*This case was supposed to be a case without risk factors for abuse. The history of prematurity was accidently incorporated in the case, but is indeed a risk factor for abuse. Eight 
percent of the respondents mentioned the prematurity as a “suspicious element” for AHT in that case
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2.88 [2.67-3.09] vs. without risk factors: mean probability score 3.02 
[95% CI 2.81-3.22], p 0.179). 

The respondents assessed the abuse probability in the high probability 
case for AHT without risk factors for abuse lower than the abuse 
probability in all the moderate and low probability cases (p<0.001 
for the cases with moderate probability of AHT with and without risk 
factors; p=0.001 for the case with low probability of AHT without risk 
factors; p=0.010 for the case with low probability of AHT with risk 
factors). 

Table 2 shows, for each case, the number and percentage of physicians 
that correctly estimated the probability of AHT. Only 20% correctly 

Results
The survey was sent by email to 193 
physicians, and shared through social 
media. The survey was initiated by 159 
physicians. The results of forty-nine 
respondents who did not fully complete the 
survey were excluded. One questionnaire 
had to be excluded due to inconclusive 
demographical data of the participant, 
thus eventually 109 questionnaires were 
included. Participants were paediatricians 
(n=67; 61%), paediatric residents (n=20; 
18%), emergency physicians (n=4; 4%), 
emergency medicine residents (n=17; 
16%), and one forensic physician. Figure 
1 shows the assigned probability score 
for AHT in the different cases. Most 
physicians underestimated the probability 
of AHT in the cases with high probability of 
AHT, and overestimated the probability of 
AHT in the cases with moderate and low 
probability of AHT. 

In the cases with a high probability of 
inflicted injury, the assigned probability 
score for AHT in the case with risk factors was significantly higher 
than in the case without risk factors (with risk factors: mean probability 
score of 3.24 [95% CI 3.02 - 3.46] vs. without risk factors: mean 
probability score of 2.48 [95% CI 2.26 - 2.70], p<0.001). For the two 
cases with the “moderate” probability of AHT, we saw the same effect 
of the presence of risk factors: the assigned probability score for AHT 
in the case with risk factors was significantly higher than in the case 
without risk factors (with risk factors: mean probability score 4.40 
[95% CI 4.25-4.55] vs. without risk factors: mean probability score 
3.7 [95% CI 3.53-3.86], p<0.001). There was no significant difference 
in the assigned AHT probability scores between the two cases with 
“low” probability of abuse (with risk factors: mean probability score 

Correct estimation of 
probability of AHT - subgroup 
paediatricians (n=67) 
(number, (%))*

Correct estimation of 
probability of AHT - subgroup 
paediatric residents (n=20)
(number, (%))*

Correct estimation of 
probability of AHT - subgroup  
emergency medicine 
residents (n=17) 
(number, (%))*

Correct estimation of 
probability of AHT - subgroup 
emergency physicians (n=4)
(number, (%))*

Case with high  
probability of AHT,  
with risk factors  
for abuse

30 (45%) 5 (25%) 7 (41%) 2 (50%)

Case with high  
probability of AHT,  
without risk factors 
for abuse

14 (21%) 4 (20%) 4 (24%) 0  (0%)

Case with moderate 
probability of AHT,  
with risk factors  
for abuse

1 (1%) 0 (0%) 4 (24%) 0 (0%)

Case with moderate 
probability of AHT, 
without risk factors  
for abuse

22 (33%) 15 (75%) 5 (29%) 0 (0%)

Case with low  
probability of AHT,  
with risk factors  
for abuse

5 (7%) 2 (10%) 0 (0%) 0 (0%)

Case with low  
probability of AHT, 
without risk factors  
for abuse

6 (9%) 0 (0%) 4 (24%) 0 (0%)

Table 2: Number and percentage of four subgroups of respondents (paediatricians, residents paediatrics, emergency physicians and residents emergency medicine)  that correctly 
estimated the probability of AHT based on PediBIRN-7. 

* There was no significant difference between the residents on one hand (paediatrics and emergency medicine, n=37) and the specialists on the other hand (paediatrics and emergency 
medicine, n=71) (mean number of correctly assessed cases 1.34 (95% CI 1.07-1.62) versus 1.12 (95% CI 0.88-1.35),  p-value 0.619), or the paediatric residents and paediatricians 
on one hand (n=87) and the emergency medicine residents and emergency physicians on the other hand (n=21) (mean number of correctly assessed cases 1.18 (95% CI 0.98-1.39) 
versus 1.24 (95% CI 0.83-1.64), p-value 0.909).  

Figure 1: The assigned probability score for abusive head trauma (AHT) per case. The black columns represent 
the probability scores that were congruent with the calculated probability according to the PediBIRN-7 study [15] 
(see section methods for more information).
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between the respondent’s number 
of correctly assessed cases and the 
estimation of their own competence. 

Discussion
The probability of AHT was 
underestimated by physicians in the 
cases with high probability of AHT, 
and overestimated in cases with 
moderate and low probability of AHT, 
when this probability was compared 
to the calculated probabilities of AHT 
based on the PediBIRN-7 tool (14). 
This means that the physicians in 
our survey tended to give moderate 
probability scores rather than extreme 
values. A reason behind these findings 
could be a lack of knowledge of intra- 
and extracranial injuries in children 
with AHT and accidental head trauma. 
However, it also possibly represents 
the difficulty for clinicians to handle 
the uncertainties and nuances of 
assessing histories, risk factors and 
concomitant injuries, and the potential 

risks of a conclusion at either end of the spectrum of accidental 
or abusive head injury. The four cases with moderate and low 
AHT probabilities all showed retinal haemorrhages (RH), while the 
two cases with high probability of AHT did not. It is possible that 
physicians overestimate the negative and positive predictive value 
of RH and falsely conclude that “without RH AHT can be ruled out”, 
and “with RH AHT is present”. This hypothesis is concomitant with 
the study by Laskey et al., which showed that the clinicians´ opinion 
of the aetiology of an injury was affected by the single additional 
finding of retinal haemorrhages, changing the majority response 
from undetermined to inflicted traumatic brain injury (13). In our 
cases with RH, 58-76% of physicians reported the presence of RH 
as a suspicious factor for AHT. A meta-analysis in children less 
than three years old with intracranial injury showed that retinal 
haemorrhages are indeed suspicious for AHT, but that they can 

classified the case with the high probability of AHT without risk factors 
for abuse, which means that 80% of the respondents underestimated 
the probability of AHT in this case. When the total number of correctly 
assessed cases was compared between the four larger subgroups 
of respondents, we found no significant differences, see Table 2. 
Belgian law states that reporting cases suspicious of child abuse 
is not obligated, but that in case of severe and threatening danger 
professional secrecy can be overruled. In all cases except the case with 
moderate probability of AHT with risk factors, there was an association 
between the probability score for AHT and the reporting of the case 
to child protective services or legal institutions (see Table 3). In other 
words: when the physician deemed AHT more probable, the threshold 
to report the case became lower.

In our survey, the respondents were asked to rate their own competence 
regarding child abuse. Figure 2 shows that there was no correlation 

Mean probability score for AHT  
in group physicians that do not 
report the case  (95% CI)  
(N = number of respondents*)

Mean probability score for AHT  
in group physicians that report  
the case (95% CI)  
(N = number of respondents*)

P-value

Case with high probability for AHT,  
with risk factors 

1.79 (1.22 – 2.35)  
(N = 14*)

3.47 (3.27 – 3.68).  
(N = 93) p < 0.001

Case with high probability for AHT, 
without risk factors

1.92 (1.70 – 2.15)  
(N = 66)

3.40 (3.11 – 3.70)  
(N = 42) p < 0.001

Case with moderate probability for AHT, 
with risk factors 

4.17 (2.94 – 5.39)  
(N = 6)

4.42 (4.27 – 4.57)  
(N = 102) p = 0.75

Case with moderate probability for AHT, 
without risk factors

3.00 (2.33 – 3.67)  
(N = 11)

3.76 (3.58 – 3.93)   
(N = 95) p = 0.010

Case with low probability for AHT,  
with risk factors 

2.00 (1.77 – 2.23)  
(N = 31)

3.24 (3.00 – 3.48)  
(N = 75) p < 0.001

Case with low probability for AHT, 
without risk factors 

2.18 (1.94 – 2.42)  
(N = 33)

3.38 (3.14 – 3.62)  
(N = 74) p < 0.001

Table 3: Comparison of the assigned probability score for AHT between physicians who would not report the case and physicians who would report the case. 

* There was no significant difference between the residents on one hand (paediatrics and emergency medicine, n=37) and the specialists on the other hand (paediatrics and emergency 
medicine, n=71) (mean number of correctly assessed cases 1.34 (95% CI 1.07-1.62) versus 1.12 (95% CI 0.88-1.35),  p-value 0.619), or the paediatric residents and paediatricians 
on one hand (n=87) and the emergency medicine residents and emergency physicians on the other hand (n=21) (mean number of correctly assessed cases 1.18 (95% CI 0.98-1.39) 
versus 1.24 (95% CI 0.83-1.64), p-value 0.909).  

Figure 2: Bubble plot of the correlation between the number of correctly assessed cases of children with acute head 
injury and the estimation of own competence in child abuse (Spearman correlation 0.12, p = 0.55). The magnitude of 
the bullets represents the number of respondents. The dotted line in the figure shows the trend of the results if there 
were to be a correlation.
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the judgement of the case. It is also unknown whether the social 
risk factors that we integrated in the cases were present in the 
PeriBIRN-7 cohort. However, the risk factors that we chose to 
integrate in our cases are widely present in the community (large  
and reconstituted family, excessive crying, financial problems, 
substance abuse, aggressive behaviour), which makes us assume  
that they were also present in the PediBIRN-7 cohort. Statistically, 
it was unfortunately impossible to examine which factor weighed 
heavier in the assessment of the physicians; the history and  
therefore a certain credibility of the case, the presence or absence  
of social risk factors, or the potential knowledge of the literature. 
While it would have been possible to create cases with partly 
overlapping histories, risk factors for abuse and injures, this would 
have required at least a doubling of the sample size, which would 
have presented a challenge. 

Overall, our study shows that physicians consider both trauma 
history and social history while assessing AHT probability, and that 
the combination of these findings cause them to have substantially 
different assessments of abuse likelihood than the signs and symptoms 
considered alone. Paediatrics is a holistic specialty, and considering 
the social context of the child is crucial. However, we believe it is 
contributory to realize that the social context of a child with injuries 
can potentially guide us towards an incorrect interpretation of the 
injuries. It is clear that both under- and overestimation of child abuse 
come with risks. Under-estimation causes the risk of continued abuse 
and harm and delayed intervention, while overestimation leads to loss 
of the trust relationship between physician and parent, unwarranted 
investigations, and unnecessary psychological and emotional impact 
on the children and their families. The question is how to minimize the 
risk of over- and underestimating child abuse, and how to minimize the 
bias in the suspicion and reporting of child abuse. Additional training 
for physicians who could encounter inflicted injuries in children seems 
recommended. In the United States, there is a specific subspecialisation 
for paediatricians called Child Abuse Paediatrics. In the Netherlands the 
subspecialty of social paediatrics exists, where paediatricians focus on 
the bio-psycho-social determinants as either causes or consequences 
of health issues. Such trainings or subspecialties do not currently exist 
in Belgium, for neither paediatricians or emergency physicians. 

The existence of a multidisciplinary child abuse team or child 
abuse paediatrician can also possibly help to minimalize the risk of 
over- and underestimation of child abuse: a previous study showed 
that multidisciplinary child abuse teams can reduce unwarranted 
referral to child protective services or police, or temporary out-of-
home placements (17). However, it is not feasible to establish such 
multidisciplinary teams in every hospital in Belgium. Similar to the 
Sexual Assault Centres in our country, we would like to advocate for 
the establishment of a national reference centre for the interpretation 
of injuries in children in our country, where cases can be presented to 
a multidisciplinary team with experience regarding child abuse. In the 
Netherlands the Dutch expertise centre for child abuse prove to be of 
significant added value in the accurate assessment of inflicted injuries 
in children (18). 

Conclusion
In cases of young children with brain injury, most paediatricians and 
emergency physicians underestimated the probability of AHT in cases 
with a high probability of AHT, especially in the absence of risk factors 
for abuse, and overestimated the probability of AHT in cases with a 
moderate or low probability of AHT, especially in the presence of risk 
factors for abuse. Our survey showed that the presence or absence of 
risk factors seemed to play a more important role in the assessment of 
the aetiology of head injury, and possibly also in the referral of possible 
child abuse cases, than the presence of injuries that have a high 
specificity for AHT or accidental head injury. We recommend routine 
child abuse evaluation of all young children with acute brain injury, 
not only cases that are found suspicious. We believe the results of our 
study contribute to the need to develop a national reference centre for 
the interpretation of injuries in children.

also be the result of accidental trauma (6). The interpretation of 
the presence or absence of retinal haemorrhages should depend 
on other injuries or circumstances in the patient, as well as on the 
different degrees and descriptors of the retinal haemorrhages (6).

The presence of risk factors for abuse effectively increases the probability 
of abuse; this is of course the consequence of a risk factor. In our 
survey, the presence of risk factors for abuse increased the physician´s 
estimation of AHT probability in the cases with a high and moderate 
probability of AHT, but not in the cases with “low” probability of AHT. This 
was possibly due to the fact that a risk factor for abuse (prematurity) was 
accidently incorporated in the low probability case that was supposed to 
be without risk factors. Although the cases with risk factors had multiple 
risk factors, it is possible that the presence of the prematurity influenced 
the physicians: eight percent of the respondents indeed mentioned the 
prematurity as a “suspicious element” for AHT in that case. 

In our survey, AHT was overestimated in cases with risk factors, and 
underestimated in cases without risk factors for abuse. The case 
with a high AHT probability without risk factors for abuse was found 
less suspicious for AHT than the case with moderate (and even low) 
probability of AHT with risk factors. In other words: the combination 
of high-risk injuries was not interpreted as high risk in the absence of 
risk factors. A remarkable finding in our study was that in the cases 
with a high probability of AHT only 38% of physicians reported the 
case without risk factors to official authorities, while 94% of physicians 
reported the case when there were multiple risk factors. This could 
mean that not only in the assessment of the probability of AHT, but also 
in the decision of reporting a case, the presence or absence of risk 
factors for abuse plays a more important role for the physician than 
the presence of injuries with a high specificity for AHT or accidental 
head trauma. A recent study indeed showed that biases based on 
socioeconomic status and social factors may impact the decision to 
refer to child protective services (15). 

Our study has several limitations. The sample size was small. A recent 
study that was probably performed in the same time frame as our study, 
that presented four cases of head injury to physicians with interest 
in the subspecialty of child abuse showed both within and between 
subspecialty diagnostic variability (16). The original aim of our study 
to compare the diagnostic variability of paediatricians, emergency 
physicians, forensic physicians and their residents was not fully possible 
due to small numbers in certain subgroups. Our survey did not provide 
information about the training and experience of the respondents, which 
makes it impossible to examine the possible influence of duration of 
practice and experience of the physician on the recognition of abuse. 
Also, the respondents were self-selected, which could be a risk for bias. 
Furthermore, the artificial surrounding of a survey with fictitious cases 
and limited information makes its applicability to real life limited: even 
a slightly different design could yield different judgements. Although the 
cases were carefully developed and discussed with a co-author of the 
original PediBIRN-7 tool, they were not internally validated by a broader 
expert panel, which could have added value (14).

The unvalidated 6-point probability score, and the artificial categorization 
into a low, intermediate and high risk score for AHT that we used, has 
its drawbacks, including potential response bias, oversimplification of 
nuanced opinions, and difficulty in interpreting differences between 
adjacent score points. However, in a survey as ours, it seems impossible 
to work without an intuitive score.

Prediction rules such as the PediBIRN-7 tool are developed to 
provide an estimation of the probability of AHT, based on a certain 
combination of clinical findings. They should not be considered a 
sufficient foundation upon which to base expert medical opinion. 
The PediBIRN-7 tool does not account for the presenting history 
or familial psychosocial risk factors. History is very important in 
assessing abuse likelihood, and in our cases the histories varied. It 
is unknown if the types of trauma that we presented in our survey 
were representative for the history given in the 500 true cases of 
the PediBIRN-7 study. Also, different histories have different levels 
of credibility, and the judged credibility of the history will influence 
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Le pouvoir de réduire 
le chaos lié au VRS.

 Ce médicament fait l’objet d’une surveillance supplémentaire qui permettra l’identification rapide de 
nouvelles informations relatives à la sécurité. Les professionnels de la santé déclarent tout effet indésirable 
suspecté. Voir rubrique 4.8 pour les modalités de déclaration des effets indésirables. DÉNOMINATION DU 
MÉDICAMENT Beyfortus 50 mg solution injectable en seringue préremplie. Beyfortus 100 mg solution 
injectable en seringue préremplie. COMPOSITION QUALITATIVE ET QUANTITATIVE Beyfortus 50 mg solution 
injectable en seringue préremplie : Chaque seringue préremplie contient 50 mg de nirsévimab dans 0,5 mL 
(100 mg/mL). Beyfortus 100 mg solution injectable en seringue préremplie Chaque seringue préremplie 
contient 100 mg de nirsévimab dans 1 mL (100 mg/mL). Le nirsévimab est un anticorps monoclonal humain 
de type immunoglobuline G1 kappa (IgG1κ) produit dans des cellules d’ovaires de hamster chinois (CHO) par 
la technologie de l’ADN recombinant. Pour la liste complète des excipients, voir rubrique 6.1. FORME 
PHARMACEUTIQUE Solution injectable. Solution limpide à opalescente, incolore à jaune, de pH 6.0. 
INDICATIONS THÉRAPEUTIQUES Beyfortus est indiqué pour la prévention des infections des voies 
respiratoires inférieures dues au virus respiratoire syncytial (VRS) chez les nouveau-nés et les nourrissons au 
cours de leur première saison de circulation du VRS. Beyfortus doit être utilisé conformément aux 
recommandations officielles en vigueur. POSOLOGIE ET MODE D’ADMINISTRATION Posologie La dose 
recommandée est une dose unique de 50 mg administré par voie intramusculaire pour les nourrissons dont 
le poids est <5 kg et une dose unique de 100 mg administré par voie intramusculaire pour les nourrissons 
dont le poids est ≥5 kg. Beyfortus doit être administré avant le début de la saison d’épidémie à VRS, ou dès la 
naissance chez les nourrissons nés au cours de la saison d’épidémie à VRS. La posologie chez les nourrissons 
dont le poids est compris entre 1,0 kg et 1,6 kg est basée sur une extrapolation, aucune donnée clinique n’est 
disponible. L’administration du traitement chez les nourrissons de moins de 1 kg est susceptible d’entraîner 
une exposition plus élevée que chez les nourrissons pesant plus de 1 kg. Par conséquent, les bénéfices et les 
risques de l’utilisation du nirsevimab chez les nourrissons de moins de 1 kg doivent être soigneusement 
évalués. Les données disponibles sont limitées chez les enfants extrêmement prématurés âgés de moins de 
8 semaines (âge gestationnel [AG] < 29 semaines). Il n’y a pas de données cliniques disponibles chez les 
nourrissons dont l’âge post-menstruel (âge gestationnel à la naissance + âge chronologique) est inférieur 
à 32 semaines (voir rubrique 5.1). Chez les nourrissons devant subir une chirurgie cardiaque avec circulation 
extracorporelle, une dose supplémentaire peut être administrée dès que le nourrisson est stable après 
l’intervention, afin de garantir des taux sériques de nirsévimab adaptés. Si l’intervention a lieu dans les 
90 jours suivant l’administration de la première dose de Beyfortus, la dose supplémentaire doit être de 50 mg 
ou 100 mg selon le poids. Au-delà de 90 jours, la dose supplémentaire peut être une dose unique de 50 mg 
indépendamment du poids, afin de couvrir le reste de la saison de circulation du VRS. Il n’y a pas de données 
disponibles sur la sécurité et l’efficacité d’une administration répétée. La sécurité et l’efficacité du nirsévimab 
chez les enfants âgés de 2 à 18 ans n’ont pas été établies. Aucune donnée n’est disponible. Mode 
d’administration Beyfortus doit être administré uniquement par voie intramusculaire. Il doit être administré 
par voie intramusculaire, de préférence dans la partie antérolatérale de la cuisse. Le muscle fessier ne doit pas 
être utilisé systématiquement comme site d’injection en raison du risque de lésion du nerf sciatique. 
Instructions relatives à l’administration Beyfortus est disponible sous la forme d’une seringue préremplie de 
50 mg et d’une seringue préremplie de 100 mg. Vérifier les étiquettes collées sur l’emballage extérieur et sur 
la seringue préremplie pour vous assurer d’avoir choisi la présentation correcte requise de 50 mg ou de 
100  mg. Seringue préremplie de Beyfortus 50 mg (50 mg/0,5 mL) avec tige de piston violette. Seringue 
préremplie de Beyfortus 100 mg (100 mg/1 mL) avec tige de piston bleue clair. Étape 1 : En tenant le Luer Lock 
d’une main (éviter de tenir la tige du piston ou le corps de la seringue), dévisser le capuchon de protection de 
la seringue en le tournant dans le sens antihoraire avec l’autre main. Étape 2 : Fixer une aiguille sur la seringue 
préremplie en tournant délicatement l’aiguille, dans le sens horaire sur l’embout Luer Lock de la seringue 
préremplie, jusqu’à rencontrer une légère résistance. Étape 3 : En tenant le corps de la seringue d’une main, 
tirer délicatement sur le capuchon protecteur de l’aiguille avec l’autre main pour l’enlever. Ne pas tenir la tige 

du piston pendant le retrait du capuchon protecteur de l’aiguille, au risque de déplacer la butée en 
caoutchouc. Ne pas toucher l’aiguille et ne pas la mettre en contact avec une surface. Ne pas remettre 
le capuchon protecteur sur l’aiguille et ne pas retirer l’aiguille de la seringue. Étape 4 : Administrer tout le 
contenu de la seringue préremplie en injection intramusculaire, de préférence dans la face antérolatérale de 
la cuisse. Le muscle fessier ne doit pas être utilisé systématiquement comme site d’injection en raison du 
risque de lésion du nerf sciatique. CONTRE-INDICATIONS Hypersensibilité à la substance active ou à l’un des 
excipients mentionnés à la rubrique 6.1. EFFETS INDÉSIRABLES Résumé du profil de tolérance L’effet 
indésirable le plus fréquent était les éruptions cutanées (0,7 %) survenues dans les 14 jours suivant 
l’administration. La majorité des cas étaient d’intensité légère à modérée. De plus, une pyrexie et des 
réactions au site d’injection ont été rapportées à un taux respectif de 0,5 % et 0,3 % dans les 7 jours suivant 
l’administration. Les réactions au site d’injection étaient non graves. Liste des effets indésirables La liste  
ci-dessous présente les effets indésirables rapportés chez 2 966 nourrissons nés à terme et prématurés 
(AG ≥29 semaines) ayant reçu du nirsévimab dans le cadre d’essais cliniques. Les effets indésirables rapportés 
au cours des essais cliniques contrôlés sont répertoriés par classe de systèmes d’organes (SOC) MedDRA. Au 
sein de chaque SOC, les termes préférentiels sont présentés par fréquence décroissante puis par gravité 
décroissante. La fréquence de survenue de chaque effet indésirable est définie comme suit : très fréquent 
(≥1/10) ; fréquent (≥1/100 à <1/10) ; peu fréquent (≥1/1 000 à <1/100) ; rare (≥1/10 000 à <1/1 000) ; très rare (<1/10 000) 
et fréquence indéterminée (ne peut être estimée à partir des données disponibles). Affections de la peau et 
du tissu sous-cutané • Peu fréquent - Eruptions cutanées1 1 L’éruption cutanée était définie par les termes 
préférentiels groupés suivants : rash, rash maculopapuleux, rash maculeux. Troubles généraux et anomalies 
au site d’administration • Peu fréquent - Réaction au site d’injection2 ; Pyrexie 2 La réaction au site d’injection 
était définie par les termes préférentiels groupés suivants : réaction au site d’injection, douleur au site 
d’injection, induration au site d’injection, oedème au site d’injection, gonflement au site d’injection. 
Nourrissons avec un risque plus élevé d’infection sévère par le VRS La sécurité d’emploi a également été 
évaluée dans l’essai MEDLEY chez 918 nourrissons à risque plus élevé d’infection sévère par le VRS, dont 
196 très grands prématurés (AG <29 semaines) et 306 nourrissons porteurs de maladie pulmonaire chronique 
ou d’une cardiopathie congénitale hémodynamiquement significative pendant leur première saison 
d’épidémie à VRS, qui ont reçu du nirsévimab (614) ou du palivizumab (304). Le profil de sécurité était 
comparable à celui du comparateur palivizumab et cohérent avec le profil de sécurité chez les nourrissons 
nés à terme et prématurés d’AG ≥29 semaines (essais D5290C00003 et MELODY). Immunogénicité Comme 
avec toutes les protéines thérapeutiques, il existe un potentiel d’immunogénicité. Déclaration des effets 
indésirables suspectés La déclaration des effets indésirables suspectés après autorisation du médicament 
est importante. Elle permet une surveillance continue du rapport bénéfice/risque du médicament. Les 
professionnels de santé déclarent tout effet indésirable suspecté via : Belgique: Agence Fédérale des 
Médicaments et des Produits de Santé – Division Vigilance – Boîte Postale 97 – 1000 Bruxelles Madou – Site 
internet: www.notifieruneffetindesirable.be – e-mail: adr@afmps.be Luxembourg: Centre Régional de 
Pharmacovigilance de Nancy ou Division de la pharmacie et des médicaments de la Direction de la 
santé – Site internet : www.guichet.lu/pharmacovigilance TITULAIRE DE L’AUTORISATION DE MISE SUR LE 
MARCHÉ Sanofi Winthrop Industrie, 82 avenue Raspail, 94250 Gentilly, France NUMÉRO(S) D’AUTORISATION 
DE MISE SUR LE MARCHÉ EU/1/22/1689/001 50 mg, 1 seringue préremplie à usage unique EU/1/22/1689/002 
50 mg, 1 seringue préremplie à usage unique avec aiguilles EU/1/22/1689/003 50 mg, 5 seringues préremplies 
à usage unique EU/1/22/1689/004 100 mg, 1 seringue préremplie à usage unique EU/1/22/1689/005 100 mg, 
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Introduction
When a physician uses an empathetic, patient-centred communication 
style, this results in a better patient-physician relationship and more 
engagement of the patient in her/his own therapy, which in turn leads 
to better patient adherence and health outcomes (1-2). Studies have 
shown that this also applies to children and that good physician-child 
communication, educating the child and letting him/her participate in 
decision-making, results in better compliance and quality of life (3-4). 

Patient-centred communication is more complicated when the patient is 
a child. For one thing, children have a different understanding of health 
and illness than adults and their understanding changes with the different 
developmental stages they go through (5-8). For another, physicians may 
not be familiar with a child’s level of cognitive understanding, due to age-
related differences (3-5, 9-10). Furthermore, physicians do sometimes 
underestimate or overestimate their patient’s age, leading to potential 
communication barriers [10]. Based on a study of children’s conceptual 
development of illness, Perrin and Perrin concluded that healthcare 
professionals are often unaware of children’s knowledge about health and 
illness and that more than half of their age estimates were incorrect (6).

To understand what can be expected of children in terms of their 
understanding of concepts at a particular age, it is useful to turn to 
Jean Piaget’s seminal theory of cognitive development (5). In his theory 
of how formal thought develops, Piaget defined four stages of cognitive 
development in children (5, 11-12). In the sensorimotor stage (birth-age 
2), children use their senses to explore the world and they understand 
object constancy. Children in the preoperational stage (age 2-7) are 
egocentric and name things with words, but they lack logical reasoning. 

They start to develop speech and over-focus on visual aspects. Actions 
are now not only purely motor and perceptual but also mental. In the 
concrete operational stage (age 7-11), children start to think more 
logically about concrete events and they develop reflection as they think 
before acting. They become less egocentric and can dissociate their 
point of view from that of others. In the final stage, formal operational 
(age 11+), children can think and reason abstractly. 

The aim of this study is to deepen our understanding of the knowledge 
of primary schoolchildren (ages 7 and 11-12) about the semantics of 
three health symptoms, namely fever, abdominal pain, and cough. This 
study is the first to assemble baseline data on children’s views of fever, 
abdominal pain, and cough in Flanders. It not only assesses the children’s 
perspectives of illness aetiology, as was done in previous studies, but 
also at the broader semantic domain associated with these illnesses 
(13). Its results want to serve healthcare providers to improve the child-
directed nature of their communication. It is only when a child can explain 
its symptoms well and understand the physician’s explanations about 
the aetiology and pathophysiology of the disease, that patient-centred 
medical decisions can be made. We anticipate that the participants’ 
understanding of illness will increase with age, and therefore a difference 
will be seen between the younger and older participants. 

Design and methods
Sample
The target population consisted of two cohorts of Flemish schoolchildren 
from the second (7-year-olds) and sixth (11-12-year-olds) year of primary 
education. School principals were invited by e-mail to participate in the study, 

Keywords
Primary school, language development, health literacy, illness symptoms, patient-centered.

Abstract
Objective 

Good physician-patient communication leads to better patient outcomes, but this is less evident when communicating with a child. This investigation aimed to 
describe primary schoolchildren's perceptions of common illness symptoms in order to establish a baseline for healthcare communication with children.

Methods 

Data were collected through semi-structured group interviews in ten primary schoolclasses in Flanders, five in the second and five in the sixth year. The interview 
guide included questions about the definition, causes, symptoms, treatment, and dangerousness of fever, abdominal pain, and cough.

Results 

Participants from the second and sixth years of primary education gave roughly the same answers. Sixth-year participants did have more specific knowledge and 
used more details, practical examples, and anecdotes. Second-year participants had more misconceptions, mostly influencing their ideas about the causes and 
dangers of illnesses.

Conclusion 

Children do have quite elaborate ideas about fever, cough, and abdominal pain when asked to comment on symptoms, causes, treatments, and dangers. No major 
differences were found between second-year and sixth-year participants with respect to Piaget’s levels of cognitive development. Healthcare professionals working 
with children can and should consider children’s perceptions in their consultations to enhance the effectiveness of care.
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resulting in the inclusion of two schools. In Belgium, grade and year are 
equal to each other (second grade is equal to second year). The first school 
is a public Catholic school located in a village. Of all the schoolchildren, 
8% speak another language at home and 1% come from neighbourhoods 
with delayed education (14). The second school is also a public Catholic 
school located in a medium-sized city. About 13% of the schoolchildren 
speak another language at home and 1/3rd of the children come from a 
neighbourhood with delayed education. 166 participants from ten classes 
took part in a focus group interview (one per class). 

Topic selection
We based the selection of our topics on the frequency of symptoms in 
paediatric healthcare. As can be seen from Table 1, studies reported 
that the most frequently returning symptoms include general symptoms 
(including fever), respiratory symptoms, digestive symptoms, ear problems, 
skin problems, orthopaedics and trauma, musculoskeletal problems, and 
headaches (15-19). Since these studies reported that general symptoms, 
such as abdominal problems and respiratory tract symptoms are frequently 
recurring symptoms in children, fever, abdominal pain, and cough were 
chosen as the topics to be addressed in the focus group interviews. 

Data collection
Ten semi-structured class interviews, all conducted by the first author, 
formed the basis of the data collection. The data were collected in April 
2023. We decided to use basic questions to get an overview of the 
children’s knowledge and because we had limited time per class. As can 
be seen from the interview schedule in Appendix A, questions concerned 
the definition, symptoms, and causes of the illnesses, wether the illness 
could be dangerous, what the children do when they get sick, what a 
doctor can do when you are sick, which medications one can take, etc. 
In all classes, the same preset questions were asked, but there was also 
room for spontaneous input from the participants’ side. Interviews lasted 
approximately 50 minutes.

Before the start of the interviews, the children and parents received an 
information letter explaining the purpose of the study, benefits and risks, 
the anonymity of the participants, voluntary participation, and the purpose 
of recording the interviews. The parents were required to complete a 
consent form beforehand. Only children with parental consents were 
allowed to participate in the interviews. The study was approved by the 
Research Ethics Committee UZ/KU Leuven (MP023419). 

Data analysis
The interviews were transcribed from the recordings, and all transcripts 
were anonymized. Two researchers (AF, JT) performed independent 
coding of transcripts. In the first step of the coding process (open 
coding) the data were summarized, and concepts were constructed 
into a preliminary coding framework. In the second step (axial coding) 
general themes were defined based on the identified concepts. The third 
step (selective coding) confirmed the associations that were made in the 
first or second step by examining the categories and data that had been 
included and omitted across all interviews. A 100% interrater reliability 
was achieved after discussing some minor differences in the initial coding 
steps. Quotations were matched to the different themes and translated 
from Dutch into English. To create an overview of the results, a table 
with the most important findings was drawn up. 

Results
Overall findings
Overall, we found no major differences between the answers from both 
age groups for the three health symptoms (Table 2). All children had 
experienced the three symptoms in the past and agreed that everyone 
can experience those illnesses. 

The definitions and causes of the illnesses that the participants from the 
second and the sixth year of primary education reported were mostly the 
same, but the children from the older group had more specific knowledge, 
used more details, and provided more practical examples and anecdotes. 
The more detailed answers usually came from children who had a close 
personal (or familial) experience with medical problems. E.g., children 
and relatives who have had appendicitis, an aunt who is gluten intolerant, 
a father who has had kidney stones, etc. Another observation from the 
interviews was the lingering influence of the COVID-19 pandemic: at 
least one child in nine out of ten classes mentioned COVID-19 as the 
cause of an illness or a COVID test as one of the things a doctor can do. 
Illustrative quotes can be found in Table 3. 

Specific findings
Fever

Knowledge. Both second and sixth-year children came up with the 
same definition: ‘a body temperature higher than normal’. When 
asked what they felt during a fever, most participants in both age 

Table 1: Summary of studies researching the most commonly addressed childhood illnesses/symptoms. 

ARTICLE COUNTRY  
OF STUDY

AGES OF 
PARTICIPANTS

RESEARCH  
SUBJECT RESULTS

Workload and management 
of childhood fever at general 
practice out-of-hours care: an 
observational study (18)

The Netherlands 0-12 years old
Number of childhood fever 
related contacts during 
out-of-hours care

31.1%

Diagnostic scope in out-of-
hours primary care services in 
eight European countries: an 
observational study (19)

Belgium, Denmark, 
Germany, the Netherlands, 
Norway, Slovenia, Spain, 
Switzerland

0-17 years old 
Top five symptoms and 
diagnoses in out-of-hours 
primary care

Respiratory, digestive, 
general and unspecified, 
ear, skin

The frequency distribution 
presenting symptoms in children 
aged six months to six years to 
primary care (20)

United Kingdom 6 months – 6 years
Top five presenting 
symptoms in primary care 
organisations

Respiratory, orthopaedics 
and trauma, skin, 
gastrointestinal, non-
specific symptoms

Everyday symptoms in 
childhood: occurrence and 
general practitioner consultation 
rates (21)

The Netherlands 0-14 years old Top five occurring 
symptoms

Colds/flu, respiratory, 
diarrhoea, 
musculoskeletal, 
headaches

Medical problems presenting 
to paediatric emergency 
departments: 10 years on (22)

United Kingdom 0-15 years old Top six symptoms in the 
emergency department

Breathing difficulty, febrile 
illness, diarrhoea and 
vomiting, rash, cough, 
abdominal pain 
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Table 2: Overview of the results of the interviews, second year and sixth year separated.

SECOND YEAR SIXTH YEAR

Fever

Knowledge

- Definition A temperature of more than 37°C-40°C A temperature of more than 37°C-38°C

- Symptoms
Alternating hot and cold, headache, abdominal pain, not able to eat, 
nausea/vomiting, nose bleed, ill feeling, cough, flu, sore throat, being pale, 
fatigue, stuffed nose

Alternating hot and cold, headache, fatigue, abdominal pain, ill feeling, 
stuffed nose, nausea/vomiting, muscle pain, sore throat, being pale, shocking

- Causes Not dressing arm enough in cold weather, eating something wrong/raw/
mouldy, bacteria, viruses, cancer

Bacteria, not dressing warm enough in cold weather, flu, viruses, cold, eating 
something wrong, walking barefoot, someone sneezing on you 

- Actions Resting, taking medication, drinking soup/water/tea, placing something 
cold on forehead, measuring fever, going to the doctor

Resting, taking medication, going to the doctor, drinking hot beverages, 
drinking cola/water, measuring fever, icepack on the forehead, not dressing 
too hot

- Dangerous? When fever is too high, the elderly, babies, transferable to other people When fever is too high, the elderly, babies, underlying disease

- Medication Ibuprofen, paracetamol, antibiotics Ibuprofen, paracetamol, paracetamol-codeine, cough syrup, antibiotics

- Doctor visit Prescribing medication, examining belly, examining throat, listening to 
heart/lungs, measuring fever, examining ears, measuring blood pressure

Examining throat/ears, listening to heat/lungs, measuring fever, examining 
belly, prescribing medication, covid test

Misconceptions

- Definition A temperature ranging from 15°C to 70°C

Dressing too hot, a temperature difference between the body and 
surroundings, eating something you do not like, a big time difference

- Causes Dressing too hot, eating too much candy, not changing your bed sheets

- Dangerous Suffocation, you could get covid/cancer/burning wounds, you cannot eat 
anything anymore

- �Can everyone 
get it?

People who eat a lot of vegetables or people who received a shot against 
it cannot have fever

Abdominal pain

Knowledge

- Definition Stomach pain, cramps, pressure on the belly, nausea/vomiting, the urge 
to go to the toilet, the feeling that someone kicked in your belly

Stomach pain, cramps, pressure on the belly, rumbling stomach, vomiting, 
headache

- Causes

Eating too much / too fast / too little / unhealthy, eating something bad 
/ raw / past date, food intolerance, being in the car, drinking too much 
water, breathing fast, illness, appendicitis, constipation, poisonous spiders, 
bacteria, viruses, allergies, someone kicking in your belly

Eating too much / too fast / too little / unhealthy, eating something bad 
/ raw / past date, bacteria, stress, allergies, eating things that do not 
fit together after each other, having it too hot, drinking too much water, 
viruses, constipation, appendicitis, someone kicking in your belly, taking too 
much medication, menstruation, tapeworm, flu, animals carrying diseases, 
giving birth

- Actions Taking medication, resting, going to the doctor, drinking cola, pressing in 
your belly, going to the toilet

Resting, finding a comfortable position, taking medication, going to the toilet, 
going to the doctor, drinking water / soup / cola, hot water bottle, vomiting

- Dangerous? If it doesn’t go away, the elderly and babies, if you have to go to the 
hospital, appendicitis, if you cannot eat anymore

If it doesn’t go away, if you have to go to the hospital / get surgery, 
appendicitis, the elderly, tapeworm, kidney stones, underlying disease

- Medication Paracetamol Paracetamol, macrogol, ibuprofen, antibiotics

- Doctor visit Prescribe medication, examine throat / ears, examine belly / heart / lungs, 
draw blood

Examine belly / heart / lungs / throat / ears / give medication, examine urine, 
draw blood, perform ultrasound

Misconceptions

- Causes Eating something you do not like

- Dangerous? You can get covid and / or cancer from it and die

Cough

Knowledge

- Symptoms Tremor or itch in the throat, mucus in the throat, sore / dry throat, stuffed 
nose, a feeling that something is blocking the throat

Tremor or itch in the throat, sore / dry throat, air hitting your throat very hard, 
air passing over bumps in your throat, swollen and painful tonsils

- Causes
Not dressing warm enough in cold weather, allergies, cold, choking, itch 
in the throat, dirt / mucus / dust in throat, bacteria, viruses, fever, having it 
too hot, unable to breathe well, fever, smelling something bad

Choking, cold, sore throat, mucus / dust in throat, allergies; viruses, after 
eating ice cream, after gagging, smelling powder / something bad, itch in the 
throat, after covid test, asthma, bacteria, dry throat, sharp food, insect stuck 
in throat, croup / laryngitis, not dressing warm enough in cold weather

- Actions Cough in elbow / hand / tissue / away from others, drink tea / water, 
honey, take medication

Take medication, drink tea / warm milk / water, take puffer, cough in elbow, 
hit person coughing on the back 

- Dangerous? Suffocation, transferable to other people, the elderly, babies Suffocation, transferable to other people, the elderly, babies, smokers, 
asthma, bronchitis, pneumonia, breathing problems, laryngitis, rib fracture

- Medication Cough syrup, paracetamol, ibuprofen Paracetamol, macrogol, ibuprofen, antibiotics

- Doctor visit Examine throat, prescribe medications, covid test, listen to lungs / heart Examine belly / heart / lungs / throat / ears / give medication, examine urine, 
draw blood, perform ultrasound

Misconceptions

- Causes Having it too hot

- Dangerous?
Fatigue, not brushing teeth
Damaging the throat resulting in bleeding or death, damaging lungs causing 
a hole resulting in bleeding
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Table 3: Overview of citations.

SECOND YEAR SIXTH YEAR

Fever

Knowledge

- Definition ‘If the temperature of your body is too high’ ‘If the temperature of your body is higher than normal’

- Symptoms

‘That is when your head is so hot and you have an headache and then you 
can also cough’
‘Sometimes you are pale and you don’t feel well and then you have to go 
home because you are so ill’

‘I think sometimes you feel warm but then you are cold because you 
have those chills’
‘I am also always hot and cold, my throat always hurts, when you lie in 
your bed and you get up again, your head hurts a lot afterwards’

- Causes

‘Because microbes get into your stomach’
If you go swimming and you have wet hair and you don’t put on your hood, 
you can also get sick and get fever’
‘If you eat something mouldy’

‘If someone sneezes in your face you may also get a fever’
‘Like if you go outside with wet hair when it’s freezing’
‘Eating something wrong’

- Dangerous?
Fever can sometimes be so hot that you can die from being too hot’
‘If your grandfather and grandmother are very old, they can die from it’
‘Because when you visit older people you can pass that on’

‘if it gets very high’
‘It can be worse in older people and babies, because they are more 
sensitive’
-People with cancer or people who are already ill because of something’

Misconceptions

- Causes
‘If you don’t change your bedsheets’
‘Some people cannot get fever because they eat a lot of vegetables’

‘For example, if you are inside and that takes another 5 minutes and you 
already put on your coat and your scarf and so on, you are very warm 
and if you have to go in the car and take it off. Then the environment is 
colder’- Dangerous

‘If you have it for top long you can choke’
Yes, then you can get corona and corona can give you cancer and kill you’
‘Then you can no longer eat as much because then you become afraid if you 
eat something hot, you will feel even hotter’
‘You can get burning wounds from it’

Abdominal pain

Knowledge

- Symptoms
‘It’s like having cramps’
‘Then your stomach hurts and you think you have to throw up’

‘If you get a lot of pain in your stomach, or if you get kicks in your 
stomach or if you have cramps, and also just really pain’

- Causes

‘If you have eaten something bad that your stomach cannot handle very well’
‘That’s because you ate too much, also my stomach hurts when I’m breathing 
very fast’
‘I have a stomach ache because there is a lot of poop in my stomach and it 
hurts and then I have to take something in my water or milk every morning 
and I find that very disgusting’
‘If someone who is sick coughs near to you’

I have stomach ache when I am stressed or eat too much, but I also 
have stomach ache when I have eaten too little, so if I have not eaten 
for a long time I also get stomach ache’ 

- Dangerous?
‘This is also dangerous for older and younger people’
‘You can die if the stomach ache is super painful’

‘Yes, if that continues and there are many bacteria and viruses in your 
stomach, and they continue and then sometimes you may have to go to 
the hospital’
‘My dad once had kidney stones and had also a lot of stomach pain, so I 
also think that can be dangerous. Not fatal, but dangerous’
‘Appendicitis, I think if it were to explode it would release toxins in our 
stomach and that could be dangerous’

Misconceptions

- Dangerous?
If you have a lot of abdominal pain then you will become very ill or you could 
get corona or maybe cancer or something. If you get corona from the stomach 
pain then you might get cancer from corona If you are very ill’

Cough

Knowledge

- Symptoms ‘It vibrates in your throat when you cough, that’s when you sneeze or cough’ ‘It actually feels like air hitting your throat really hard’

- Causes

Sometimes you have mucus in your throat and the you have to cough that 
mucus away’
‘Coughing can sometimes be because you may have bacteria in your throat’
‘I often cough because I have a cold’
‘If I smell something I’m allergic to I always have to cough’
‘When the weather was cold and you had been playing outside and you hadn’t 
dressed very well’

‘If food comes in your windpipe then you have to cough to get it out’
‘If you have a pollen allergy’
‘When you go outside in the cold without much clothes’

- Dangerous?

‘If you cough very hard you can make other people sick’
‘Because sometimes you can choke and some people can suffocate easily. 
My sister also had to cough a lot and she had inflamed tonsils and she could 
hardly breathe’
‘If you cough on older people, they can die more easily’

‘I think it can suffocate you if you choke or if something is stuck that can 
suffocate you’
‘Yes, because you can then pass it on to other people, such as bacteria 
for example’
‘It can be dangerous to older people’

Misconceptions

- Causes ‘When you are extremely hot, you have to cough’ ‘If you haven’t brushed your teeth for a long time’

- Dangerous?

‘Yes, because if you cough up your throat, you will die of pain’
‘If your lungs are damaged and you have to cough, you are coughing 
blood. Can be dangerous because then there is a hole in it somewhere 
and you can no longer breathe properly’
‘If you cough a lot, I think that you can cough open your throat and that 
the skin in your throat has been coughed away and that a lot of blood 
flows into your food pipe and that you will then lose too much blood’
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groups mentioned feeling hot and cold, a headache, and fatigue. 
They also mentioned abdominal pain, being pale, nausea/vomiting, 
feeling ill, a stuffed nose, etc. One participant mentioned shivering, 
something she had experienced herself before. Regarding the causes 
of fever, many participants mentioned: not dressing warm enough in 
cold weather, eating infected food, and bacteria and viruses (mostly 
bacteria were mentioned). Most participants rest and take medication 
when they have a fever. Some drink hot beverages, place something 
cold on their forehead, or go to the doctor. Sixth-year participants 
were able to mention more medication names for fever than second-
year participants. Most participants in both years agreed that a fever 
can be dangerous if it becomes too high, and that the elderly and 
babies are more vulnerable. Two sixth-year classes also mentioned 
that it can be more dangerous for people with an underlying illness 
(for example cancer, or a weak immune system). When asked about 
medical interventions, most of the answers included: measuring the 
fever, looking in the throat and ears, listening to the lungs and heart, 
examining the abdomen, and prescribing medications. 

Misconceptions. There were more misconceptions in the second-year 
group. With the definition of fever, many children did not know the cutoff 
temperature. Most second-year participants guessed between 37°C 
and 40°C (but with a range of 15°C to 70°C). Another misconception 
was that a fever is defined as a body temperature not only higher but 
also lower than normal. Misconceptions about the causes of fever 
included: a too-warm environment (for example in summer), eating too 
much candy, and even ‘not changing your bedsheets’. They thought a 
fever could be dangerous for the wrong reasons: you can suffocate, 
you can get COVID, cancer or burning wounds from a fever, and you 
cannot eat anything warm because then you will get even warmer. 
Two participants did not believe that all people can get a fever: some 
people eat a lot of vegetables, and some have received a vaccine and 
therefore cannot get a fever. 

Sixth-year participants had fewer misconceptions, yet some of them 
thought that ‘dressing too hot,’ ‘eating something you do not like’ and 
’a big-time difference’ could be causes of fever. Another misconception 
was thinking that a fever is dangerous when your temperature reaches 
45°C. 

Abdominal pain

Knowledge. When asked about the definition, most participants started 
to explain based on prior experience (what they felt themselves) or gave 
potential causes. Participants in both years of study described abdominal 
pain as ‘a lot of pain and cramps in their belly.’ Some also added: nausea/
vomiting, pressure on the belly, and the feeling you need to go to the 
toilet. The most prevalent cause according to both age groups was food-
related: eating too much or too little, eating something wrong or past 
date, eating something raw, or eating a substance against which one 
is intolerant (gluten, milk) or allergic. Other causes included stress and 
being in the car for too long. In most sixth-year classes, bacteria were 
mentioned. In all classes across both years, viruses were mentioned 
after more extensive questioning by the interviewer. One participant from 
each age group mentioned appendicitis, something they or a relative/
friend experienced. When asked what the participants do when they have 
abdominal pain, most answered that they rest, take medication, or go to 
the doctor. Some go to the toilet or find a comfortable position. Second-
year children were not able to mention medication names, sixth-year 
children mentioned painkillers, antibiotics, and Macrogol. The children 
think that abdominal pain can be dangerous when it goes on for too 
long, if you are in too much pain, if you must go to the hospital, if you 
have appendicitis, if you have kidney stones or an underlying condition 
(for example cancer). They also mentioned that the elderly and babies 
are more vulnerable. Both groups gave similar answers to the question 
‘what can a doctor do?’: prescribe medication, examine the abdomen, 
look in the ears and throat, listen to heart and lungs and take a blood 
sample. In the sixth-year of primary education, examining the urine and 
performing an ultrasound were mentioned by two participants, both due 
to personal experience. 

Misconceptions. Second-year participants thought that eating something 
you do not like’ or fatigue are causes of abdominal pain. Two participants 
thought abdominal pain was dangerous because you could get COVID 
from it and you could then get cancer from COVID and die. 

There were no misconceptions mentioned by the sixth-year classes. 

Cough

Knowledge. Most participants gave a demonstration of a cough when 
we asked to define a cough. When asked what they felt, most stated 
that it felt like a tickle in the throat and a sore or dry throat. Three 
sixth-year participants gave a more detailed explanation: the feeling 
of air hitting your throat very hard, air passing over bumps in your 
throat, painful and/or enlarged tonsils. The most common causes in 
second-year classes included: allergies, a cold, not dressing warm 
enough in cold weather, and viruses. In the sixth-year class, the most 
common cause was choking, followed by a cold, sore throat, mucus in 
the throat, allergies, and viruses. When having a cough, most children 
took coughing syrup and drank some water or hot beverages. In the 
younger age group, some participants mentioned that they cough in 
their elbow or in a tissue. A sixth-year participant with asthma stated 
she uses her inhaler when she coughs a lot. When we asked which 
medication the participants took, most answered that they took a 
cough syrup. Some mentioned pain medication and some sixth-year 
participants took throat pastilles or antibiotics. Some participants in 
both age groups did not think a cough could be dangerous, while 
others thought it could be dangerous because you can pass it on to 
someone else and because you could suffocate. When asked if certain 
people are more vulnerable, second-year participants mentioned the 
elderly and babies. Sixth-year participants also mentioned people with 
asthma, bronchitis, or pneumonia, and people who smoke a lot or have 
trouble breathing. One participant mentioned a teacher once broke a rib 
because of a coughing fit. Their examples of what a doctor can do were 
more focused on fever and abdominal pain: prescribe medication, look 
in the throat and listen to the lungs. A sixth-year participant mentioned 
a laryngoscopy, as he had experienced one before. 

Misconceptions. A second-year participant thought you could get a 
cough if you are too hot. In the sixth- year, misconceptions about the 
causes of a cough included fatigue and not brushing your teeth for 
a long time. Three sixth-year participants thought a cough could be 
dangerous because you can damage your throat resulting in bleeding 
or death, or because you can damage your lungs by causing a hole in 
them, which in turn can result in bleeding. 

Discussion
In this study, we did not find major differences between the semantic 
fields used to describe three frequent medical symptoms in our second- 
and sixth-year groups (13). Both groups reported similar definitions 
and symptoms. Both also mentioned many external factors as possible 
aetiologies of the symptoms. Sixth-year participants were able to 
mention more medication names, used more specific language, and 
recounted more anecdotes, suggesting that their mental representations 
of the illnesses investigated may be more elaborate and different from 
those of the children in the younger age group. Regarding the pupils’ 
misconceptions, our findings show that the second-year participants 
had slightly more misconceptions than the sixth-year participants, in 
the categories of causes and dangers related to illnesses. Common 
misconceptions among the younger participants included the cut-off 
temperature for a fever, the belief that one can get cancer from the 
symptoms, the belief that eating something they do not like can be a 
cause for the symptoms, and the belief that coughing can cause severe 
complications in the throat. 

In paediatric clinical practice, an explanation from a healthcare 
professional is more genuinely reassuring for a child when it is framed 
within the cognitive and psychological or emotional level of the child’s 
understanding of illness. To do so, the professional needs to be aware 
of the age-related stages of cognitive development of the children 
under their care. As mentioned in the introduction, Piaget’s theory 
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is an accepted concept to frame our findings. There are studies that 
further refine the four stages of Piaget in the context of symptoms and 
disease aetiology (7-8).

These studies confirm that children in the concrete operational stage 
(the second-year participants in our study) can differentiate internal 
(self) from external reasons for illness. They use contamination 
and internalization as explanations of illness. Children in the 
formal operational stage (the sixth-year participants in our study) 
use physiological and psychophysiological explanations, as the 
differentiation between internal and external explanations becomes 
larger in this stage and they understand that illness can arise from 
various causes. In this light, our findings corroborate findings from 
earlier studies, indicating that the situation has not changed much over 
the years and that today’s children appear to process illness symptoms 
in the same way as children did two or three decades ago (20-21). 
This is an expected finding when we consider that today’s children, like 
children from previous decades, are cognitively maturing and proceed 
through the different stages of cognitive development just like children 
from previous decades. On a more pessimistic note, this suggests that 
the health literacy of children, and particularly the older children, has 
not grown much over the years. This may in part be due to the fact that 
the attainment targets for health education for primary education are 
quite vague and are not easily translated into a concrete curriculum 
for younger and older children. Teachers may for example focus on 
hygiene, and relate hygiene to the prevention of illness, but they may 
not necessarily also provide information on potential physiological or 
psychophysiological explanations for illnesses, i.e. information that the 
older children could grasp given their cognitive developmental stage 
(formal operational stage with abstract thinking). 

Not all children in our two groups behave exactly according to the 
age-related categories. For example, some sixth-year children display 
opinions that can be categorized as typical of the concrete operational 
stage, rather than the formal operational stage where the ability to think 
abstractly is developing. This became clear in some of the misconceptions 
that were emerging during the focus group discussions. In other words, 
Piaget’s age ranges may have to be considered loosely rather than strictly 
with some children being more mature than their age group suggests and 
others less so. Thus, our findings suggest that the sixth-year children 
find themselves at a turning point between the concrete operational and 
the formal operational stage, with some of them already having crossed 
the line and others not. A possible explanation for this is the fact that 
the previous studies relied on individual interviews, rather than focus 
group discussions. It is possible that children behave differently or state 
different opinions when they are in a group. We did notice that some of 
the participants made statements that evoked laughter or expressions 
of amazement in the group. It is unclear if they would have done so in 
an individual setting as well.

Our findings of congruence between the answers in the two age groups 
differ from some previous studies of healthy children. One study 
interviewed three age groups of Icelandic schoolchildren: 6-7 years old, 
10-11 years old, and 14-15 years old (22). In individual interviews, the 
authors asked about the causes, symptoms, prevention, and treatment 
of illnesses. They found a significant difference between all three age 
groups. The 6–7-year-old participants were at the beginning of the 
concrete operational phase and the 10–11-year-old participants were 
in the formal operational stage. In all age groups, their understanding 
of the causes of illnesses was higher than their understanding of 
treatment and prevention. They also mentioned examples of answers 
the children gave, so we are able to compare those to our results. 
The 6-7-year-olds mostly associated cold weather and not dressing 
warm enough with causes of illness, while the 10-11-year-olds mostly 
mentioned germs. This is in contrast with our results, where both age 
groups mentioned these causes. For the treatment of illnesses, the 
second-year group mostly mentioned medical treatment, while the 
sixth-year group also mentioned self-care. In our study, both age groups 
mostly mentioned a combination of resting and taking medication. 

One reason for our non-corroborating findings may lie in the fact that 
we did not use individual interviews to collect our data, but group 
interviews. Chances are that when we would have interviewed our 
participants individually, the individual children would not have been 
able to come up with the same amount of knowledge as the class as 
a group could. When interviewed as individuals, we might have seen a 
clearer distinction between the age groups. As individuals, the younger 
students from the second-year group might either have been in the 
preoperational or the concrete operational stage, depending on their 
degree of maturation. The older children might either have been in the 
concrete or the formal operational stage as already suggested above. 

One interesting and understudied part of the study concerns the 
children’s misconceptions. Even in the older age group, such 
misconceptions are persistent. When health professionals talk to 
children about their illnesses, they may have to consider -next to the 
cognitive developmental stages- the possible misconceptions or lack of 
information that could burden children with a wrong conception of the 
causes of their illness or how to treat it. A dialogic approach where the 
health professional listens to the young patient instead of talking about 
the young patient is needed to engage the child in the healing process 
and in a process of health education. Every doctor’s appointment 
could thus become an opportunity for health literacy enhancement 
in young children, taking away misconceptions and reassuring the 
child that what it says is meaningful. The doctor’s appointment also 
presents an opportunity to educate the children’s parents, since many 
misconceptions stem from parental influence (23). Fever phobia is 
prevalent amongst most parents, often caused by poor knowledge and 
potentially resulting in excessive treatment. Parents may also transfer 
their own (poor) knowledge about medication usage to their children, 
since the subject is not covered in school (24). Apart from health 
professionals, educators can also utilize information about children’s 
misconceptions to design age-appropriate and child-centred learning 
materials that can take away such misconceptions and help to alter 
them, perhaps helping the child move to the next stage of Piaget’s 
model of cognitive development and taking away unnecessary fears 
on the side of the children.

Our study has some limitations. We only interviewed children from 
the second- and sixth-year group, which does not allow comparisons 
over a broader age spectrum. To include more children in the study, 
the interviews were conducted in groups (per classroom) instead of 
individually. This gave us a broad overview of their general knowledge 
but made it impossible to see strictly individual differences in knowledge 
and personal ideas. The interviews were performed in two public catholic 
primary schools in Flanders, excluding private and special education 
schools. Both schools were quite similar as they both had a relatively low 
percentage of schoolchildren who come from a relatively more deprived 
educational region and/or speak another language at home.

Conclusion
The aim of this study was to increase our understanding of the knowledge 
of primary school children about the semantics of health symptoms so that 
healthcare professionals in Flanders can improve their communication 
with children. 

On the basis of our study and earlier studies, we can conclude that no 
large differences in describing common illnesses (fever, abdominal pain, 
cough) exist between children from the second- and sixth-year groups, 
except for the reasons that children see for having attracted a certain 
illness. This lack of difference between the age groups is not something 
we expected, given Piaget’s distinct levels of cognitive development 
and some previous studies that have shown clear distinctions between 
age groups when inquiring about children’s conceptions of causes and 
symptoms of illnesses. 

Based on our overall findings, topic descriptions, and collection 
of interview quotations taken from the focus group interviews, we 
recommend that health professionals talking to children take account 
of children’s preconceived ideas and, in particular, their misconceptions 
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regarding common illnesses and symptoms, such as fever, abdominal 
pain, and cough. More patient-centred communication should result 
in better and faster health outcomes, and children’s enhanced health 
literacy. The findings are also relevant for educators who can refine their 
health curricula to correct and enlarge children’s mental representations 
of common illnesses and assist sixth-year children in achieving Piaget’s 
stage of formal operational thinking.
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Introduction
Invasive meningococcal disease (IMD), caused by Neisseria meningitidis, 
is associated with a high mortality rate and long-term health implications 
(1, 2). There are twelve types, or serogroups, of this bacterium, six of 
which can cause epidemics (3). In Europe, the 2022 IMD notification rate 
rose to 0.3 cases per 100,000 population, after a decline in incidence in 
2020 and 2021, potentially caused by COVID-19 pandemic quarantine 
measures. Incidence in 2022 was highest in infants aged <1 year, 
followed by those aged 1–4 and 15–24 years. Notably, meningitis caused 
by meningococcal serogroup B (MenB) accounted for 62% of IMD cases 
documented with a specific serogroup (4). Looking at 2022 Belgian data, 
incidence was highest in those aged 0–4 years (1.2 cases per 100,000 
population) and <1 year (2.5 cases per 100,000 population) (5). Belgian 
IMD incidence in 2023 was 0.71 cases per 100,000 population and 
MenB accounted for 42% of cases (6). 

MenB can be prevented through vaccination, with two MenB vaccines 
currently available in Belgium. The four-component MenB vaccine 
(4CMenB, Bexsero®; GSK), approved by the European Medicines Agency 
in 2013 for individuals aged ≥2 months, protects against MenB (7). In 
Belgium, 4CMenB can be administered to individuals aged ≥2 months 
on an individual basis, is preferentially recommended on this individual 
basis for children aged 2 months to 5 years as well as adolescents aged 
15–19 years and is universally recommended for high risk groups, at 
a 2-dose vaccine schedule, followed by a booster dose for those aged 
<2 years or individuals at high risk (8, 9). 4CMenB is currently the only 
vaccine in Belgium recommended for infants and young children. The 
MenB-factor H-binding protein vaccine (MenB-FHbp, Trumenba®; Pfizer), 

approved by the European Medicines Agency in 2017 for individuals 
aged ≥10 years, also protects against MenB (10). MenB-FHbp was 
made available in Belgium in 2019. MenB-FHbp can be administered 
to individuals in Belgium aged ≥10 years on an individual basis, is 
preferentially recommended on this individual basis for adolescents aged 
15–19 years and is universally recommended for high risk groups, at a 
2-dose vaccine schedule, with a booster dose considered for individuals 
still at risk for IMD and high risk groups (8, 9).

While MenB-FHbp is not included in any regional immunisation 
programs, 4CMenB is included in the National Immunisation Program of 
several European countries, including France, Luxembourg, Switzerland, 
Germany, Portugal, Czech Republic, United Kingdom, Italy, Ireland, 
Malta, Andora, San Marino and Lithuania (11-15). As 4CMenB is 
recommended on an individual basis in Belgium, it is not included in 
regional immunisation programs and is therefore not a publicly funded 
vaccine. Previous studies, conducted in Australia, France, Spain, United 
States and United Kingdom, have assessed the association between 
social deprivation and risk of meningococcal disease, hospitalisation 
for meningococcal disease or uptake of meningococcal vaccines. These 
studies show uptake of non-publicly funded vaccines correlates with 
income, suggesting inequity in access to vaccination, often leaving 
those most at risk, more vulnerable (16-18). Adding 4CMenB to regional 
immunisation programs in Belgium could increase vaccine access 
and immunisation coverage, thereby decreasing social inequity and 
protecting those at greatest risk of IMD (16).

The relationship between socioeconomic status and meningococcal 
vaccine coverage in Belgium is not clearly understood. This study aimed to 

Keywords
Neisseria meningitidis ; invasive meningococcal disease ; vaccines ; Belgium.

Abstract
Invasive meningococcal disease is associated with a high mortality rate and severe long-term health issues. In Belgium, most serogroup-documented invasive 
meningococcal disease cases are caused by serogroup B. The four-component meningococcal serogroup B vaccine (4CMenB) is recommended in Belgium for 
certain age groups but is not a publicly funded vaccine. This analysis aimed to estimate 4CMenB coverage and the association between 4CMenB coverage, age 
and household income at a municipality level in Belgium. 4CMenB vaccinations between November 2022 and October 2023, as well as individuals’ age, location 
and household income level were obtained. Individuals with two to three doses of 4CMenB and municipalities with ≥100 vaccinees were included in this analysis. 
Of the 16,816 individuals vaccinated, 71% were concentrated within 11% (65/593) of municipalities. 4CMenB coverage was highest amongst the <1 (16%) and 
1–2 years (14%) age groups. There was a correlation observed between 4CMenB coverage and age, as well as 4CMenB coverage and household income at a 
municipality level. This interaction was observed in individuals up to 11 years, with the most statistically significant correlation occurring in age groups <1 and 1–2 
years (both p<0.001). 4CMenB not being a publicly funded vaccine may contribute to inequity in vaccine access, potentially placing low-income populations in 
Belgium at increased risk of invasive meningococcal disease. Universal vaccine recommendations and inclusion of 4CMenB into Belgium’s regional immunisation 
programs could reduce potential inequity in vaccine access. 
At the end of the article you will find a graphical abstract that visually summarises the content of the article.
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estimate 4CMenB coverage and evaluate 
associations between vaccine coverage, 
age and household income across Belgian 
municipalities.

Materials and methods
This retrospective, ecological study used 
data captured in longitudinal prescriptions 
and sociodemographic databases to 
obtain information on vaccine uptake, 
individual’s age, location and household 
income level. Belgium is divided into 
three regions, 11 provinces (including 
Brussels) and 589 municipalities. All 
analyses were performed at a municipality 
level. Where municipalities are named, 
general description of municipalities may 
not align with the formal name due to the 
municipality granularity level used to map 
data to territories.

Longitudinal prescriptions data 
panel: Vaccine uptake, age and 
location
Vaccine uptake information, along with 
the age and location of vaccinees, were 
sourced from a national IQVIA sell-out 
database. This longitudinal prescriptions 
data panel contains patient-level 
information on what is dispensed by 
pharmacists to patients and collects 
information on approximately 30% 
of retail pharmacies (both chain and 
privately-owned pharmacies) in Belgium. 

The panel contains metrics on the product, 
the patient and the prescriber, throughout 
time, as follows. Metrics on the product, 
i.e., what is dispensed by pharmacies, 
informed vaccine uptake data. The age 
of patients was not available from the 
database, but individuals’ year of birth 
could be obtained. Posteriori analyses 
of patients’ age range was obtained 
via a trusted third-party anonymisation 
process. At least 100 individuals per 
municipality were required for precise age 
determination. Age was aggregated to 
seven age classes based on age at first vaccination: <1 year, 1–2 years,  
3–5 years, 6–11 years, 12–14 years, 15–19 years, ≥20 years. Age 
was rounded to the year (e.g., an individual aged 2.5 years would 
be classed as 2 years and belong to the 1–2 years age class). The 
municipality of the vaccination prescriber was used as a proxy to assign 
a municipality to the vaccinated individual, as an individual’s municipality 
was not provided in the database to maintain data privacy. If an individual 
had more than one prescriber, the municipality of the first 4CMenB 
prescription was used.

Sociodemographic database: Household income level
The sociodemographic database contains detailed information regarding 
the number of inhabitants and households, their distribution by age class 
and type of household (e.g, household size and property type). It also 
contains overall indicators (composite scores) of income, age (of the eldest 
member of a household) and type of housing. These sociodemographic 
data are obtained via a trusted third-party that aggregated data at a 
granular level. These aggregated data were then mapped to the Belgian 
municipality level. The indicator of income is a composite index and was 
calculated by aggregating wealth and income variables, normalised so 
that mean (standard deviation) at the municipality level was 100 (10). 

Income level ranged from 75 (lowest income indicator) to 140 (highest 
income indicator). The income indicator is a well-established proxy for the 
actual level of income, which is not directly available from the database. 

Patient population and municipality selection
Individuals with either only one or more than three doses of 4CMenB 
were excluded from this analysis. From November 2022 to October 
2023, all individuals with two doses and those aged ≤2 years with 
three doses within a year were included in the vaccinated population. 
Due to anonymisation requirements only municipalities with at least 100 
vaccinated individuals (two or three doses of 4CMenB) were analysed.

Descriptive and statistical analysis
4CMenB coverage at a municipality level was calculated as the percentage 
of 4CMenB vaccinated individuals out of the total municipality population. 
Coverage for a specific age class was calculated as the proportion of 
4CMenB vaccinated individuals out of the total municipality population in 
the same age class. 4CMenB coverage per age class and per household 
income level was assessed via descriptive statistical analysis. A correlation 
analysis was performed to estimate the association between 4CMenB 
coverage and household income in the overall population and per age 

Figure 1: Estimated 4CMenB coverage in Belgium between November 2022 and October 2023.

Municipalities with ≥100 4CMenB vaccinees were further analysed in this study.

Figure 2: Distribution of 4CMenB vaccinated population per municipality by age class.

Variation of vaccinated population per municipality, by age group; box plots show mean, median (interquartile range), 
minimum and maximum 4CMenB vaccination coverage
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class. A logistic regression modelling approach was implemented to 
assess the association between 4CMenB coverage by age and household 
income. Significant effects were measured using the likelihood-ratio test 
of significance of effects, with a 5% significance level.

Objective
The primary objective of this analysis was to estimate 4CMenB coverage 
at a municipality level in Belgium – overall, per age class and per 
income level. The secondary objective of this analysis was to estimate 
the association between 4CMenB coverage, age and household income 
level at a municipality level in Belgium. 

Results
4CMenB coverage
Of the 16,816 individuals who had received two to three doses of 
4CMenB and were therefore eligible for assessment, 71% (n=11,936) 
were concentrated within 11% (65/593) municipalities across Belgium. 
Most municipalities (77%) contained <100 vaccinated individuals 
and 12% of municipalities contained no individuals vaccinated with 
4CMenB (Figure 1). These municipalities were not further analysed. 
The 65 municipalities further assessed in this study, each containing 
≥100 vaccinated individuals, were assessed as representative of all 
Belgian municipalities according to distribution across Belgium, age 
and income level. Approximately 50% of analysed municipalities were 
in Flanders, 40% in Wallonia and 10% in Brussels, which aligns with the 
regional spread of all municipalities. Average national income level had 
a composite score of 100 and the analysed municipalities had a similar 
median composite score of roughly 95. 

4CMenB coverage was highest in the two youngest age classes  
(<1 year: 16%; 1–2 years: 14%), with coverage decreasing significantly 
with age and reaching <0.5% in those aged ≥12 years. For those aged 
<1 year and 1–2 years, 4CMenB vaccination coverage varied significantly 
between the municipalities (Figure 2).

Association between 4CMenB coverage, age and 
household income
No overall correlation was observed between household income and 
Belgian 4CMenB coverage across municipalities (r=0.015, 95% CI: 
-0.230–0.258 for selected municipalities; Figure 3A). However, 
when analysing the specific age classes, there was a mild positive 
correlation between 4CMenB coverage and household income for those 
aged <1 year (r=0.251, 95% CI: 0.008–0.466, p<0.001) and 1–2 
years (r=0.161, 95% CI: -0.088–0.388, p<0.001; Figure 3B and 3C) 
in analysed municipalities. For higher age groups, 4CMenB coverage 
was not correlated with household income level (r=0.156, 95% CI: 
-0.092–0.385, p=0.005 for the 3–5 years age class), partially due to 
low sample size. 

When using the logistic regression model within the 65 individual 
municipalities, both age and income level had a statistically significant 
effect on 4CMenB coverage (p<0.001). There was also a significant 
relationship between age (across 0–11 years) and household income, 
with strong statistical confidence in this result (p=0.002); this association 
was particularly pronounced in the <1 year and 1–2 years age groups 
(p<0.001). 

Furthermore, vaccine coverage in the 10 lowest income municipalities 
and the 10 highest income municipalities was estimated. The logistic 
regression model estimated that 4CMenB coverage for individuals aged 
<1 year was 11.1–11.9% in the lowest income municipalities and 
24.6–31.4% in the highest income municipalities (Figure 4).

When extrapolating data at a national level, the logistical regression 
model also predicted that 4CMenB coverage among those aged <1 
year was lowest in Southern Belgium and in main city centers. 4CMenB 
coverage was highest in the areas surrounding Brussels, Ghent and 
Antwerp (Figure 5A), with higher vaccination coverage shown in Figure 
5A mapping roughly onto areas of higher income indicator (Figure 5B). 
The distribution of 4CMenB coverage becomes increasingly uniform as 

Figure 3: Correlation analysis showing 4CMenB coverage versus household 
income for different age classes.

a: following aggregation at a municipality level, income level was rescaled to 
have a score of 100 on average, with 75 being the lowest income indicator and 
140 being the highest income indicator.

3A. All ages

3B. Aged <1 year

3C. Aged 1–2 years
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you move up the age classes, with the 3–5 years age class showing the 
most even distribution across assessed municipalities. 

Discussion
This is the first study to analyse the correlation between 4CMenB 
coverage, age and household income level at a municipality level in 
Belgium. 4CMenB coverage was highest in those aged <1 year and 1–2 

years and a statistically significant, positive correlation between 4CMenB 
coverage and household income was observed for individuals of these 
ages. This suggests potential inequity in vaccine access at a municipality 
level in Belgium for those aged <1 year and 1–2 years. 

This analysis shows that over 70% of vaccinated individuals are 
concentrated in just 11% of Belgian municipalities; these municipalities 
include large cities and so are likely to have higher populations and more 
vaccinated individuals than other, potentially smaller, municipalities. 

Figure 4: Logistical regression analysis estimating 4CMenB vaccination coverage across the 10 lowest and 10 highest income municipalities.

Figure 5: Predicted 4CMenB vaccination coverage among those aged <1 year and indicator of income for municipalities.

a: General descriptions of municipalities were based on a 593 granularity level, which may not align entirely with formal commune name.

The indicator of income was calculated by aggregating wealth and income variables, normalised so mean (standard deviation) was 100 (10) at the municipality level. Income 
level ranges from 75 (lowest income indicator) to 140 (highest income indicator).

5A: 4CMenB coverage 
among those aged <1 year

5B: Overview of Belgium 
municipalities with indicator 
of income
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In Belgium, the socioeconomic status of families may impact the decision 
to vaccinate children, particularly with non-publicly funded vaccinations. 
The positive correlation between MenB coverage and household income 
observed in this study at a municipality level has also been seen at 
a provincial level. A study of 2020 vaccination coverage in Flanders 
showed that children aged 18–24 months from families with an income 
lower than €3,000 per month were more often incompletely vaccinated 
against MenB compared with children from families with an income 
greater than €3,000 (19). A similar trend was also seen with the publicly 
funded COVID-19 vaccine, with lower uptake of the first dose observed 
in socioeconomically disadvantaged adults in Belgium (20). Parallels 
can be seen when looking at the risk of IMD. In France, individuals with 
a low income are at an increased risk of hospitalisation due to IMD 
compared with high income individuals, reinforcing the importance of 
MenB vaccination in populations with a lower income (18). 

The higher levels of 4CMenB coverage for the two youngest age classes 
(<1 year and 1–2 years) compared with the older age classes confirm 
that paediatricians and general practitioners follow the recommendations 
of the Belgian Superior Health Council. These recommendations stipulate 
the best vaccination schedule against MenB is at 8 and 16 weeks, 
with the third booster dose given between 11 and 14 months, as 
a high percentage of cases occur before 6 months (8). Despite the 
recommendations in Belgium, 4CMenB coverage among individuals 
aged 15–19 years included in this analysis was less than 0.5%. Vaccine 
uptake and hesitancy in the adolescent population is a known issue and 
is likely due to a number of reasons, such as adolescents having fewer 
preventative healthcare visits than infants (21). This holds especially 
true in non-reimbursed settings and where infrastructure to vaccinate 
adolescents is lacking. The European Program of Work 2020–2025 of 
the World Health Organization, which details health priorities for the next 
five years, has been criticised by the European Academy of Pediatrics 
for lacking strategies that specifically improve the health of children and 
adolescents (22, 23). Given adolescent vaccination levels are lower than 
infant levels and adolescents appear to be overlooked in some policies, 
universally recommended freely-available vaccination could be key to 
increasing vaccination coverage and improving the health of all ages. This 
may also explain why no overall correlation between 4CMenB coverage 
and household income level was observed. Nearly 80% of individuals 
in the 65 selected municipalities were aged ≥20 years and 4CMenB 
coverage in this age group was less than 0.5%. Therefore, the lack of 
association observed between 4CMenB coverage and household income 
for older ages is potentially limited by a smaller sample size of vaccinated 
individuals in these age groups.

Despite the 2019 MenB notification rate in Belgium being similar to or 
higher than countries where MenB vaccination is publicly funded (United 
Kingdom and Italy), MenB is not included in any regional immunisation 
programs in Belgium (24-26). Having 4CMenB as a universally 
recommended, publicly funded vaccine could reduce inequity in access 
to 4CMenB and therefore reduce the incidence of MenB in Belgium. 

This analysis was associated with some limitations. Firstly, the data 
panel used for vaccine uptake information represents approximately 
30% of Belgian pharmacies and so not all 4CMenB vaccinations were 
captured. This analysis is also significantly limited by selection bias. Due 
to anonymisation requirements, only municipalities with ≥100 4CMenB 
vaccinees were analysed. However, the sample of municipalities used 
in this study was assessed as representative of the general Belgian 
population according to distribution across Belgium, age and income level. 
Thirdly, this analysis only looks at household income as an indicator for 
socioeconomic status. Factors shown to influence vaccine uptake, such 
as education and literacy level, were not investigated (20). Additionally, 
the type and quality of pre-vaccination information provided by healthcare 
workers, a known key determinant of vaccine uptake, was not assessed. 
Furthermore, communication regarding vaccine recommendations differs 
between Belgian regions, which may have independently impacted 
vaccine coverage. Differences observed between correlation analysis and 
logistic regression analysis when assessing coverage and age/income 
level (e.g., effects in older age groups) were caused by the regression 
analysis testing effects simultaneously, instead of independently. Finally, 

the location of the prescribing healthcare professional is used as a 
proxy for patient location, meaning patients may be wrongly allocated 
to the municipality of their prescriber, while living elsewhere. However, 
checks prior to this study have shown that such bias is somewhat limited 
and compensates for each other (i.e., incorrect patient allocation is 
symmetrical for two municipalities).

Conclusion
Only a small number of Belgian municipalities contained ≥100 vaccinated 
individuals and 4CMenB coverage in these municipalities was highest 
in individuals aged <1 and 1–2 years. For individuals aged 0–11 years, 
higher household income correlated with higher 4CMenB coverage when 
looking at the individual municipality level, with a more pronounced effect 
in the <1 year and 1–2 years age groups. Indeed, in the highest income 
municipalities analysed, individuals aged <1 year, 1–2 years and 3–5 
years were approximately two times more likely to be vaccinated than in 
the lowest income municipalities. The availability of 4CMenB only in the 
private sector may contribute to inequity in vaccination access, potentially 
placing low-income populations in Belgium at an increased risk of IMD. A 
universal vaccine recommendation, high quality pre-vaccine information 
from healthcare professionals and inclusion of 4CMenB into Belgium’s 
regional immunisation programs to make the vaccine free of charge 
could decrease the current inequity in 4CMenB coverage observed in 
children <2 years of age in Belgium. Although the results of this study 
indicate inequity in access to 4CMenB vaccination in Belgium, the study 
has limitations and additional analyses are required to confirm results, 
such as those investigating additional parameters impacting vaccination 
uptake. Moreover, conducting a precise cost-effectiveness analysis of 
the 4CMenB vaccine is crucial to reflect the disease’s lifetime impact.
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Regional inequity in 4CMenB vaccination coverage in Belgium: 
A retrospective ecological study
Georgios Nikitas, Andrew G. Allmon, Anne Meulemans, Kathleen Billiaert, Florence Strubbe, David Magis, Christiane Vogel,
Benoit Brasseur, Wesley Mattheus, Marc Raes

This study aimed to answer:

In Belgium, meningococcal serogroup B is the most common form of invasive 
meningoccocal disease

The 4CMenB vaccine, which protects against meningitis B (MenB), is recommended for children 
aged 2 months to 5 years, adolescents aged 15 years to 19 years and high-risk groups in Belgium

Despite these national recommendations, the 4CMenB vaccine is not a publicly funded 
vaccine in Belgium

4CMenB not being a publicly funded vaccine in Belgium may contribute 
to inequity in vaccine access
The potential inclusion of the 4CMenB vaccine in Belgian regional 
immunisation programs could help reduce this inequity

Level of household income 4CMenB doses Year of birth Municipality

(Database granularity level meant data were mapped 
to 593 municipalities)

Information was sourced from two databases:

The following was observed from the 16,816 4CMenB vaccinees identified:

4CMenB vaccine coverage correlated with 
household income only for those aged 
less than 1 year and 1–2 years

Vaccine coverage 
and household 

income 

Vaccine coverage 
and age

4CMenB vaccine coverage was 
highest in those aged

1–2 years<1 year

Vaccine coverage

These 65 municipalities were further analysed

71% of vaccinees were concentrated within 

65 Belgian municipalities (11%) 

Individuals with 2 to 3 doses of 4CMenB vaccine were included

<1 year 1–2 years

<1 year 1–2 years

Municipalities with the 
lowest average household 
income had lower 4CMenB 
vaccine coverage rates 
than municipalities with 
the highest average 
household income

Sociodemographic database Longitudinal prescriptions database

How 4CMenB vaccination coverage is 
distributed across Belgian municipalities

What the relationship is between 4CMenB 
vaccine coverage, age and household income
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Abstract
Although acute appendicitis is a common occurrence in the pediatric population, there is still considerable debate surrounding the optimal postoperative antibiotic 
treatment. Currently, there is a lack of a clear, evidence-based protocol for postoperative treatment.

The objective of this review is to develop a protocol for postoperative antibiotic treatment in children with acute appendicitis. By introducing this protocol, we aim to 
establish a more straightforward policy and avoid overtreatment with antibiotics.

Introduction
Acute appendicitis (AA) is a common surgical presentation with a lifetime 
incidence of 9% (1). Despite being one of the most common reasons 
for abdominal surgery in pediatric patients, there is a wide variation 
management. In general, AA is treated with appendectomy, followed by 
antibiotics in the case of complicated appendicitis. 

The indication and the optimal duration of postoperative antibiotics for 
AA still pose significant ambiguity, as described in the 2015 European 
Association of Endoscopic Surgery (EAES) consensus document, where 

the duration of antibiotic treatment varied between 3, 5, 7, and 10 days. 
They also stated that the evidence regarding the duration of postoperative 
antibiotic treatment is limited (2).

The World Society of Emergency Surgery (WSES) recommends 
transitioning to oral administration of postoperative antibiotics after 48 
hours, advocating for a total treatment duration of less than 7 days (3). 
However, they do not provide specific guidance on duration based on 
classification or define parameters for discontinuation. 

Experience has shown that treatment is often based on the preference 
of the treating physician. 
Therefore, we aimed 
to create a protocol 
for antibiotic use after 
appendectomy in the 
pediat r ic  populat ion 
based on the most recent 
literature.

Methods
Exclusion and 
inclusion criteria
Only studies reporting on 
postoperative antibiotic 
t reatment of acute 
appendicitis in children 
(< 18 years) written in 
Dutch or English were 
included. Randomized 
controlled trials, pro- and 
retrospective studies, 
(systematic) reviews and 
international guidelines 
were included. Articles 
descr ib ing  p lanned 
postoperative treatment 
were included whereas 
s tud i es  desc r i b i ng 

Figure 1: Overview of study selection.
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Trauma (AAST) (4,5). Both grading systems are based on clinical, imaging 
and operative findings and have been validated in prospective, observational 
studies. An overview of these classifications is shown in Table 1.

Gomes further divides AA in non-complicated AA, grade 0 and grade 1, 
and complicated AA, grades 2 to 4 (4). The AAST does not make this 
distinction but remarks an increasing complication rate associated with 
the severity grade (5).

The classification systems proposed by Gomes and the AAST do not 
specifically take into account the purulent/suppurative appendix lacking 
signs of perforation, which we believe warrants inclusion. A multicenter 
analysis by Cramm showed that presence of gangrenous, suppurative 
or exudative changes of a nonperforated appendix was associated with 
an increased risk of organ space infections and prolonged postoperative 
length of stay (6). Do-Wyeld also describes advanced appendicitis as 
gangrenous or suppurative appendicitis without perforation (7).

To address this gap, we suggest the classification outlined in Table 2. 

We decided not to divide AA into uncomplicated and complicated 
appendicitis because of the heterogeneous definitions of (un)complicated 
appendicitis. We will use the grading classification described in Table 
2 since it clearly describes the surgical findings and the continuum of 
severity of AA. 

As mentioned before, in this paper we will not discuss appendicitis 
presenting with a phlegmon or abscess (grade 4) since this was beyond 
the scope of this review. We do acknowledge that for a complete treatment 
protocol, a specific literature search on these subtypes should be done. 

Duration and administration of antibiotics
Based on the aforementioned literature review, we made a proposition 
for duration for antibiotic therapy for the different subtypes of AA. An 
overview of the protocol is shown in Figure 2.

Grade 1: Simple, acutely inflamed appendix

While there was one article suggesting that 2 postoperative doses of 
antibiotics can reduce postoperative wound infections, there exists 
a widespread consensus supporting a single preoperative dose of 
prophylactic antibiotics, with no indication for postoperative antibiotic 
administration (8). Antibiotics should be administered within 60 minutes 
prior to skin incision (2,3,9,10). Hospital discharge should be scheduled 
within 24 hours after surgery. 

Grade 2: Purulent appendicitis

Our comprehensive literature review unveiled a paucity of articles 
addressing this particular type of AA, with treatment protocols varying 
from no intervention to a total duration of 7 days (7,11,12). Although 
suppurative changes in a nonperforated appendix were associated with 

prolonged treatment due to postoperative complications (such as surgical 
site infections) were excluded.

We excluded letters to the editor, comments on articles, surveys or 
research letters. 

Studies describing a conservative antibiotic treatment approach without 
appendectomy were not included. Patients with an appendicular mass 
at first presentation were also excluded, since in these cases different 
approaches are possible depending on disease duration and clinical signs 
(appendectomy, conservative treatment with antibiotics, percutaneous 
drainage) and this was beyond the scope of this review.

Literature search
To identify potential studies and guidelines, a literature search was 
performed according to the PRISMA guidelines in Pubmed (Figure 1) 
using the Medical Subject Heading (MeSH) terms ‘acute appendicitis 
AND (pediatric OR children OR child) AND (antibiotics OR antibiotic) AND 
(postoperative OR appendectomy OR surgery).

To include the most recent literature, we decided to review publications 
from the last 11 years from 01/08/2012 to 01/03/2024. Duplicates were 
removed using Covidence.

An overview of the study selection is shown in Figure 1.

Our literature search identified 61 studies eligible for inclusion. By 
screening references of the included studies, 5 additional articles were 
added. Details of these studies are provided in the supplementary table. 

Results
Classification
By reviewing the literature, we noted a great variability in the classification 
of AA. In general, everyone agrees that AA is a continuum from an 
inflamed appendix to perforated appendicitis with generalized peritonitis. 

An inflamed appendix is classified as simple or uncomplicated/
noncomplicated appendicitis and perforated appendicitis as complex or 
complicated appendicitis. However, the so-called intermediate forms, 
such as gangrenous appendicitis (GA), are perceived differently by 
different studies.

The WSES updated the Jerusalem Guidelines on diagnosis and treatment 
of AA in 2020. They recommend using an intra-operative grading system 
for AA. A grading system can help to identify homogeneous groups of 
patients and assist in determining the optimal postoperative management 
according to the grade of the disease (3).

Two validated classifications systems are available: the grading system 
proposed by Gomes and the Anatomic Severity of Disease Grading System 
for Acute Appendicitis by the American Association for the Surgery of 

Table 1: Overview of the grading systems by Gomes (4) and the AAST (5). 

 Grading by Gomes (4) AAST Grading System (5)

Grade 0 Normal looking appendix (Endoappendicitis/Periappendicitis)

Grade 1 Inflamed appendix (hyperemia, edema, ± fibrin without or little pericolic fluid) Intact but acutely inflamed appendix 

Grade 2

Necrosis

A – Segmental necrosis (without or small amount of pericolic fluid)

B – Base necrosis (without or small amount of pericolic fluid)

Intact but gangrenous appendix 

Grade 3

Inflammatory tumor

A – Phlegmon

B – Abscess less than 5 cm without peritoneal free air

C – Abscess over 5 cm without peritoneal free air

Perforated appendix with local contamination 

Grade 4 Perforated – Diffuse peritonitis with or without peritoneal free air Perforated appendix with peri-appendiceal phleg-
mon or abscess

Grade 5 Perforated appendix with generalized peritonitis
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appendicitis as uncomplicated appendicitis and thereby implies to not 
treat it with antibiotics (12). This is in line with recent literature where 
a propensity-matched study showed that postoperative antibiotics 
could be omitted. The study could not show a significant difference 
rate of surgical site infections (both incisional surgical site infections 
as organ space infections) between patients who did or did not receive 
postoperative antibiotics (15). 

Since postoperative antibiotics were not associated with a clinically 
meaningful reduction in rates of surgical site infections, nor omitting 
of postoperative antibiotics results in an increase of surgical site 
infections, we decided to not treat this subgroup of appendicitis with 
postoperative antibiotics. We aim for discharge within 24hours after 
surgery as for the simple, acutely inflamed appendix. 

Grade 3: Gangrenous appendicitis (GA)

Considerable heterogeneity exists regarding the classification of GA, 
with debates whether it should be categorized as uncomplicated or 
complicated appendicitis or even a separate identity, leading to varying 
treatment protocols (9,12,13,14,16,17,18–28,29). Some studies even 
omit a distinct description of this subtype, inadvertently suggesting the 
treatment of GA as if it were uncomplicated (30–35). 

Similar to purulent appendicitis, the presence of GA correlates with 
an increased risk of surgical site infections (6). However, adopting the 
same treatment strategy for GA as for perforated appendicitis may 
lead to unnecessary overtreatment. Evidence supporting postoperative 
antibiotic use often relies on postoperative complication rates after 

altering the standard of care, highlighting persistent issues of broad-
spectrum antibiotic overuse and prolonged therapy durations in surgical 
settings. Local guidelines for GA management vary, ranging from two 
single postoperative doses to 3-5 days in some centers (13,36) . Others 
advocate for administering intravenous (IV) antibiotics until clinical 
discharge with or without leukocyte count checks before discharge 
(29,37) . 

Cramm demonstrated that for both suppurative and GA there is no 
difference in rates of surgical site infections whether antibiotics 
are administered or not (15). We therefore advice to not administer 
postoperative antibiotics for GA and treat GA identical to suppurative 
and simple appendicitis.

Peroperatively a GA with in addition a local peritonitis (i.e. seropurulent or 

an increased risk of organ space infection and prolonged hospital stay 
in a large retrospective study, the complication rate after withdrawal or 
limiting of postoperative antibiotics to 24 hours from the clinical pathway 
remained the same even in two prospective studies with gangrenous 
appendicitis (6,13,14).

Most studies try to facilitate discharge and minimize resource usage, yet 
some set ambitious treatment goals, as seen in the approach of Do-Wyeld 
et al., who treated all the advanced forms of AA, including suppurative 
AA, for a duration of 7 days (7). This seems however largely overshooting 
since this is a longer treatment duration compared to the treatment of 
some patients with a perforated appendicitis, which we will discuss 
below. Contrary to this, a retrospective study showed that adhering to 
48 hours of postoperative antibiotics for purulent appendicitis, did not 
increase the risk of infectious complications in comparison to longer 
treatment durations (11) . Also, Cunningham subdivides suppurative 

Figure 2: Protocol for postoperative antibiotic treatment in acute appendicitis.
Abbreviatons: AB = antibiotics, IV = intravenous treatment, PO = Per Os = oral treatment, WBC = white blood cell. 
The dotted line is meant to show that gangrenous appendicitis is only treated with postoperative antibiotics if it is associated with local peritonitis.

Table 2: Classification of subtypes of appendicitis. 

Our classification on which we further base our treatment protocol. It is 
based both on the grading system of Gomes (4) and the AAST (5) with 
inclusion of suppurative appendicitis. 

Grade 1 Simple – inflamed appendicitis: intact, hyperemic, edemic 
appendix

Grade 2

Purulent appendicitis with or without purulent fluid: thick-
ened, yellowish discoloration of the appendix, no signs 
of perforation, with or without purulent liquid adjacent 
to the appendix, not extending to other intra-abdominal 
quadrants

Grade 3 Gangrenous appendicitis: appendiceal wall necrosis, no 
signs of macroscopic perforation

Grade 4
Inflammatory tumor 
• A – Phlegmon 
• B – Abscess 

Grade 5

Perforated appendicitis: visible hole in the appendix, 
intraperitoneal faecolith  
• A - With localized peritonitis: peritonitis/contamination in 
the right lower quadrant and/or pelvis 
• B – With generalized peritonitis: peritonitis/contamina-
tion outside the right lower quadrant and pelvis 
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the total duration of postoperative antibiotic treatment, we differentiate 
between 5 and 7 days based on the leukocyte count at discharge. A 
normal leukocyte count (<12,000/µL) allows discharge with a total 
treatment duration of 5 days total (IV and oral antibiotics combined). 

An elevated leukocyte count (>12,000/µL) allows discharge but requires 
a total treatment duration of 7 days, consistent with various study 
protocols (22,23,33,49,50).  

Grade 5B - Generalized peritonitis

WSES guidelines recommends a switch to oral therapy after 48 hours, but 
multiple treatment protocols still treat at least 72hours IV for perforated 
appendicitis with localized or generalized contamination (3,17,23,49,57).

Wakeman et al. more specifically saw a reduction of surgical site 
infections when they created a clinical practice guideline in which they 
advise IV therapy for at least 72hours postoperatively and they continue 
IV therapy until the WBC count is normalized before transitioning to 
oral antibiotics (17). This latter practice is confirmed by Fallon et al, 
showing that an elevated WBC count is associated with intra-abdominal 
abscess formation. In particularly, 50% of patients with an WBC count 
over 14,000/µL developed an intra-abdominal abscess. But even then 
there is ambiguity considering treatment duration as they do not continue 
antibiotics at home if normalization of WBC count occurred (43).

Although not based on clear evidence, WSES guidelines advice to use 
an overall length of therapy shorter than 7 days. However, there are still 
different studies and treatment protocols advising a longer treatment 
duration of 10 days. 

Theodorou et al. apply a treatment duration of 10 days for patients 
with an elevated WBC count at discharge (42). Wakeman et al. treat all 
complicated appendicitis for a total of 10 days (17). Simó et al. treat an 
appendicular peritonitis for 7 to 10 days without further specification 
(36). Lastly Lam et al. successfully studied the effect of implementing a 
standardized care pathway in the Alberta Children’s Hospital in Calgary. 
Their guideline makes a differentiation between perforated and diffuse 
peritonitis. Diffuse peritonitis is treated with IV antibiotics until clinical 
discharge criteria are met and a normalization of WBC is reached. 
Subsequently they switch to oral antibiotics to finish a course for a total 
of 7-10 days. The final duration of the antibiotic therapy, varying between 
7 and 10 days, is based on clinical judgement, without further definition 
of what this implies (37,58).

Considering the higher risk of postoperative complications with more 
diffuse peritonitis, we decided to treat this category more strictly by 
advising at least 72hours of IV treatment. After 72hours a transition to 
oral antibiotics can be made when clinical discharge criteria are met. 
To avoid further treatment duration based on clinical judgment, we 
decided to use the WBC count as a decisive parameter. If the WBC count 
at discharge is <12.000/µl, we recommend a total treatment duration 
of 7 days. If the WBC count is elevated (>12.000/µl) a total treatment 
duration of 10 days is applied. 

Type of antibiotics
The most common bacterial species isolated from peritoneal cultures 
are Escherichia coli, Streptococcus milleri/anginosus, Bacteroides fragilis 
and Pseudomonas Aeruginosa (26,59,60).

For prophylactic antibiotic administration in the case of uncomplicated 
appendicitis cefazoline with metronidazole is used. 

For postoperative antibiotic treatment, we use amoxicillin-clavulanate 
as first choice of antibiotics, both for IV as oral treatment of perforated 
appendicitis, according to our local antibiotic guidance. 

In case of penicillin allergy, we recommend the combination of 
ciprofloxacin and metronidazole (17,28). While amoxicillin-clavulanate 
adequately covers E. coli (except for Extended-spectrum beta-lactamase), 
B. fragilis and S. anginosus/milleri, it does not treat infections with  
P. aeruginosa. However, studies investigating the use of broad-spectrum 
antibiotics covering P. aeruginosa, such as piperacillin-tazobactam, 
could not demonstrate a beneficial effect of broad-spectrum treatment 
compared to narrower treatment. Narrower treatment mostly consisted of 

fecal contamination of the peritoneum) can be seen. A microperforation 
is expected in this case. We could not deduct a clear advice on how to 
treat this subtype based on the literature review. We decided to treat a 
GA with local peritonitis similarly to macroscopic perforated appendicitis 
with local peritonitis, but we do acknowledge that this approach is expert-
based. It is therefore debatable and should be prospectively analyzed. 

Grade 5: Perforated appendicitis 

In our literature review we found opposing recommendations on the 
duration of antibiotic treatment for perforated appendicitis and on the 
decision whether or not oral antibiotic treatment after discharge is 
necessary and, if so, whether a white blood cell (WBC) count at discharge 
is necessary to define if switch to oral antibiotics is possible.

The WSES guidelines from Jerusalem recommends transitioning from 
intravenous to oral antibiotics after 48 hours in perforated appendicitis, 
with a total treatment duration shorter than 7 days (3). However, they do 
not specify criteria for determining the timing of this switch. It’s important 
to note that this recommendation is based largely on expert opinion and 
only supported by a limited number of studies. Whereas the consensus 
statement of the SPIGC in 2021 from Italy advices to treat complicated 
appendicitis (defined as a grade 4-5 AA according to table 2) for minimum 
of 3-5 days and to discontinue IV antibiotics depending on WBC count, 
fever and normalization of bowel function (10). 

We decided to divide the management of perforated appendicitis in 
localized and generalized peritonitis because the more extensive the 
contamination, the higher the risk of postoperative complications and 
increased use of resource utilization (longer duration of antibiotics, 
narcotic analgesia, parenteral nutrition, postoperative imaging) is seen 
(38–40).

The subtypes of perforated appendicitis require different duration of 
antibiotic treatment, but the same clinical discharge criteria apply for 
both localized and diffuse peritonitis. 

The four clinical discharge parameters, that each patient must meet 
before discharge, are (16,24,28,33,41–43):
1.	 Afebrile (<38°C) for 24hours
2.	 Minimum 75% of the normal oral intake
3.	� Pain under control with oral analgesics (paracetamol and/or 

ibuprofen)
4.	 Age-appropriate mobility 

Grade 5A - Localized peritonitis

We found 4 studies advocating for intravenous (IV) antibiotic treatment 
until meeting clinical discharge criteria, without continuation of oral 
antibiotics at home or leukocyte count assessment before discharge 
(1,12,44,45). However, most other studies utilize leukocyte count as a 
discharge criterion (17,22,23,38,43,46–52). Depending on the study, 
an elevated leukocyte count may result in continuation of IV antibiotics, 
discontinuation of antibiotics or guide the duration of oral antibiotics 
after discharge. 

Even though an analysis suggests that post-discharge organ space 
infections may not reliably predicted by routine WBC counts before 
discharge, we have opted to include leukocyte count assessment at 
discharge to determine antibiotic duration in children with perforated 
appendicitis given the prevalence of articles using leukocyte count as a 
discharge criterion and alignment with the SPIGC consensus statement 
(53). For localized peritonitis, we recommend initiating IV antibiotic 
treatment for a minimum of 48 hours, following the WSES guidance. 
Transitioning to oral antibiotics is done after 48 hours if clinical discharge 
criteria are met (3). 

Although 2 other studies advice that not all patients with complicated 
appendicitis should be discharged with antibiotics after appendectomy 
we suggest a minimum total treatment duration of 5 days (IV plus oral 
treatment) which is largely in line with the SPIGC consensus statement 
(10,(54,55). In particular, two studies noted a potential trend toward 
undertreatment in children receiving less than 5 days of treatment, 
leading to increased intra-abdominal abscess rates (48,56). Regarding 
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29. 	�Emil S, Gaied F, Lo A, Laberge JM, Puligandla P, Shaw K, et al. Gangrenous appen-
dicitis in children: A prospective evaluation of definition, bacteriology, histopatholo-

ceftriaxone combined with metronidazole (31,35,61–66). We decided to 
follow our local antibiotic guidance and treat with amoxicillin-clavulanate. 

Discussion 
We created a treatment protocol for postoperative antibiotic treatment 
after appendectomy in the pediatric population since this was in our 
opinion still missing in literature. An overview of the treatment protocol can 
be seen in in Figure 2. Our aim is primarily to implement a straightforward 
policy and to avoid further treatments based on a physician’s preference. 
We opted for a transparent and evidence-based yet safe protocol taking 
into account the clinical evolution of the patient and implemented the use 
of WBC counts to guide antibiotic duration trying to avoid unnecessary 
overtreatment based on the physician’s preference. 

Certain limitations in this study warrant acknowledgment. The studies 
identified from the literature search varied in quality, encompassing 
both prospective and retrospective analyses, often centered around 
modifications in local treatment protocols without randomization. In 
addition, the criteria guiding the establishment of these protocols 
remained unclear in many instances. The inherent ambiguity surrounding 
the topic prompted the inclusion of articles expressing divergent opinions 
and advice regarding antibiotic treatment, complicating the delineation 
of a definitive protocol. For some aspects of our protocol, such as 
addressing purulent appendicitis, decisions had to be made with reliance 
on scarce evidence.

Conclusion
Based on an extensive literature search, we made a proposition of a 
treatment protocol for planned postoperative antibiotic treatment after 
appendectomy. We plan to prospectively evaluate our treatment protocol 
by evaluating surgical site infections in the first month postoperatively. In 
addition, a prospective analysis of peritoneal cultures will be performed 
to re-evaluate whether a change in type of antibiotic use is necessary.
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Abstract
Rhabdoid tumor (RT) is a malignant tumor occurring in children with a peak incidence between 1-4 years of age. The tumor exhibits diverse subtypes: atypical teratoid 
rhabdoid tumor (ATRT), malignant rhabdoid tumors in the kidney (MRTK) and extrarenal tumors (MRT). These malignancies are associated with a pathogenic variant 
in SMARCB1 (98%) or SMARCA4 (2%). Within 25-35% there is a germline pathogenic variant leading to rhabdoid tumor predisposition syndrome (RTPS). These 
variants can be inherited in an autosomal dominant mode, but most occur de novo. Even with a multimodal treatment the prognosis is poor. We report on a family 
with 2 siblings diagnosed with RT due to a germline nonsense pathogenic variant in SMARCB1 caused by gonadal mosaicism. This germline variant was found in 
the 9-month-old brother who presented with metastatic MRTK and was absent in the parents. However familial recurrence of an RT occurred when a newborn sister 
presented with an ATRT. Both patients died from the disease. SNP haplotyping identified maternal gonadal mosaicism. Only seven families affected by RTPS due to 
gonadal mosaicism have been reported in the literature. The current new and more extensive genetic tests will probably identify more families with RTPS due to gonadal 
mosaicism. However, most germline pathogenic variants in children of healthy parents arise de novo, making it challenging to predict the risk of RT development in 
siblings. Therefore, extensive genetic testing in families with a child affected by RTPS is necessary to rule out gonadal mosaicism and to more accurately predict the 
possible recurrence risk of RT in siblings.

Introduction
Rhabdoid tumor (RT) is a rare malignant tumor that occurs mostly in 
young children and infants with a peak incidence between 1 and 4 
years (1). These RTs are divided into different groups according to their 
location. The most frequent is an atypical teratoid rhabdoid tumor (ATRT) 
which occurs in the central nervous system (65%). Furthermore, there 
are malignant RTs in the kidney (MRTK) (9%) and in extrarenal tissues 
(MRT) (26%). The extrarenal sites encompass the head and neck, liver, 
lungs, and almost all soft tissues and viscera (2). In more than 50% of 
the cases, metastases are present at diagnosis, the most frequent sites 
being the lungs, liver, lymph nodes and brain (3). Approximately 10% of 
the tumors present as synchronous tumors (4). 

In 98% of the RTs, immunohistochemistry shows loss of INI-1 protein 
expression due to a SMARCB1 deletion or a pathogenic inactivating 
variant in the SMARCB1 gene on chromosome band 22q11.2, also 
referred to as the SMARCB1 (SWI/SNF-related, matrix-associated, 
actin-dependent regulator of chromatin, subfamily b, member 1) /INI1/
BAF47/hSNF5 locus (4,5). In 2% the SMARCA4 gene is involved. Both 
genes are tumor suppressor genes and give rise to subunits of the SWI/
SNF (mammalian switch/sucrose non-fermentable) or BAF (BRG1/BRM-
Associated Factor) ATP-dependent chromatin-remodeling complex (4–6). 
This complex controls the chromatin structure and is responsible for 
regulating gene transcription (1,7). It facilitates DNA replication, selective 
gene transcription, DNA repair and recombination (8). Dysregulation of 
the SWI/SNF complex in cancer can result in either loss-of-function of 
tumor suppressors and/or gain-of-function of oncogenic mechanisms 
(8). Their tumor-suppressing effects are likely due to the disruption of 
multiple coordinated pathways, rather than a single downstream target 
pathway. This is because the complex interacts with a large number 
of proteins and active enhancers, suggesting a broader impact on 
lineage-specific signaling pathways (9). Inactivation of the SMARCB1 

gene is also described within other tumors, for example, schwannomas, 
meningiomas, myeloid sarcoma, chondrosarcoma, ganglioglioma etc. 
(5,6,10). Inactivation of SMARCA4 can also cause small cell carcinoma 
of the ovary, hypercalcemic type (SCCOHT) and SMARCA4-deficient 
undifferentiated thoracic tumors (1,8).

Pathogenic variants in SMARCB1 and SMARCA4 can be somatically 
acquired, but 25-35% of the patients have a germline pathogenic variant 
in these genes which gives rise to the rhabdoid tumor predisposition 
syndrome (RTPS). A germline pathogenic variant in SMARCB1 is causing 
RTPS1, while RTPS2 is caused by a germline pathogenic variant in 
SMARCA4 (12). From these germline pathogenic variants, the majority 
originate de novo, however some cases of autosomal dominant inheritance 
and gonadal mosaicism are described in literature (2,5). Patients with 
RTPS follow Knudson’s two-hit hypothesis, requiring besides the germline 
a second hit such as a somatic pathogenic variant or loss of the wild-type 
allele in the tumor, to develop an RT (6,9,11,12). They usually develop 
tumors at a median age of 4-7 months (sometimes even in the prenatal 
period), compared to children with sporadic RTs with a median age of 
18 months. In addition, RTPS is characterized by aggressive and often 
synchronous tumors at diagnosis and by metachronous tumors. All these 
factors contribute to a worse prognosis in patients with this germline 
pathogenic variant (4,6,13). 

Treatment options depend on several parameters, such as the age 
at diagnosis, the tumor location and the presence of metastasis. The 
EU-RHAB protocol proposes multimodal treatment including complete 
chirurgical resection, chemotherapy (also intraventricular in case of ATRT) 
and radiotherapy (4). In 58% of the children with RTPS who developed an 
RT, progression during chemotherapy occurs. Thereby most children die 
of progressive disseminated disease (2,14). Despite intensive multimodal 
therapy, 5-year overall survival rates of only 17% to 36% are reported 
by several studies (15,16).
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variant was negative on the spermatocytes of the father. In addition, deep 
next-generation sequencing for this variant (>345 000 reads) did not 
identify the SMARCB1 variant. Thereafter, deep next-generation sequencing 
for this variant (>134 000 reads) did not identify the SMARCB1 variant 
in the blood of the mother. As a next step, to evaluate whether the 
SMARCB1 variant was present on the maternal allele, a haplotyping study 
was performed using the Human CytoSNP v1.2.-Infinium protocol. Single 
nucleotide polymorphism (SNP) array data from all family members were 
generated. The Human CytoSNP v1.2 is a streamlined panel designed for 
whole-genome scanning, enabling high-throughput analysis of genetic and 
structural variations. This panel is a product of the Infinium, which offers 
high sensitivity and specificity and it is particularly useful for identifying 
mosaicism, crucial for diagnosing genetic disorders (19,20). 

To summarize the results of the mutation analysis and SNP haplotyping, a 
two-generation family of 6 people is presented, two parents and 4 children 
(Figure 1). The two younger affected children carry the same maternal allele 
with the SMARCB1 pathogenic variant and a different paternal allele. The 
two older non-affected children carry a different maternal allele without 
the SMARCB1 pathogenic variant. The non-affected son carries the same 
maternal allele as the 2 affected children; however, the only difference 
is that the pathogenic SMARCB1 variant is not present. The non-affected 
children carry a different paternal allele. This haplotyping study determined 
that the variant is inherited from the mother, resulting from a mutation in 
mosaicism in the oocytes, probably occurred during oogenesis. This finding 
supports the suspicion of gonadal mosaicism.

Methods
The PubMed databases were accessed from November 2021 until October 
2023 for case studies, case series and reviews. The following medical 
subject headings (MeSH) terms were used: “rhabdoid tumor”, “rhabdoid 
tumor predisposition syndrome”, “rhabdoid tumor predisposition syndrome” 
AND “gonadal mosaicism, “gonadal mosaicism’. All the resulting titles were 
manually screened. Subsequently, an assessment of the abstracts was 
performed, followed by the review of the full texts as the basis for inclusion. 
Subsequently, the references of all retained papers were examined for 
relevant studies. In total 26 articles were retrieved. Informed consent was 
obtained from both parents to publish this case report.

Literature review and discussion
We described a new family consisting of 4 children of whom 2 siblings 
were diagnosed with an RT caused by a germline pathogenic variant 
in SMARCB1 due to maternal gonadal mosaicism. A review of the 
literature only reports 7 families with RTPS due to gonadal mosaicism, 
as summarized in Table 1. Regarding sex, results confirm the known slight 
male predominance; a 1.3-1.5 male-to-female ratio, by the occurrence of 
a malignancy in 9 boys and 7 girls (10). In all cases the RT diagnosis was 
made at a very young age, with the oldest only 12 months old. Although 
ATRT is reported as the most prevalent type, germline pathogenic variants 
do not increase the chance of a certain tumor location (21). In all reported 
families except for one, the diagnosis of RTPS due to gonadal mosaicism 
was only made after a recurrence of an RT in another sibling (22). This 
was also the case in our family. 

We will provide a discussion regarding (i) why and for whom genetic 
testing is crucial to perform; (ii) the possibility and difficulties to make 
predictions for other family members based on genetic testing; (iii) 
current general recommendations for clinical surveillance in RTPS. 

Literature rarely reports large pedigrees with transmission of the germline 
pathogenic variant across generations due to the diagnosis of RT at a very 
young age and the often fatal outcome. Germline pathogenic variants are 
mostly found in patients with congenital presentation or early-onset RT, 
advanced stage of RT at diagnosis, synchronous RTs and a family history 
of RT or RTPS (6). However, the European Society of Pediatric Oncology 
Host Genome working group (SIOP-HGWG) strongly advises to offer all 
patients with an RT genetic counseling and testing for a SMARCB1 and 
SMARCA4 germline pathogenic mutation (13). In case of the presence 
of a germline pathogenic variant in the affected child, parents and also 
siblings, need to be offered genetic counseling and testing. This regardless 

The goal of this review is to give an overview of published families 
affected by RTs due to gonadal mosaicism. Moreover, we want to raise 
awareness of the possible recurrence of an RT in siblings of patients 
with an RT that seems to be caused by a ‘de novo’ pathogenic variant 
but in reality, is an RTPS due to gonadal mosaicism, emphasizing the 
importance of extensive genetic testing and counseling.

Case report
A 9-mont-old presented to the emergency department with an acute 
abdomen. Radiographic evaluation showed a renal mass suspicious for 
nephroblastoma, as well as lung metastases. Preoperative chemotherapy 
(vincristine, actinomycin D and doxorubicin) was started according 
to SIOP-WT 2001 protocol (17). He had surgery with a right-sided 
nephrectomy, partial colectomy and para-aortic lymphadenectomy. 
Anatomic-pathological examination shows an MRTK local stage III because 
of positive lymph nodes. The postoperative chemotherapy was changed to 
EU-RHAB protocol (18). Nevertheless, tumor progression occurred with 
locoregional relapse and the development of liver metastases. Together 
with the parents we decided to stop chemotherapy and start palliative 
care. The patient died at the age of 15 months. 

The subsequent results of the germline genetic analysis showed a 
heterozygote nonsense pathogenic variant NM_003073.5: c.601C>T 
p.(Arg201*) in the SMARCB1 gene confirming the diagnosis of RTPS1. 
The parents also underwent genetic testing for this specific variant 
on white blood cells. This SMARCB1 variant was absent by Sanger 
sequencing. It was therefore concluded to be a de novo mutation, keeping 
in mind that gonadal mosaicism could not be ruled out. Following the 
identification of the germline pathogenic variant in the boy, the parents 
were genetically counseled, but the mother was already pregnant at 
that time. At the same time, the non-affected 6-year-old brother and 
the 4-year-old sister of the boy were tested. The SMARCB1 variant was 
absent in these two children.

A girl was born and there were no pre- and perinatal problems. At the 
age of 2 weeks, she presented with drinking difficulties and failure to 
thrive. A comprehensive diagnostic work-up showed a fossa posterior 
mass in the right cerebellopontine angle most compatible with ATRT 
based on MRI and the familial history. No biopsy was performed. Urgent 
germline genetic analysis in the girl confirmed the presence of the same 
SMARCB1 pathogenic variant as her brother. Together with the parents it 
was decided to start palliative care and she died at the age of 5 weeks. 

Because of two cases of malignant rhabdoid tumor in the same family with 
the same germline SMARCB1 pathogenic variant, more extensive genetic 
analyses were performed in both parents as we were unable to detect 
this variant with Sanger sequencing in their white blood cells. To verify 
the presence of gonadal mosaicism, Sanger sequencing for the SMARCB1 

Figure 1: Pedigree of the family.
The brother and sister had the same SMARBC1 variant c.601C>T 
p.(Arg201*). Neither parent carried the variant in their white blood cells 
investigated by Sanger sequencing. Haplotyping by generating SNP data of 
all family members showed that both children inherited the same maternal 
allele and a different paternal allele, which is consistent with gonadal 
mosaicism in the mother.
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believed, but it is imperceptible in routine genetic testing on blood samples 
(2,6,23). In case gonadal mosaicism is proven, it remains challenging to 
estimate the risk of recurrence in siblings, as it depends on the proportion of 
germ cells that carry this variant which is, even more in the case of maternal 
gonadal mosaicism, difficult to estimate (23,24). 

Secondly, when a germline pathogenic variant in SMARCB1 is confirmed, 
there is a high penetrance >90% by 5 years, but this is an incomplete 
and estimated penetrance (13). Only some small studies are available 
that report a few unaffected carriers such as the study of Eaton et al. 
reporting 22 cases of RTPS1 of whom 7 cases had an unaffected parent 
that carried the pathogenic variant (5,25). The reason for this incomplete 
penetrance is unknown. The current high estimated penetrance in 
patients with RPTS1 could be influenced by selection bias emphasizing 
the need to perform larger studies involving systematically screened 
trios (parents and affected offspring) to accurately define penetrance. 
There is even less data on the penetrance within RTPS2, making it at 
the moment almost impossible at the moment to make predictions (13). 

Thirdly, as outlined in cases by Bourdeaut et al., there is no clear genotype-
phenotype correlation. The same germline pathogenic variant may lead 
to the development of different types of RT at various ages. Furthermore, 
distinct tumor types may differently impact family members who carry the 
same variant in an unpredictable manner (21). This difficulty in predicting 
the phenotype linked with a certain genotype is also a concern in genetic 
counseling. Additionally, other tumors can occur in individuals who have been 
successfully treated for an initial RT, as alterations in SMARBC1/SMARCA4 
are not specific to RT (26,27). With RTPS1 there is a chance of developing 
late-onset schwannomas and meningiomas, particularly associated with 
splice site and missense mutations in SMARCB1 (2,21). Females, 5-46 years 
of age, with RTPS2 have a higher risk of developing SCCOHT. This tumor 
can be regarded as a special type of MRT, given its close clinical, histologic 
and (epi)genomic resemblance to RTs (12). So, the presence of a germline 
pathogenic SMARCA4 variant makes it necessary to offer genetic counseling 
and testing for women until 45 years of age in that family (13,28). 

To date, there are no official recommendations for surveillance of carriers 
of germline SMARCB1 or SMARCA4 pathogenic variants. In 2020 the 
SIOP-HGWG organized a panel discussion with pediatric oncologists and 
genetics. They drafted a proposal outlining a surveillance program targeting 
unaffected carriers of SMARCB1 or SMARCA4 pathogenic variants and 
long-term survivors of RT (13). Among other sources, the article of Foulkes 
et al. was the basis for their recommendations (12). For carriers of a 

of the parents’ results due to the possibility of gonadal mosaicism. Patients 
with an SCCOHT should be tested for a germline SMARCA4 pathogenic 
variant and if present, first-degree relatives should also be offered genetic 
counseling and testing. The purpose of genetic testing and counseling in 
case of a pathogenetic variant is to offer the possibility of a surveillance 
program for family members. A surveillance program aims to detect and 
treat tumors in an early stage thereby possibly improving survival rates. 
Besides the possibility of following a surveillance program, the presence 
of a pathogenic variant also implies the possibility of performing prenatal 
genetic testing or preimplantation genetic testing (PGT) (13). The decision 
to undergo PGT is a complex and personal one, but given the severity of 
the disease, its use is justified (22–24). In general, genetic counseling 
and testing are important to help affected family members make informed 
decisions whether or not to follow a surveillance program, to perform 
prenatal testing or PGT. 

There are multiple reasons why predicting the risk of developing an RT 
within siblings of families with RTPS is difficult. 

First, most germline SMARCB1 and SMARCA4 pathogenic variants within 
RTPS appear de novo. Therefore, besides routine genetic testing, no other 
genetic tests are performed when parents don’t carry the pathogenic mutation 
in their white blood cells, especially when it is the first child in the family with 
an RT. Nonetheless, recurrence in siblings of healthy parents is possible due 
to gonadal mosaicism and may be more common than previously believed 
(2,6,23). When patients and their families undergo genetic counseling for 
a presumed de novo mutation, they are informed about the estimated 1% 
recurrence risk due to gonadal mosaicism. Unfortunately, no good data on the 
prevalence of apparent de novo mutations due to gonadal mosaicism within 
RTPS are available. This, among others, because the most exact method to 
detect gonadal mosaicism involves direct examination of germ cells for the 
pathogenic mutation. Paternal gonadal mosaicism is relatively easy to detect 
by collecting sperm cells and examining them by routine genetic tests for 
the presence or absence of the pathogenic mutation. In contrast, to identify 
maternal gonadal mosaicism a biopsy to evaluate oocytes is necessary. This is 
an invasive procedure that is almost never done in clinical practice. Moreover, 
there are currently no molecular diagnostic tests available that are routinely 
performed in daily clinical practice to detect maternal gonadal mosaicism, 
estimating there is an ever-higher underrepresentation in the literature of 
maternal gonadal mosaicism. This is also reflected in the data available from 
the reported families with RTPS due to gonadal mosaicism (see Table 1): 4 
were paternal, 1 maternal and 2 not further specified (maternal or paternal). 
Taken together, gonadal mosaicism may be more common than previously 

Table 1 : Clinical and molecular features of cases reported with SMARCB1 gonadal mosaicism

Reference Gender
Age  
(months)

Type of malignancy
SMARCB1 pathogenic  
variant NM_003073.3

Inheritance
Method to identify genetic 
origin of mutated allele 

Sévenet et al. (27) 
(Pedigree 2)

M

M

3

/

Medulloblastoma

RT soft tissues of the neck

Unknown

c.472C>T, p.(Arg158*)
Paternal mosaicism Segregation and LOH  

analyses

Sévenet et al. (27) 
(Pedigree 3)

M

F

M

4

2

12

Choroid plexus carcinoma

ATRT

ATRT

c.591del, p.(Gln198Argfs*11)

c.591del, p.(Gln198Argfs*11)

c.591del, p.(Gln198Argfs*11)

Maternal mosaicism

Maternal mosaicism

Segregation and LOH  
analyses

Lee et al. (28)
M

F

7

5

MRTK

ATRT

c.472C>T, p.(Arg158*)

c.472C>T, p.(Arg158*)

Gonadal mosaicism

Gonadal mosaicism /

Eaton et al. (5)
F

F

5

2

Bladder sarcoma

ATRT

c.20_43delinsT, p.(Ser7Ilefs*56)

c.20_43delinsT, p.(Ser7Ilefs*56)

Paternal mosaicism

Paternal mosaicism Chromosome 22q microsat-
ellite analysis

Bruggers et al. (14)

M

F

M

0

5

0.5

ATRT 

ATRT

ATRT

Unknown

c.(362+1)_(363-1)_(c.628+1_629-1)

c.(362+1)_(363-1)_(c.628+1_629-1)

Paternal mosaicism

Paternal mosaicism

Single-nucleotide  
polymorphism array and 
multiplex ligation-dependent 
probe amplification

Bourdeaut et al. (19)
M

F

3

8

ATRT

Spinal ATRT

c.472C>T, p.(Arg158*)

c.472C>T , p.(Arg158*)

Paternal mosaicism

Paternal mosaicism /

Gigante et al. (20)
M

F

9

prenatal

MRT and ATRT

/

Deletion, LOH 22q

Deletion, LOH 22q

Paternal mosaicism

Paternal mosaicism Chromosome 22q  
microsatellite analysis

M: Male; F: Female; RT: rhabdoid tumor; MRT, malignant rhabdoid tumor; ATRT, atypical teratoid rhabdoid tumor; MRTK, malignant rhabdoid tumor in the kidney; MRT malignant rhabdoid 
tumor; LOH 22q: Loss of heterozygosity of the long arm of chromosome 22
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SMARCB1 or SMARCA4 pathogenic variant who have not yet developed 
a tumor, clinical monitoring should be started as soon as possible. The 
proposed surveillance program by the SIOP-HGWG includes extensive 
clinical examination every 4-6 weeks and an MRI of the brain together with 
an ultrasound of the abdomen and kidneys every 3 months during early 
infancy through the age of 5 years (7,13). The likelihood of experiencing a 
new onset of RT significantly diminishes after 5 years of age. Nonetheless, 
it remains advisable to continue follow-up, not only for MRT but also for 
other potential manifestations such as schwannomas and meningiomas (6). 
Here the SIOP-HGWG proposes a physical examination every 6 months and 
a yearly whole-body MRI (13). But for how long can a long-term follow-up 
program be justified? Some case reports suggest a lifelong threat, but 
the risk of an RT in unaffected carrier parents is not thoroughly assessed. 
Thus, it is essential to properly educate patients to seek medical advice 
when symptoms occur so that imaging can be done in a timely manner. The 
SIOPS-HGWG proposes the same surveillance program for children with 
RTPS who were treated for an RT, on top of their own specific follow-up 
schedule for their treated tumor type hereby also keeping in mind the risk 
of secondary tumors. For all females who carry a SMARCA4 pathogenic 
variant, it is recommended to continue surveillance from 5 through the age 
of 45 with a gynecological ultrasound due to the increased risk of SCCOHT. 
On a case-by-case basis, preventive oophorectomies can be discussed 
considering factors such as the patient’s age and pregnancy wish, family 
history and, ideally, new studies to better estimate the risk (12,13,28). 
Finally, it remains unclear what to do with parents of children with RTPS 
due to gonadal mosaicism. To date, no studies are available reporting RT 
or other related tumors in parents with SMARCB1 or SMARCA4 gonadal 
mosaicism. 

Conclusion
We described a family with 2 successive siblings diagnosed with RT 
due to a germline nonsense pathogenic variant in SMARCB1 caused by 
maternal gonadal mosaicism. It is important to be aware of the possible 
recurrence of an RT in siblings of patients with an RT that appears to be 
caused by a ‘de novo’ pathogenic variant but is actually RTPS caused by 
gonadal mosaicism. Literature review only described seven other families 
affected by RTPS due to gonadal mosaicism. With the advent of new and 
more extensive genetic tests, more families with RTPS due to gonadal 
mosaicism will likely be identified. However, most germline SMARCB1 
and SMARCA4 pathogenic variants in children of healthy parents arise 
de novo, making it challenging to predict the risk of RT development 
in siblings. Therefore, extensive genetic testing in families with a child 
affected by RTPS is crucial to rule out gonadal mosaicism and to predict 
more accurately the possible recurrence risk of RT within siblings.

Surveillance recommendations for carriers of SMARCB1 or SMARCA4 
pathogenic variants are currently evolving, with proposed programs for 
unaffected carriers and long-term survivors of RT. However, the duration of 
long-term follow-up remains a topic of debate. Moreover, literature mentions 
nothing about the follow-up of parents of children affected by RTPS due 
to gonadal mosaicism. Further research and collaboration in this field are 
essential to provide better guidance and support to affected families.
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Abstract
Hemophagocytosis lymphohistiocytosis is a state of hyperinflammation with activated macrophages, cytokine storm and tissue destruction. It can be triggered by 
immune activation during infection. We report the case of an 8-year-old septic girl who presented with 8 days of fever, diarrhoea and splenomegaly. Laboratory 
abnormalities, blood and faeces cultures confirmed haemophagocytosis lymphohistiocytosis triggered by Salmonella paratyphi B infection, which has never been 
reported in children. We present a narrative review of the literature.

Introduction
HLH is a syndrome with high morbidity and mortality caused by excessive 
immune activation. In patients with HLH, a trigger, such as an infection, 
causes a state of hyperinflammation by activation of macrophages. 
In addition, natural killer cells and cytotoxic T-lymphocytes fail to 
eliminate these activated macrophages. This results in a cytokine 
storm, haemophagocytosis and multi-organ involvement or failure. HLH 
is subdivided into primary HLH and secondary HLH.

Patients with primary HLH have a gene mutation and usually present 
with HLH the first few years of life and a have positive family history of 
HLH. Even less aggressive infectious agents like enteroviruses can trigger 
HLH. In secondary HLH patients have no genetic predisposition and only 
invasive microorganisms can provoke HLH by uncontrolled immune 
activation. The presence of a malignancy or primary immunodeficiency 
contributes to a predisposition to develop HLH (1, 2). Treatment of 
secondary HLH caused by an infection, as in our patient, consists of 

Figure 1: Literature search.
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On physical examination she appeared ill. She had a pale skin 
colour, minimal cervical lymphadenopathy, dry cracked lips, mild 
splenomegaly (1cm below the left costal margin) and a painful 
abdomen without guarding on palpation. The initial laboratory findings 
are shown in Table 1. There was marked pancytopenia, haemolysis, 
hyponatremia, hypokalaemia, elevated transaminases, elevated 
creatinine kinase, hypertriglyceridemia, hypofibrinogenaemia, 
elevated D-dimers, high inflammatory markers and elevated soluble 
interleukin-2 (IL-2) receptor. The chest x-ray was unremarkable. 
Abdominal ultrasound confirmed a mild splenomegaly of 13 cm 
(normal < 10,5 cm (6)) with some free intraperitoneal fluid collection 
and no hepatomegaly. After taking blood and faeces culture, we 
started empirical treatment with intravenous ceftriaxone and 
fluid challenge with 20 ml/kg normal saline 0.9% for impending 
circulatory shock. Sodium and potassium depletion was corrected. 
She was transferred to the regional paediatric intensive care unit 
(PICU) for further, diagnostic evaluation and management. 

Additional serological and molecular testing during the PICU admission 
revealed negative infectious serology (negative immunoglobulin (Ig) 
G and IgM for parvovirus B19, cytomegalovirus and Ebstein-Barr 
virus, negative anti-streptolysin titre and anti-DNAse B and negative 
Leishmania DNA). A bone marrow examination was performed. It 
showed a moderately cell-rich bone marrow with mildly reduced 
erythropoiesis and lymphohistiocytic infiltration. There was no evidence 
of neoplasia or haemophagocytosis. Blood and faeces cultures were 
positive for Salmonella paratyphi B. Since the patient’s fever persisted 
after 3 days of antibiotic treatment, other alternative diagnoses, such 
as haemophagocytic lymphohistiocytosis (HLH) were considered. 
Despite a bone marrow without signs of haemophagocytosis, the 
patient fulfilled at least 5 of the 8 clinical and laboratory diagnostic 
criteria as proposed by the HLH-2004 guidelines study: fever, 
splenomegaly, hypertriglyceridemia, high ferritin and a high soluble 
IL-2 receptor (1). Pancytopenia was also present, but the deficiencies 
were too mild to fulfil this criterion. Natural killer cell (NK-cell) activity 
was not tested. 

Ceftriaxone therapy was continued intravenously for 10 days. To 
be on the safe side, because of the possibility of S. paratyphi drug 
resistance to ceftriaxone because of persistent fever after 48 hours, 
we pragmatically added oral azithromycin for 5 days, while waiting 
for the result of the antibiogram. We considered the patient’s 
recent travel to Iraq and the possibility that she had been infected 
there. However, the susceptibility results showed sensitivity to 
ceftriaxone. In addition to ceftriaxone and azithromycin, we added 
intravenous dexamethasone at a dose of 0,15mg/kg for 5 days due 
to persistent fever after 48 hours. Due to another fever spike on the 
5th day of intravenous dexamethasone treatment, we prolonged 
the treatment orally for 3 days at a dosage of 5 mg/m2. After 

this, the patient had no more fever. Despite the absence of bleeding, 
the patient presented with depleted serum fibrinogen (reported as too 
low by our laboratory) which required suppletion with 3 g intravenous 
fibrinogen (Haemocomplettan®) (7). Thereafter, there was a rapid clinical 
and laboratory improvement. All laboratory parameters normalised. She 
was discharged after 14 days of hospitalisation, including 7 days in the 
PICU. Immunological tests conducted during outpatient follow-up at 6 
weeks after discharge showed a transient low CD-19 cell count of 197 
x106/L (normal range: 300-700 x106/L). This normalised spontaneously 
after 5 months. There was no depletion of other lymphocytes, including 
NK-cells: 441 x106/L (normal range: 100-600 x106/L). 

We concluded that this patient suffered from a secondary form of 
HLH triggered by the infectious agent, S. paratyphi B. The elevated 
liver enzymes and lipase were believed to be related to the multiorgan 
involvement caused by either the HLH or Salmonella sepsis, or both. 
However, it is not unthinkable to consider the side effects of ceftriaxone. 

Literature search
To our knowledge there are no similar reports of secondary HLH 
caused by Salmonella paratyphi B in children. We, therefore, conducted 

adequate treatment of the underlying infection in combination with 
corticosteroids (3). However, if the patient does not respond within 24-
48 hours, a full HLH therapy including chemotherapy such as etoposide 
as proposed in the HLH 2004 guidelines, may be necessary (1, 4). 

Case report
An 8-year-old girl with no relevant medical history presented to the 
emergency department of the Elisabeth-Tweesteden Hospital (ETZ) in the 
Netherlands with a fever of 8 days’ duration. Her parents reported that 
she had an average of three watery stools per day and she was suffering 
from extreme fatigue. A conjunctival injection of the left eye which they 
had initially observed, had resolved. There were no sick contacts at home 
or at school. She had received all the recommended immunizations. The 
last time she had travelled to the north of Iraq, her country of origin, 
had been 4 months ago. Her medical history was otherwise uneventful. 
On presentation, monitoring of her vital signs showed a free airway, 
respiratory rate of 28/min (normal value 15-25/min), oxygen saturation 
of 98% (normal value >95%), heart rate of 135 beats/min (normal value 
70-120 beats/min), normal blood pressure of 105/59 mmHg (systolic 
blood pressure 50th percentile 90-110 mmHg) and body temperature 
of 36.9°C (normal value 36.5-37.5°C) (5). 

Table 1: Main blood laboratory parameters on presentation to the emergency department.

1 Normal values as reported by the local laboratory of the Elisabeth-Tweesteden Hospital Tilburg.

Laboratory parameter Laboratory value Normal value1

Haemoglobin 6,6 mmol/L (↓) 7,2-9,6 mmol/L

Leucocytes 2,9 10E9/L (↓) 4-11 10E9/L

Absolute lymphocytes 0,6 10E9/L (↓) 1-5 10E9/L

Thrombocytes 50 10E9/L (↓) 150-400 10E9/L

APTT 32,6 s 24-37 s

PT 12,8 s 10-13,5 s

D-dimers >128000 ng/mL (↑) <500 ng/mL

Fibrinogen 1,93 g/L (↓) 2-4,5 g/L

pH 7,47 (↑) 7,32-7,43

pCO2 4,3 kPa (↓) 5,5-6,8 kPa

Bicarbonate 24 mmol/L 23-29 mmol/L

Base excess 0,4 mmol/L -3 - 3 mmol/L

Lactate 0,9 mmol/L 0,5-2,2 mmol/L

Glucose 6,4 mmol/L 4-7,8 mmol/L

Urea 4,3 mmol/L 2,5-6 mmol/L

Creatinine 58 µmol/L 15-72 µmol/L

Uric acid 0,25 mmol/L 0,15-0,40 mmol/L

Sodium 124 mmol/L (↓) 135-145 mmol/L

Potassium 2,5 mmol/L (↓) 3,6-5 mmol/L

Calcium 2 mmol/L (↓) 2,2-2,7 mmol/L

Gamma GT 14 U/L <40 U/L

ASAT 201 U/L (↑) <31 U/L

ALAT 40 U/L (↑) <35 U/L

LDH 1466 U/L (↑) < 350 U/L (2-12 years)

CK 932 U/L (↑) <145 U/L

Hs-Troponin T 11 ng/L <12 ng/L

NT-Pro-BNP 17,3 pmol/L (↑) <9,8 pmol/L

Triglycerides (non-fasting) 3,87 mmol/L (↑) <2 mmol/L

Ferritin 12986 µg/L (↑) 8-110 µg/L

Haptoglobin <0,1 g/L (↓) 0,3-2 g/L

CRP 157 mg/L (↑) <10 mg/L

Albumin 37 g/L 35-50 g/L

Soluble IL-2 Receptor >7500 U/mL (↑) 158-623 U/mL
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First author Year 
publication Country Patient details Cultured  

Salmonella species
HLH criteria mentioned  
(HLH-2004 study) Treatment Comments

Benz-Lemoine (8) 1984 France 7-year old,  
boy (with CGD)

S. typhimurium  
(blood culture)

Fever, splenomegaly, 
cytopenia(s), BME showing 
haemophagocytosis.

NA Case report.

Udden (9) 1986 United 
States

17-year old,  
boy

S. typhi  
(blood culture)

Fever, pancytopenia, 
BME showing 
haemophagocytosis.

NA Case report.

Fame (10) 1986 United 
States

13-year old,  
girl

S. typhi  
(stool and blood 
culture)

Fever, splenomegaly, 
pancytopenia, 
BME showing 
haemophagocytosis

Ampicillin IV switch to 
amoxicillin PO switch 
to trimethoprim-
sulfamethoxazole IV then PO

Case report.

Mallouh (11) 1987 Saudi Arabia 3 children S. typhi
Fever, cytopenia(s), 
BME showing 
haemophagocytosis 

NA Case series.

Stéphan (12) 2001 France 1 child S. enteritidis
Fever, splenomegaly, 
hypofibrinogenaemia, 
hypertriglyceridaemia

NA Retrospective 
study.

Caksen (6) 2003 Turkey 6-year old,  
boy

Positive Widal test  
for S. typhi

Fever, splenomegaly, 
pancytopenia, 
BME showing 
haemophagocytosis 

Chloramphenicol PO Case report.

Pandey (14) 2012 India 10-year old,  
boy Positive Widal test 

Fever, splenomegaly, 
pancytopenia, 
elevated ferritin, 
hypertriglyceridaemia, 
BME showing 
haemophagocytosis 

Ceftriaxone IV Case report.

Pande (13) 2016 India 13-year old,  
girl

Positive Widal test, 
Salmonella  
(blood culture)

Fever, splenomegaly, 
pancytopenia, 
elevated ferritin, 
hypertriglyceridaemia, 
BME showing 
haemophagocytosis 

Cefeperazone+sulbactam 
IV switch to 
piperacillin+tazobactam IV, 
prednisolone IV and PO

Case report.

Abbas (15) 2018 Pakistan 4-year old, girl S. typhi  
(blood culture)

Fever, pancytopenia, 
elevated ferritin, 
hypertriglyceridaemia, 
hypofibrinogenemia, 
BME showing 
haemophagocytosis 

Ceftriaxone IV switch  
to tazobactam IV Case report.

Uribe-Londono (16) 2018 Colombia 8-year old,  
girl

S. typhi  
(bone marrow  
and blood culture)

Fever, splenomegaly, 
pancytopenia, 
elevated ferritin, 
hypertriglyceridaemia

Piperacillin-tazobactam IV 
with switch to ciprofloxacin, 
IVIG

Case report 
and literature 
review.

Sánchez-Moreno (17) 2019 Spain 7-year old,  
boy

S. typhi (stool  
and blood culture)

Fever, splenomegaly, 
pancytopenia, elevated 
ferritin, hypofibrinogenemia

Ceftriaxone IV, 
methylprednisolone

Case report 
and literature 
review.

Yasar (18) 2019 Turkey 14-year old,  
girl

S. typhi (blood 
culture)

Fever, pancytopenia, 
elevated ferritin, 
hypofibrinogenemia, 
BME showing 
haemophagocytosis 

Ceftriaxone IV, 
dexamethasone, IVIG Case report.

Banday (19) 2020 India 12-year-old,  
boy

Positive Widal test,  
S. enteritidis  
(bone marrow  
and blood culture)

Fever, splenomegaly, 
cytopenia, elevated ferritin, 
hypofibrinogenemia, 
BME showing 
haemophagocytosis 

Ceftriaxone IV with 
switch to meropenem IV, 
dexamethasone IV

Case report 
and literature 
review.

Durmus (20) 2020 Turkey 9-year old,  
boy

S. typhimurium  
(blood culture)

Fever, splenomegaly, 
cytopenia, elevated ferritin, 
hypertriglyceridaemia, 
hypofibrinogenemia

Ceftriaxone IV, IVIG Case report.

Wei (21) 2020 China 3-year old,  
boy (with CGD)

S. typhimurium  
(bone marrow  
and blood culture)

Fever, splenomegaly, 
pancytopenia, elevated 
ferritin, elevated soluble 
CD25, hypofibrinogenemia, 
decreased NK cell 
activity, BME showing 
haemophagocytosis

Meropenem IV, 
methylprednisolone Case report.

Dange (22) 2021 India 5-year old,  
girl

Positive Widal test,  
S. typhi 
(cerebrospinal fluid 
and blood culture)

Fever, splenomegaly, 
pancytopenia, 
elevated ferritin, 
hypertriglyceridaemia, 
BME showing 
haemophagocytosis

Ceftriaxone IV, 
dexamethasone, etoposide Case report.

Waeterschoot  
(our report) 2022 The 

Netherlands
8-year old,  
girl

S. paratyphi B  
(stool and blood 
culture)

Fever, splenomegaly, 
elevated ferritin, 
hypertriglyceridaemia, 
hypofibrinogenemia, 
elevated soluble CD25

Ceftriaxone IV, azithromycin 
PO, dexamethasone

Case report 
and literature 
review.

Table 2: Literature review.
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months preceding her illness. Regarding the distribution of patients 
with a S. typhi or S. paratyphi infection, the ECDC reported the following 
percentages in 2017: 68% S. typhi, 20% S. paratyphi A, 10% S. paratyphi 
B, 0,6% S. paratyphi C and 2% S. paratyphi unspecified (28). S. typhi and  
S. paratyphi show some similarities in epidemiology, pathogenesis, mode 
of transmission and clinical signs. Paratyphoid fever often has a milder 
course and is less likely to lead to a chronic carrier status (29, 30). The 
incubation period is between 1-10 days. It has been observed that the 
onset of travel-related infection can occur up to months after the end 
of travel (31). In this case chronic stool carriership was not determined 
in the girl’s household members. 

Finally, it is important to note that the diagnosis of HLH in a patient with 
enteric fever can be challenging, as mild pancytopenia, persistent fever 
and splenomegaly may be related to both the enteric fever itself and HLH 
(4). Maybe the suspicion of HLH in this case would have been low in a 
high-endemic low-income country due to the scarcity of sophisticated 
diagnostic test methods such as soluble IL-2 receptor, NK cell activity 
and a bone marrow examination. Perhaps the diagnosis would have been 
severe enteric fever. This is different in our low-endemic high-income 
country, with less exposure to severe enteric fever, but more availability 
of advanced diagnostic methods to confirm the diagnosis of HLH (32). 

Conclusion
This case illustrates the importance of considering a Salmonella infection 
in the differential diagnosis of HLH in patients with severe infection of 
enteric origin, without a history of recent travel to an endemic area.
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Keywords
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Abstract
Prescribing intravenous maintenance fluids is a daily practice for pediatricians worldwide. Failure to administer the correct fluid type or rate can impact morbidity 
and mortality. Despite this, different regimens are used based on old guidelines. This narrative review aims to formulate a guideline for the Belgian clinician. We 
searched databases for manuscripts on pediatric intravenous maintenance fluid therapy. Studies were evaluated on seven relevant topics, and our expert group 
discussed, formulated, and reviewed recommendations, resulting in a guideline for hospitalized children outside the neonatal period. We recommend the use of 
isotonic, preferably balanced, solutions with glucose 5 g/L and potassium 20 mEq/L with a restricted rate in most hospitalized children. Our guideline also provides 
recommendations for work-up and daily monitoring to avoid complications during maintenance therapy. Specific situations or comorbidities may warrant a tailored 
approach, as shown in the proposed algorithm.

Introduction
Intravenous (IV) fluid therapy is one of the most common interventions 
in hospitalized children (1). Several reasons for prescribing IV fluid 
therapy can be distinguished: to resuscitate (and correct a relative or 
true fluid deficit), to replace (and correct abnormal losses, e.g., drains, 
burns, diarrhea, vomiting), or to maintain. Although there is no single 
definition for IV fluid maintenance, it is usually described as the water 
and electrolyte prescription designed to replace anticipated physiologic 
water and electrolyte losses over the ensuing 24-hour period (2). It aims 
to maintain electrolyte and free water homeostasis while also providing 
a source of energy (2-5).

Fluids can thus be administered for different reasons, sometimes even 
simultaneously, and as such might have different contents and rates 
(2). Careful prescription, administration and monitoring of IV fluids are 
critical (6). Failure to administer IV fluids correctly can significantly 
impact morbidity and mortality (7). Prescribing them should be done with 
the same caution and accuracy as prescribing medications, considering 
the 4 D’s: drug (which fluid?), dose (what rate?), duration (how long?), 
and de-escalation (monitoring) (8).

Our group has recently published a consensus recommendation on 
pediatric fluid resuscitation for the Belgian clinician (9). This narrative 
review will focus on IV maintenance therapy in hospitalized children. 
Based on this, we aim to formulate a guidance for Belgian clinicians 
applicable to children outside the neonatal period and under 15 years 
of age, in order to harmonize the quality of IV maintenance fluid 
administration in pediatrics according the current state of the art.

Methods
There is no MESH term for ‘maintenance fluid,’ so we searched the 
databases PubMed and Embase for English articles with the terms: 
‘infusions, intravenous,’ or ‘fluid therapy’ combined with ‘child’ and 
the free text term: ‘maintenance.’ We identified 1056 articles (Figure 
1). These articles were screened for titles and abstracts: articles on 
IV fluid resuscitation, replacement, or other use were excluded. Other 

exclusion criteria included adults or neonates. The remaining 187 articles 
were retrieved and assessed. Articles concerning children with specific 
underlying diseases (e.g., diabetic ketoacidosis) or fluids used per-
operatively were excluded. In the end, 87 articles were retained. In 
addition, the reference lists of landmark papers were also checked. 
In concordance with journal guidelines, the most important ones were 
withheld in the reference list. 
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Figure 1: Prisma flowchart.
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Studies were evaluated on seven relevant topics: target population, fluid tonicity, 
balanced or non-balanced fluid, glucose, potassium and other components, rate 
and monitoring. A series of recommendations were derived and voted by our 
expert group through two rounds of voting using a modified Delphi process to 
reach consensus. For each question, the consensus within the expert group is 
expressed as a percentage. In most cases, the consensus was strong (>90%). 
Based on these recommendations, an algorithm was proposed.

Results
Recommendation 1.  
Our IV maintenance guideline is applicable  
for children < 15 years (excluding neonates)  
in whom enteral fluid is not allowed or possible (consensus 86 %).

A practical approach regarding pediatric maintenance fluid is presented 
in Figure 2. This guideline concerns only maintenance fluid in children 
younger than 15 years of age, excluding neonates. It should be 
distinguished from fluid therapy in resuscitation, or during rehydration 

or replacement (e.g., burns, diabetes insipidus, diarrhea…). The expert 
group agreed that, where possible, maintenance fluid should always be 
provided orally or enterally, unless not possible or allowed. The need 
for (total or partial) IV maintenance fluid should be reconsidered daily.

Our proposed IV fluids cannot be given for a prolonged period of time. 
If the child is unable to start enteral intake within a week, parenteral 
nutrition should be considered (10).

In neonates, our proposed glucose content may be too low, with the risk 
of developing hypoglycemia, and the sodium content maybe too high (7). 
For the upper age limit, we base ourselves on the common definition of 
a child according to the pediatric care program.

This guideline is easily applicable in many patients with adequately 
functioning homeostatic renal, cardiocirculatory and metabolic systems. 
However, there is no “one size fits all” fluid. Most hospitalized children have 
underlying conditions or diseases, and their needs may vary accordingly 
(10-15). Some of the conditions that require careful consideration are 
added in the presented algorithm (Figure 2). The list is not exhaustive 

Figure 2: Proposed algorithm for pediatric maintenance fluid in children < 15y, neonates excluded.

Enteral intake possible?

Provide maintenance enterally
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but provides a good overview (3, 10, 16). In these circumstances, the 
choice of IV fluid, its rate and its content should be tailored to the child’s 
underlying illness and regularly reevaluated.

Recommendation 2.  
Maintenance fluid should be isotonic (consensus 100 %).

Tonicity refers to the effect an IV fluid has on the osmolality of the 
extracellular fluid (ECF) (Table 1) (7). An isotonic solution has a 
concentration of dissolved particles equal to that of intracellular fluid 
(ICF). Osmotic pressure will be the same inside and outside the cells, so 
no fluid movement occurs. The tonicity of IV fluids is mainly determined 
by the concentration of sodium. However, different ranges of isotonicity 
are used throughout literature with sodium concentrations of 121 - 160 
mmol/L (Cochrane), 131 - 154 mmol/L (National Institute for Health and 
Care Excellence or NICE) and 130 - 154 mmol/L (American Academy of 
Pediatrics or AAP) (1, 3, 7).

For decades, maintenance fluids in children were hypotonic, following 
recommendations by Holiday and Segar in 1957, who based maintenance 
requirements for water on caloric expenditure (5). This resulted in 
glucose-containing solutions with low sodium content. Because glucose 
is metabolized to carbon dioxide and water once it enters the cell, the net 
result is a hypotonic solution. Case reports and observational studies in 
the 1990s followed by reviews in the early 2000s, suggested a potential 
for hyponatremic encephalopathy and mortality with hypotonic fluids 
(17). Hypotonic fluids can generate dilutional hyponatremia, leading to 
an osmotic shift of free water from the ECF to the ICF. This is particularly 
worrisome in the brain, where edema could trigger hyponatremic 
encephalopathy, characterized by apathy, vomiting, agitation, headache, 
convulsions and coma. Children are at higher risk as they develop 
hyponatremic encephalopathy on higher plasma sodium levels than 
adults. Moreover, due to a higher brain/skull ratio and because children’s 
brains contain more water, there is a higher risk of brain herniation 
(6, 18). Even mild hyponatremia was associated with adverse clinical 
outcomes in children (18).

The following years were characterized by ongoing debates between 
those in favor of isotonic solutions (arguing that fluids containing higher 
sodium reduce the risk of hyponatremia due to an inability to excrete free 
water) and those in favor of hypotonic solutions (who relate hyponatremia 
to excess volume administration and not to a dilutional effect of free water 
intake) (17). In the end, different randomized controlled trials (RCTs), 
systematic (Cochrane) reviews and meta-analyses provided increasing 
evidence that compared to hypotonic maintenance fluids, isotonic 
solutions do significantly reduce the risk of hyponatremia, particularly 
the first 24 hours, with some evidence that this effect persists at 48 hours 
(1-4, 7). Currently, supporting data are available in pediatric intensive 
care units (PICU) and non-intensive care settings: fluid type and not rate 
or volume, is the strongest significant predictor of hyponatremia (1, 3).

The use of isotonic fluid could theoretically cause hypernatremia (4). 
However, different studies and a meta-analysis did not support this 
(1, 3). Inadequate fluid volume is thought to be more important to the 
development of hypernatremia than the actual amount of sodium (18).

Another theoretical concern with the use of isotonic fluids is the so-
called sodium load (19). In adult patients, it is thought that an additional 
sodium burden, produced by the administration of isotonic fluids, could 
lead to a positive fluid balance and respiratory complications (20). The 
underlying mechanisms may be the inability of the kidneys to deal with 
a relatively high sodium load, which may promote fluid retention by 
inhibiting diuresis at renal collecting tubules (16). This effect is thought 
to be significant in cases of impaired diuresis or capillary leak (16). 
Reviews in pediatrics do not support this (16, 21, 22). However, a tailored 
approach with appropriate monitoring, bearing comorbidities in mind, 
should be advocated in very sick children (16).

When the risk of hypotonic fluids became apparent, new guidelines 
emerged with a shift from hypotonic to isotonic fluids (1, 4, 22). NICE 
recommends the use of isotonic crystalloids that contain sodium in the 
range of 131 - 154 mmol/L (7). The advice of both the AAP (promoting 
the use of isotonic solutions with appropriate potassium and dextrose) 
and the Canadian Pediatric Society (NaCl 0.9% with addition of glucose 
5%) is similar (3, 23). A more recent article from the European society 
of Pediatric and Neonatal Intensive Care (ESPNIC) suggests that isotonic 
balanced solutions providing some glucose (4 - 10%) and limited amounts 
of potassium (+/- 4 mmol/L), would meet most children’s requirements 
of IV maintenance fluid (2).

Despite these guidelines from highly respected institutes, a survey 
in 2021 still showed a wide variation in practice in prescribing IV 
maintenance fluids in hospitalized children, both in PICU and pediatric 
wards (22). Our own survey amongst Belgian pediatricians supports these 
findings: more than 50% of all pediatricians continue to use (different) 
hypotonic fluids as maintenance therapy with a wide variation (data to 
be published). Breaking through dogmas that have been followed for 
decades is always difficult. On top of that, most recommendations lack 
practicality and do not include all elements of IV maintenance fluids.

Recommendation 3.  
Maintenance fluid should be preferably balanced (consensus 100 %).

A balanced solution has the entire content of all electrolytes equal 
to plasma, whilst at the same time maintaining electrical neutrality 
(the number of free cations equals the number of free anions). Most 
commercially available IV fluids add organic anions such as acetate or 
lactate (which are metabolized to bicarbonate) to balance the total amount 
of positive cations. NaCl 0.9% however, contains a supra-physiological 
concentration of chloride (Table 2). When using NaCl 0.9%, the rise in 
plasma chloride leads to increased excretion of bicarbonate and metabolic 
hyperchloremic acidosis ensues (16). This may be especially prominent in 

cases of increased bicarbonate losses (e.g., diarrhea) 
or when large volumes are used as in resuscitation (3, 
16). Using balanced fluids lowers the risk of metabolic 
hyperchloremic acidosis (24). The latter showed to 
be related to worse outcomes in adults, including 
increased acute kidney injury (AKI) and mortality (25). 
Hyperchloremia alone was associated with morbidity 
and mortality in pediatric sepsis (26).

There is much data on the use of balanced fluids in 
resuscitation or perioperatively (9, 27). When looking 
at maintenance fluids, studies are scarce. In a meta-
analysis of 5 studies with 283 patients, balanced 
solutions slightly but significantly reduced the length 
of stay (LOS) in critically and acute ill children (2). 
Another RCT also favored the use of balanced fluids 
postoperatively (28). In a retrospective cohort study, 
NaCl 0.9% as a maintenance fluid was a predictor of 
hyperchloremic acidosis, but this was not associated 
with an increased risk of AKI, feeding intolerance 
or PICU-acquired weakness. Of equal importance 

Type  
of fluid

Effect on extracellular fluid Examples

Hypotonic Decreases osmolality and ECF

Dextrose 5 - 10%  
Glucion 5 - 10%  
Glu 2.5% / NaCl 0.45%  
Glu 3.3% / NaCl 0.3%

Isotonic No effect
NaCl 0.9%  
Plasmalyte  
Hartmann’s solution

Hypertonic Increases osmolality and ECF
NaCl 3%  
NaCl 5%

ECF = extracellular fluid

Table 1 : Tonicity.
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was the conclusion that substantial sources of chloride load appeared 
to come from fluids administered with medications and IV flushes (29). 
Other studies could not demonstrate beneficial effects of balanced fluids 
as maintenance (18).

A theoretical benefit of balanced solutions is their buffering effect: lactate 
and acetate are metabolized into bicarbonate, which alkalinizes plasma 
and could be beneficial in metabolic acidosis, a hallmark of shock. NaCl 
0.9% on the other hand, could be beneficial to counter alkalosis occurring 
in significant vomiting (e.g., pyloric stenosis).

Studies in this area are not robust enough to be conclusive at this 
stage. Although the occurrence of hyperchloremic acidosis when using 
NaCl 0.9% seems common, more trials are needed to define its clinical 
importance (6, 10, 29). Yet balanced fluids have many physiologic 
advantages. Considering the limited extra cost and potential benefits, and 
in accordance with NICE, AAP and ESPNIC, the expert panel unanimously 
recommended using preferably balanced solutions (1-3). 

There is a lack of evidence to recommend one balanced fluid over 
another, but Plasma-Lyte 148® seems to be a suitable choice for general 
use and even more in critically ill children because of its low chloride 
content (Table 2) (7, 10). Lactate buffer solutions should not be used in 
case of severe liver dysfunction to avoid lactic acidosis.

Recommendation 4.  
Maintenance fluid should contain an appropriate amount  
of glucose (50 g/L) (consensus 100 %).

Glucose alters the osmolarity of IV fluids, but because it is rapidly 
metabolized after entering the bloodstream it does not affect the tonicity 
of solutions in vivo (3, 6). Glucose in maintenance fluid is necessary 
to prevent starvation ketoacidosis and hypoglycemia but cannot be 
excessive to avoid hyperglycemia. Guidelines remain vague about its 
concentration: sufficient but not excessive (2).

Again, most of the available data on the use of glucose-containing 
solutions in children is derived from a perioperative setting: a 
concentration of glucose of 1 to 2.5% is recommended as a compromise 
between hypoglycemia (and lipolysis) and hyperglycemia (due to stress-
induced insulin resistance) (30). These concentrations may however not 
provide enough glucose if used outside the perioperative setting (2). 
In one trial almost 40% of children <6 years receiving glucose 2.5% 
postoperatively developed hypoglycemia and/or ketosis (18). The use of 
glucose 5% in these circumstances might be a safer approach and it 
does not seem to induce hyperglycemia (11).

The expert panel recommends that glucose (50 g/L) be added to pediatric 
maintenance IV fluids guided by bedside glycemia monitoring. However, 
local compounding may pose significant risks to the patient regarding 
the uncertainty in physicochemical stability, microbial contamination, 
prescription and preparation errors in electrolyte manipulation, and 

alteration of the tonicity and/or the balanced nature of the original fluid 
(31). A commercially available balanced isotonic fluid containing 5% glucise 
could be PlasmalyteG5, available in Belgium. The use of higher glucose 
concentrations (e.g. 100 g/L) could be considered for subgroups outside 
our target population (e.g., neonates) or when severe fluid restriction is 
needed.

Recommendation 5.  
Maintenance fluid should contain 20 mEq/L of potassium (consensus 
83 %). There is insufficient evidence to recommend routinely adding 
other electrolytes, vitamins or trace elements (consensus 100 %).

Evidence is lacking on the use of potassium in IV maintenance fluid; it is 
probably not necessary to add potassium if only a short period must be 
bridged (6). However, If the period is longer, the addition of potassium 
is important and should be appropriate: it helps regulate fluid balance, 
muscle contractions and nerve signals (3, 10). Usually, a daily intake of 
about 2 mEq/100 mL/day is advocated, based on the same article by 
Holiday and Segar, after confirmation of normal serum potassium and in 
patients without concern for hyperkalemia (e.g., severe kidney disease, 
rhabdomyolysis) (5, 10, 16). Note that the recommended daily potassium 
intake is based on 100 mL of fluid to be infused and not on kg of body 
weight, which is routinely forgotten (12). 

If a total of 20 mEq/L is used, potassium intake will decrease from 3 
mEq/kg/day in an infant of 3 kg, to 2 mEq/kg/day in a toddler of 10 kg, 
1 mEq/kg/day in a child of 30 kg and 0.6 mEq/kg/day in an adolescent 
of 60 kg, acceptable amounts to temporarily meet daily need. Several 
RCTs contained 20 mmol/L of potassium, but there were no data on 
serum potassium levels (10). If a balanced solution is used, it is thought 
that no additional potassium is needed (10). However, most balanced 
solutions contain only around 5 mEq/L of potassium (Table 2).

Careful attention should be paid to the child with kidney failure. Fluids 
containing potassium, such as balanced crystalloids, have historically 
been avoided in these children due to the risk of hyperkalemia. However, 
their potassium content is usually lower than that of a hyperkalemic 
patient. Moreover, potassium shifts (due to unbalanced solutions) 
may have a greater effect on the serum potassium than the actual 
concentration of potassium in the infused solution. For most patients 
(with or without hyperkalemia) the effect of the potassium already present 
in balanced solutions is minimal. 

There is insufficient evidence for the routine addition of magnesium, 
calcium, phosphorus, vitamins or other trace elements to maintenance 
fluid outside the neonatal period (2). Therefore, we don’t recommend 
it except in children with observed deficiencies. Some balanced fluids 
contain calcium (e.g., Ringer’s lactate or Hartmann’s solution), which 
is incompatible with blood products or ceftriaxone (6). The addition of 
magnesium (as in Plasma-Lyte 148® with or without glucose) is presumed 
to have less significant incompatibilities (6, 10).

Substance Plasma NaCl 0.9% Ringer’s lactate Hartmann’s solution Plasmalyte

Sodium 135 - 145 154 130 131 140

Potassium 4.0 - 5.0 0 4.5 5 5

Calcium 2.2 - 2.6 0 2.7 4 0

Magnesium 1.0 - 2.0 0 0 0 1.5

Chloride 95 - 110 154 110 111 98

Acetate 0 0 0 0 27

Lactate 0.8 - 1.8 0 28 29 0

Gluconate 0 0 0 0 23

Bicarbonate 23 - 26 0 0 0 0

Table 2 : Content of different isotonic solutions (all mmol/L).
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Recommendation 6.  
Rate should be based on the Holliday/Segar or BSA (if > 10 kg) 
formula, provided the following restrictions are applied:  
do not exceed 100 mL/h, restrict in children with non-osmotic ADH 
release, and include all fluids given (par)enterally (consensus 89%).

Holiday and Segar (H/S) published their data on maintenance water 
requirements parenterally in 1957. They observed a linear relationship 
between water needs (urinary and insensible losses (ISL)) and energy 
metabolism. Since maintenance therapy replaces these losses, water 
requirements roughly equal caloric expenditure (1 mL of water equals 1 
kcal). The relationship between weight and energy expenditure on the other 
hand was nonlinear. The caloric expenditure, and therefore fluid requirement, 
for the hospitalized child was arbitrarily estimated to be midway between 
the basal energy requirement and the energy requirement of normal active 
children (Figure 3). The nonlinearity led to the well-known formula of 
maintenance needs: 100 mL/kg/day for the first 10 kg, 50 mL/kg/day for 
the next 10 kg and 20 mL/kg/day for each kg over 20 kg (Table 3) (5). In 
anesthetics, the formula was simplified to an hourly requirement referred to 
as the “4-2-1 rule” (4 mL/kg/h for the first 10 kg, 2 mL/kg/h for the second 
10 kg and 1 mL/kg/h for each subsequent kg). In 1980, Oh alternatively 
changed the formula into: 4 mL/kg/h for children between 3 - 10 kg, 20 
mL/h + weight (kg) × 2 mL/h for children between 10 - 20 kg, 40 mL/h + 
weight (kg) for children over 20 kg (13). It was only later that Adelman and 
Solhaug calculated the rate using the body surface area (BSA), assuming 

that caloric expenditure is related to BSA (1500 - 1600 mL/m2/day). Their 
method however cannot be used for children under 10 kg.

The H/S formula remains the most widely used formula since its original 
publication many decades ago. Although safe and easy to use, some 
remarks should be considered. 

First, a maximum of 2400 mL/day should not be exceeded (7, 10). 
Second, there is often confusion about the difference between oral and 
IV fluid requirements for infants. The water requirement is identical for 
both routes of administration (100 mL/kg/day). However, the relatively 
low energy density of milk means that infants need larger volumes of 
milk to provide adequate nutrition, leading to volume of 150-170 mL/
kg/day if all intake is enteral. 

Third, all fluids administered to a child must be considered, including 
fluids as medication vehicles and flushes to keep lines open which 
often contribute to a significant volume load (29). These fluids have 
been termed fluid creep and should be subtracted from the total daily 
maintenance needed before prescribing rates (14). 

Finally, the total maintenance fluid as calculated by the H/S formula was 
based on the usual water and electrolyte requirements of the average 
hospitalized child fifty years ago. Today, the average hospitalized child 
is different, with many having complex diseases, undergoing complex 
operative procedures, often with substantially shortened LOS. Often 
these children have increased levels of antidiuretic hormone (ADH), 

which reduces the ability to excrete free water (6, 10). Excess 
ADH secretion due to non-osmotic stimuli can result from 
postoperative stress, central or respiratory infection, persistent 
nausea, coma, head injury or positive pressure ventilation, to 
name but a few (6, 17, 18). These children require less fluid 
than prescribed by the abovementioned formula (2). If fluid 
is not restricted, hyponatremia will develop regardless of its 
tonicity (15). The safest approach is tailoring fluid need by 
assessing urine output and concentration, but this approach 
is difficult to achieve and not practical. Different restrictions 
of calculated fluid requirements by the H/S formula have been 
proposed: 50 - 66% in children with central or respiratory 
infections, 65 - 85% for children in PICU, and 50 - 60% 
in several central nervous conditions (e.g., cerebral edema, 
meningitis, encephalitis, or major head injury) (2, 6, 10). NICE 
recommends fluids restriction to 50 - 80% or fluid reduction 
calculated based on ISL within the range of 300-400 mL/m²/
day plus urinary output (7).

Even in the absence of increased ADH secretion, other situations 
may warrant careful fluid prescription, such as when children 
are at risk for edema, as in heart, kidney or hepatic failure (2). 
Fluid requirements can also increase in children with high solute 
loads, such as glycosuria in diabetic ketoacidosis, or severe 
catabolism with high protein losses as in burns or crush injuries. 
To a lesser extent this may also be the case in children with 
recurrent episodes of high fever or prolonged tachypnea. In these 

Weight (kg) H/S 4-2-1 Oh

<10 100 mL/kg/day 4 mL/kg/h 4 mL/kg/h

10 – 20
1000 mL/d 
+ 50 mL/kg/day for kg > 10 kg

40 mL/h  
+ 2 mL/kg/h for kg > 10 kg

20 mL/h +  
weight (kg) x 2

> 20
 1500 mL/day 
+ 20 mL/kg/day for kg > 20 kg

60 mL/h  
+ 1 mL/kg/h for kg > 20 kg

40 mL/h  
+ weight (kg)

Alternative approach for children > 10 kg based on body surface area: 1500 - 1600 mL/m2/day

Alternative approach if strict fluid balance is required: ISL within the range of 300-400 mL/m²/day plus urinary output.

H/S = Holliday and Segar. ISL = insensible losses.

Table 3 : Different ways to calculate rate (excluding neonates).

Figure 3: Energy expenditure in children with normal activity, basal and 
when hospitalized. Adapted from Holliday and Segar (5)..
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children the BSA formula may be more appropriate, adding the increased 
amount of ISL (extra 100 mL/m2/day for each degree above 37.8°C).

Restricting IV maintenance fluid tends to lower the LOS in the PICU, 
and other studies have shown a lower occurrence of hyponatremia (2). 
However, robust data are difficult to obtain, when maintenance therapy 
has been applied erroneously (e.g., as a deficit therapy for which it was 
not designed) or the exact volume provided is not reported. 

Taking all of this into consideration, the expert panel decided that either 
the H/S or BSA (if > 10 kg) can be used, but only if these restrictions 
are strictly followed:

- �A rate of 100 mL/h should not be exceeded.

- �Restrict the rate (50 - 80%) in children with conditions at risk for 
non-osmotic ADH release.

- �All fluid, including fluid creep and enteral fluid, should be considered.

Recommendation 7.  
Regular monitoring is mandatory when giving IV maintenance fluid to 
children to prevent fluid overload and prolonged stay (consensus 92 %).

If indicated, IV maintenance should be considered after a work-up 
including at least weight and an evaluation of the hydration status (both 
clinically and by blood tests including glycemia, electrolytes and kidney 
function tests) (3, 7). During IV maintenance therapy it is recommended 
to monitor the child (heart rate, blood pressure) and to check the fluid 
balance and weight regularly. Fluid balance charts are notoriously 
difficult to maintain accurately, clinical assessment is not always easy 
and objective, and even urine output can be difficult to follow, especially 
in a young child. Daily measurement of body weight is the most optimal 
fluid balance parameter but is not always feasible in a very sick child (7, 
10). However, we recommend assessing body weight daily in children 
under two years of age and 2-3 times per week in older children. A 
change of 5% of body weight should alert the clinician to reconsider 
fluid intake (2). In acutely ill children, electrolyte concentrations should 
be checked at least daily (2, 7). In other children this should be done 
according to the risk level and proportion of IV maintenance fluid (e.g., 
daily if > 50% of maintenance fluid requirements are intravenous) (10). 
In case of electrolyte abnormalities, paired urine and plasma osmolarity 
and electrolyte profiles may be useful to guide fluid prescription (10). 
A combination of careful monitoring of clinical signs, strict recording of 
fluid intake and output and measurement of patient weight is likely to 
be more effective in estimating body fluid status than reliance on one 
single approach.

Conclusion
Our group attempted to provide the Belgian clinician with recommendations 
regarding IV maintenance therapy in hospitalized children. Outcome 
proved to be inconsistent between studies and the target population 
was often heterogeneous. Recommendations are therefore based on 
consensus within the expert group, and most, if not all, consistent with 
international guidelines. 

As in other guidelines, we also recommend isotonic, balanced solutions 
with varying glucose concentrations (from 1 to 10%) and an appropriate 
amount of potassium (20 mEq/L) ensuring safe IV fluid therapy in 
children. These solutions should be available in a range of packaging 
formats to reduce their environmental footprint (31). Although isotonic 
balanced solutions containing 5% glucose are available in Belgium, 
their insufficient potassium content makes them less feasible for IV 
maintenance.

Obviously, this is less important if only a few of hours of IV fluid are 
needed. Nevertheless, when maintenance fluids are prescribed, they 
must be given the same consideration as other medicines regarding 
indications and contraindications, content, monitoring and, particularly, 
volume. Giving the wrong solution, the wrong volume, to the wrong 
patient is clearly inappropriate fluid management. The best way to avoid 
dangerous electrolyte imbalances, such as hyponatremia, is to monitor 
fluid balance (weight) and plasma sodium concentration regularly.
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Abstract
Brain abscesses are a rare life-threatening condition in children. Even though the mortality rate has become relatively low in recent years, incomplete recovery 
remains a major concern. Clinical sequelae are associated with delayed diagnosis and treatment, often due to variable or subtle symptoms. We present a 
child with a large brain abscess whose diagnosis was complicated by atypical neurological symptoms. The diagnostic process, treatment and outcome are 
discussed. Brain abscesses may present with variable neurological signs in children. It remains clear that a high index of suspicion is crucial for making a 
timely diagnosis.

Introduction
Brain abscesses are a rare but potentially life-threatening condition in 
children. The incidence has decreased over the last decennia due to 
global improvements in health care and widespread use of antibiotics. 
The international incidence rate is 0.3–1.8 per 100,000 persons, 
and children account for 25% of cases (1, 2). The incidence is higher 
in developing countries (2, 3). Underlying predisposing conditions 
include congenital heart disease and immunosuppression (1, 2, 4, 5).                                                                                                        
Notwithstanding a decrease in mortality over the years, recent data still 
show mortality rates of 4-12% in children (2, 3, 5).  In addition, only 50-
70% of children make a full recovery. Factors associated with incomplete 
recovery and a higher mortality rate are delayed diagnosis, severe 
neurologic impairment at presentation or rapid neurological deterioration, 
and development of complications (1, 2, 5, 6). The predominant 
neurological sequel is epilepsy. Other possible sequelae include motor/
visual/hearing deficits, hydrocephalus and language impairment (7, 8).

Brain abscesses are most commonly the result of pathogens spreading 
to the brain through contiguous sites (middle ear, mastoid or sinus 
infections) or through a skull discontinuity (head trauma or neurosurgery). 
Hematologic spread is less frequent and is typically associated with 
underlying congenital heart disease, pulmonary infection, or pulmonary 
arteriovenous fistula. Rarely, usually in neonates, brain abscesses are a 
complication of meningitis. No predisposing factor can be identified In 
10-30% of brain abscesses.

The causative pathogens are similar to adult cases, with Streptococcus 
species (including Streptococcus pneumoniae) being the most frequent  
(36-70%), commonly associated with sinusitis, otitis media and endocarditis 
(Streptococcus viridans). Staphylococcus species are also common and 
are related to penetrating head trauma. Less frequent are gram-negative 
anaerobic bacilli, Enterobacteriaceae and fungi (2, 4, 5, 9-12). 

In immunocompromised hosts, fungal abscesses (mainly Aspergillus and 
Candida), Toxoplasma, Nocardia species, Listeria and Mycobacterium 
tuberculosis can be identified. Identification of S. viridans, microaerophilic 
Streptococci and Haemophilus species is related to congenital heart 
defect (2, 4, 9, 10). 

In children, the classic symptomatic triad (headaches, fever, and 
neurologic deficits) occurs in only 15-20% of cases, with headaches 
(60-70%) being the most common symptom, followed by fever (50-80%).  

Headaches, vomiting and altered level of consciousness can be 
associated with increased intracranial pressure. Depending on the 
location of the abscess, different focal neurologic signs have been 
described, including seizures, unilateral paresis or motor function 
deficits, cranial nerve palsies, dysphasia, dyspraxia, ataxia, visual 
field defects, eye movement abnormalities, spatial neglect, irritability, 
personality changes and frontal release signs. 

The symptoms and the timing of onset are variable and depend on 
the abscess size and location (2, 4-6, 8, 9, 11). In absence of the 
diagnostic triad, symptoms and signs can be misunderstood, resulting 
in delayed diagnosis (1, 7). 

The golden standard for diagnosis is an MRI with and without contrast. If 
MRI is not available, contrast-enhanced CT is recommended (4, 13, 14).  
Treatment consists of antibiotic therapy, often combined with surgery. Of 
course, the underlying causes should be addressed. According to recent 
guidelines by Bodilsen et al. prompt neurosurgery is recommended 
whenever feasible. Others suggest antibiotic therapy alone in the case 
of multiple or small abscesses (<2.5 cm), when the etiology is known, 
and when patients are in good clinical condition and/or in situations 
where surgery is risky (12, 14, 15).

The surgical approach is a patient-specific decision. Aspiration seems 
suitable for deep-seated, small or multiple abscesses, or when general 
anesthesia is contraindicated. Drainage by craniotomy, craniectomy or 
excision is common for superficial or posterior fossa abscesses and 
post-traumatic or postoperative cases (15). Large abscesses (>2.5 cm),  
behaving as space-occupying processes sometimes require craniotomy 
and excision (12). 

Case report
A fully vaccinated 7-year-old girl, with a history of teeth grinding and 
chronic otalgia for 2 years, presented to our clinic with acute progressive 
left-sided otalgia, abdominal pain and retrosternal pain without fever. 
Clinical examination revealed left-sided myringitis bullosa for which 
analgesic treatment was prescribed. Two weeks later, she reconsulted 
with persistent symptoms accompanied by malaise, vomiting and left-
sided headaches. Otitis media with effusion of the left ear was noted 
in association with myalgia and neck stiffness, although she was still 
afebrile. She was admitted for further investigations. A blood sample 
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However, immunological screening was performed, encompassing 
analyses of white blood cell subsets, immunoglobulin levels (including 
subclasses), complement cascade pathways, pneumococcal vaccine 
antibody response, and splenic function (evaluated by the absence of 
Howell-Jolly bodies). This work-up revealed a mannose-binding lectin 
deficiency, a minor immunodeficiency that occurs in a small part of the 
normal population. Abdominal and cardiac ultrasounds were normal. 

Discussion
Brain abscess is a rare but life-threatening condition in children, 
associated with significant mortality and morbidity. Early detection 
is crucial because delay in treatment is associated with incomplete 
recovery and mortality. However, diagnosis can be challenging, 
especially in absence of the diagnostic triad (headaches, fever, and 
neurologic deficits). A wide range of neurological symptoms have been 
described in combination with headaches and vomiting (1, 2, 4, 5, 7, 9).

Our case describes a large temporal lobe abscess in a child, suspected 
to be of otogenic origin based on the patients’ history. Neurological 
symptoms consisted of impaired awareness with delayed response time 
and personality changes. However, these signs presented intermittently. 
In addition, personality changes are atypical for the abscess location, 
as behavioral disturbances and personality changes are associated with 
frontal lobe abscesses. In contrast, temporal lobe abscesses usually 
cause dysphasia or visual field defects (4, 9).

Furthermore, our patient never experienced fever during the disease 
course, which probably contributed to the delayed diagnosis. In the 
literature, fever appears to be absent in 20-50% of cases (5, 6, 8, 9).

Empiric antibiotics were started after surgical aspiration. The treatment 
duration was 5 months and consisted of IV antibiotics for 3 weeks, 
followed by oral antibiotics for 17 weeks. 

Currently, research determining the treatment duration for pediatric 
brain abscess is lacking. Recent retrospective studies report prolonged 
antibiotic courses. For instance, a 2019 case series reported a median 
treatment duration of 92 days (8). However, the current literature 
recommends antibiotic treatment for 4-6 weeks in surgically treated 
abscesses and a 6-8 week course for conservative treatment.(3, 13, 
15). Notably, Bodilsen et al. recommend treating aspirated abscesses 
similar to nonsurgically managed abscesses, recommending 6-8 
weeks of treatment in both situations (14). Imaging studies should be 
performed at regular intervals to monitor treatment response (13, 14).

In conservatively treated patients, surgery should be reconsidered in the 
case of clinical detoration or when there is no clinical and radiological 
improvement within two weeks. In the case of aspiration, failure to 
see abscess size regression after four weeks is unusual (2, 15). There 
is no consensus on the required abscess size for discontinuation of  
antibiotics (15). In addition, residual contrast enhancement on brain 
imaging may persist for up to 6 months, making it inappropriate to 
prolong antibiotic treatment based on radiological findings alone (14). 

Furthermore, there is currently insufficient evidence regarding the 
role of oral antibiotics in the treatment (14, 15). Arlotti et al. propose 
considering converting to oral treatment when causative pathogens 
and sensitivity profiles are known, and when the antibiotic agent 
demonstrates effective central nervous system penetration (15). More 
research is needed on this subject. 

Our case illustrates an atypical presentation of pediatric brain abscess, 
possibly suggesting less demarcated symptoms related to abscess 
location. In addition, to our knowledge, an intermittent pattern of 
neurological symptoms has not yet been described.

Neurological signs such as focal neurological deficit, new-onset seizures 
or altered mental status along with fever, headaches or other signs of 
increased intracranial pressure, should prompt central imaging studies. 
A lumbar puncture is also indicated to rule out intracranial infection. 
However, if signs of increased intracranial pressure are present, brain 
imaging should always be performed first due to the potential risk of 
brain herniation.

revealed elevated inflammatory markers: white blood cell (WBC) count 
29.6x10E9/L [reference value: 4.5-13.5x10E9/L], C-reactive protein 
(CRP) 82.3 mg/L [reference value: <10 mg/L]. A lumbar puncture was 
unsuccessful due to the patient’s lack of cooperation, but blood and 
urine cultures were collected before empirically starting intravenous 
(IV) ceftriaxone. The blood and urine cultures came back negative, and 
there was a rapid clinical and biochemical improvement with complete 
resolution of symptoms after 4 days. The patient remained afebrile 
during hospitalization and she was discharged with a presumptive 
diagnosis of viral meningitis after 4 days of IV antibiotic treatment.

After discharge, symptoms returned promptly and intermittently. 
Complaint free episodes were alternated with pain and vomiting. 
She remained afebrile. Over-the-counter analgesics and antiemetics 
provided no relief.

After 3 weeks the patient was readmitted because of weight loss (of 
1 kg) and inconsistent signs of meningeal irritation (neck myalgia and 
tenderness on passive neck flexion). Neurological examination on 
admission showed equal pupils and reactive to light, normal deep tendon 
reflexes and normal cranial nerve examination, balance and coordination. 
Except for a slightly elevated CRP (19,6 mg/L), the blood examination 
was unremarkable. Intravenous fluids, analgesics and antiemetics 
provided little relief. Papillary edema was urgently ruled out and an 
otorhinolaryngological examination revealed no middle ear pathology. 

At this time, personality changes were noted as well as impaired 
awareness and increased reaction time. Episodes of irritability and 
delayed responses emerged, often associated with headache and/
or vomiting. However, these symptoms occurred intermittently with 
asymptomatic periods with normal behavior.

An electroencephalogram (EEG) showed focal slowing over the left 
hemisphere. Subsequently, an MRI revealed a brain abscess in the 
left temporal lobe (5,0 cm x 5,4 cm x 5,8 cm) with midline shift, for 
which the patient underwent urgent neurosurgical abscess drainage. IV 
ceftriaxone and metronidazole were then empirically started. Cultures 
were positive for Streptococcus pneumoniae type 21, after which 
ceftriaxone monotherapy was continued according to the sensitivity 
profile. Within one week, central imaging showed decrease in abscess 
size, and the neurological examination and EEG normalized. After 3 
weeks, the patient was discharged with oral amoxicillin. 

Brain MRI after 6 weeks (2,4 x 2,1 x 2,5 cm) and 14 weeks (1,1 cm 
anteroposterior diameter) showed further volume reduction. Based 
on imaging and clinical improvement, the antibiotic treatment was 
discontinued after a total treatment duration of 5 months. One month 
later, MRI showed cystic and fibrotic tissue transformation.

Considering the unremarkable medical history and the involvement of a 
Streptococcus pneumoniae serotype not currently included in available 
vaccines, suspicion of an underlying immunodeficiency was limited. 

Figure 1. Brain MRI performed at readmission of the patient. Axial T2-weighted 
image shows a large mass with a T2-hypointense capsule and T2-hyperintense 
(cystic) content in the left temporal lobe, with surrounding edema (a). The mass 
has a thin enhancing capsule on contrast-enhanced T1-weighted images, the 
central content is not enhancing (b). The cystic content has a high signal on 
diffusion-weighted images (c) with corresponding low signal on the ADC-map 
(image not shown), compatible with thick viscous fluid. These imaging findings 
are pathognomonic for cerebral abscess. Due to mass-effect there was subfalcine 
herniation to the right (images not shown) and a left-sided uncal hernation.
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In conclusion, a high level of suspicion is crucial for early detection 
of pediatric brain abscess, particularly in the case of history of acute 
otorhinolaryngological infections or a skull discontinuity.
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KLIMAATOPWARMING:  

EEN GOEDE HYDRATATIE IS CRUCIAAL OM DE NIEREN  

VAN PASGEBORENEN TE BESCHERMEN!

Verschillende factoren beïnvloeden de niergezondheid van pasgeborenen. Zo kunnen de gevolgen van 
de klimaatverandering, en in het bijzonder hittegolven, een invloed hebben op de ontwikkeling van de 

nieren tijdens de zwangerschap en, later in het leven, op de nierfunctie.1

EEN GOEDE HYDRATATIE, NOODZAKELIJK VANAF DE ZWANGERSCHAP
     Zwangere vrouwen zijn bijzonder kwetsbaar voor de gevolgen van de klimaatverandering, omdat ze meer problemen hebben met 

de thermoregulatie, gevoeliger zijn voor de gevolgen van uitdroging en vatbaarder zijn voor infecties. Blootstelling aan hitte en de 
klimatologische gevolgen daarvan (bijv. bosbranden, luchtvervuilingspieken enz.) worden in verband gebracht met een laag geboorte- 
gewicht en een verhoogd risico op vroeggeboorte en zwangerschapsvergiftiging. Deze factoren worden op hun beurt in verband  
gebracht met een afname van het aantal nefronen, nierfunctiestoornissen en een hogere bloeddruk bij de kinderen op latere leeftijd.1

VAN VERANDERINGEN IN UTERO TOT LANGETERMIJNGEVOLGEN
    Een laag geboortegewicht (< 2,5 kg), een laag gewicht voor de zwangerschapsduur (SGA, gewicht < 10e percentiel), vroeggeboorte 

(PTB, < 37 weken) en/of zwangerschapsvergiftiging zijn in verband gebracht met een hogere bloeddruk, een risico op proteïnurie en 
nierfunctiestoornissen achteraf.1

    Studies hebben de gevoeligheid van de nefrogenese voor blootstelling tijdens de zwangerschap aangetoond: hoewel het aantal 
nefronen toeneemt met het geboortegewicht en de zwangerschapsduur, neemt dit aantal niet meer toe na de geboorte. Blootstelling 
tijdens de zwangerschap heeft dus een levenslange invloed op het nefronenreservoir van een individu.1,2

     Er zijn ook meerdere moleculaire mediatoren betrokken bij de ontwikkeling van de nieren, met name veranderingen in de genexpres-
sie, modulatie van de apoptose, versnelde senescentie en geslachtseffecten, die allemaal gevoelig kunnen zijn voor blootstelling aan 
hitte tijdens de zwangerschap. Andere factoren zoals zwangerschapsvergiftiging kunnen ook bijdragen aan individuele verschillen in 
het langetermijnrisico op het ontwikkelen van chronische nieraandoeningen gedurende het hele leven.1

VEEL BABY’S LOPEN RISICO OP NIERPROBLEMEN
    In 2020 werden wereldwijd bijna 20 miljoen baby’s geboren met een laag geboortegewicht. Naar schatting is 10% van de geboorten 

te vroeg en is één op de vijf baby’s klein in verhouding tot de zwangerschapsduur. De risico’s die gepaard gaan met milieufactoren 
zoals het klimaat verdienen dus speciale aandacht op populatieniveau. Desondanks ontwikkelen niet alle te kleine of te vroeg geboren 
baby’s noodzakelijkerwijs een nierziekte, en het is zeer waarschijnlijk dat andere factoren na de geboorte een rol spelen.1

BELANG VAN LICHT GEMINERALISEERD WATER, OP HET JUISTE MOMENT
    Borstvoeding wordt waar mogelijk aanbevolen voor alle baby’s, zelfs bij warm weer. In dat geval is het niet nodig hen water te geven 

vóór de introductie van vaste voeding, rond de leeftijd van 6 maanden. Als het echter uitzonderlijk warm is of als de baby tekenen van 
uitdroging vertoont, kan een zeer kleine hoeveelheid water worden aangeboden.

    Voor baby’s die flesvoeding krijgen, kan water geïntroduceerd worden vóór de leeftijd van 6 maanden. Water moet geleidelijk  
       en in kleine hoeveelheden worden gegeven. Bij zeer warm weer kan het nodig zijn om de hoeveelheid gegeven water aan te   
             passen.3

                   Omdat de nierfunctie bij pasgeborenen nog onvoldoende uitgerijpt is, is het belangrijk om te kiezen voor zuiver water met  
   een laag mineralengehalte, bij voorkeur uit flessen.4,5

                       De klimaatverandering kan een dubbel effect hebben, zowel op de ontwikkeling van de nieren van de foetus als op de accu 
  mulatie van nierschade na de geboorte. Bij hittegolven is het daarom essentieel ervoor te zorgen dat aanstaande moeders  
  en baby’s goed gehydrateerd zijn.1
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HET BELANG VAN HET 
MICROBIOOM BIJ DE GEBOORTE

JP MANS  Het microbioom van de baby wordt 
vanaf de geboorte gevormd door het contact met de 

vaginale flora na een bevalling via de natuurlijke weg. 
De kolonisatie met bacteriën gebeurt geleidelijk aan en 

in een welbepaalde volgorde. De eerste darmbacteri-
en hebben zuurstof nodig om zich te vermenigvul-
digen (enterokokken, stafylokokken,…). Vervolgens 
is het de beurt aan de bacteriën die zich zonder 
dit gas ontwikkelen (bacteroïden, clostridium, 
bifidobacterium…) 2. Onder invloed van borst-

voeding, meer variatie in de voeding, medi-
sche behandelingen en de omgeving gaat 

de samenstelling van het microbioom 
evolueren. Omstreeks de leeftijd van 

3 jaar stabiliseert het zich.

SPA® REINE 
water en het microbioom 
van de baby

Tijdens de eerste levensmaanden 
speelt het darmmicrobioom 
een belangrijke rol. Gesprek met 
adviseur menselijke voeding 
Jean-Pierre Mans, die uitleg geeft 
over de rol van het microbioom en 
over de noodzaak om de rijkdom 
ervan te behouden om op termijn 
de ontwikkeling van infecties of van 
ziektes zoals diabetes of obesitas 
te voorkomen1.

EEN GOEDE HYDRATATIE
VOOR EEN GOED MICROBIOOM 

JP MANS  Bij het jonge kind speelt hydratatie 
een belangrijke rol omdat het lichaam van de 

zuigeling voor bijna 80% uit water bestaat, tegen-
over 60% op volwassen leeftijd 3. De baby heeft dus 
zeer veel water nodig: 150ml/kg/j4. Licht gemine-
raliseerd water en vooral borstvoeding vervullen 
heel wat functies, waaronder het transport van 

de voedingsstoffen, de vitamines en de mine-
ralen die nodig zijn om de opname ervan te 

vergemakkelijken.

EEN GEWIJZIGD 
MICROBIOOM HERSTELLEN

JP MANS Eén van de risico’s bij diarree of 
gastro-enteritis bij de baby is dehydratatie (tot 15% 

van het gewicht van de baby, vooral vóór de leeftijd van 
zes maanden). In dit geval, en als het kind borstvoeding 

krijgt, moet de moeder daarmee doorgaan. Er moet trou-
wens een rehydratatieoplossing worden toegediend die 
gereconstitueerd is met een licht gemineraliseerd water. Als 
er bovendien een antibioticakuur werd opgestart, moet het 
darmmicrobioom opnieuw worden gekoloniseerd5. 80% 
van de immuuncellen van het menselijk lichaam bevin-
den zich immers in het spijsverteringskanaal. Een ge-

wijzigd darmmicrobioom verhoogt het risico dat de 
baby later infecties of ziekten ontwikkelt 1. In deze 

context kan men zijn toevlucht nemen tot 
probiotica, waarvan bepaalde stam-

men hun nut hebben bewezen.

(1) Harstra et al: Insights into the role of the microbiome in obesity and type 2 diabates, Diabetes care 2015; 38 : 159-65.
(2) Rémy Burcelin, unité INSERM 1048 / Université P. Sabatier & Institut des maladies métaboliques et cardiovasculaires, Hôp. Rangueil, Toulouse.
(3) Fusch et al Water turnover of healthy children measured by deuterated water elimination, Eur J Pediat. 1993; 152 : 110-4.
(4) Hoge Gezondheidsraad, advies nr 8309 (Herziening 2009).
(5) Probiotics in the treatment and prevention of acute infectious diarrhea in infants and children; J Pediatr Gastroenterol Nutr. 2001 Oct;33 Suppl 2: S17-25.
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Abstract
Patients with Duchenne muscular dystrophy (DMD) face an increased risk to develop neurobehavioral problems linked to brain dystrophin deficiency. This PhD thesis 
explores the impact of corticosteroid treatment and genotype on brain morphology and their correlations with neurobehavioral outcomes. Using MRI, significant 
differences in gray matter volumes, subcortical volumes, and brain morphology were found between DMD patients treated daily with corticosteroids and those 
treated intermittently. Additionally, differences were observed based on genotypes. A new term, Duchenne Muscular Dystrophy-Associated Neurobehavioral 
Difficulties (DuMAND), and the DuMAND Checklist were introduced for systematic screening of neurobehavioral difficulties in DMD. Finally, clinical experiences with 
psychopharmaceuticals to treat severe neurobehavioral difficulties in DMD patients were investigated.

Introduction
Duchenne muscular dystrophy (DMD) is the most frequent muscular 
dystrophy (1). In addition to the severe and progressive muscular loss, 
patients with DMD face a heightened risk of developing neurobehavioral 
problems (2). These issues not only significantly impact the daily functioning 
of patients but also contribute to a substantial burden on both the affected 
individuals and their families (3). The etiology of these neurobehavioral 
problems has been associated with the absence of dystrophin expression 
in the brain, but till now effective treatments for these neurobehavioral 
problems remain elusive. To enhance clinical care for this burdensome 
aspect of DMD, new insights regarding the DMD brain, and the screening 
for and treatment of neurobehavioral difficulties, are urgently needed (4).

The overarching objective of this PhD project is to contribute to various 
domains of understanding and management of neurobehavioral 
challenges in patients with DMD. 

Different studies
In the first study, we investigated the impact of different corticosteroid 
regimens on brain volumetrics in DMD using Magnetic Resonance 
Imaging (MRI). In a cross-sectional, two center study, T1-weighted MRI 
scans were obtained from three age-matched groups (9-20 years): DMD 
patients treated daily with deflazacort (DMDd, n=20, scan site: Leuven), 
DMD patients treated intermittently with prednisone (DMDi, n=20, scan 
site: Leiden), and healthy controls (n=40, both scan sites).  FSL (the 
FMRIB Software Library) was used to perform voxel-based morphometry 
analyses and to calculate intracranial, total brain, gray matter, white 
matter, and cerebrospinal fluid volumes. A MANCOVA was employed 
to compare global volumetrics between groups, with site as covariate.

Voxel-based morphometry analyses revealed notable differences between 
patient groups and controls (Figure 1). Specifically, daily corticosteroid 

treatment in DMD patients exhibited more pronounced alterations in 
gray matter volumes compared to intermittent treatment. Global volume 
quantification further demonstrated significant differences in gray matter, 
white matter, and cerebrospinal fluid volumes in daily treated patients 
compared to controls, underscoring the need to consider corticosteroid 
treatment as a confounding variable in future brain imaging studies in 
DMD (5).

In the second study, we looked into specific regions of gray matter 
in the brain of DMD patients and explored whether variation in gray 
matter characteristics within the DMD population was influenced by 
corticosteroid treatment and genotype. The CAT12 toolbox in SPM was 
used for detailed MRI segmentations, assessing subcortical structures, 
cortical thickness, gyrification, and sulci depths. Comparisons were 
made between DMD (n = 40) vs. controls (n = 40), daily vs. intermittent 
corticosteroid treatment (n = 20 each), and Dp140+ vs. Dp140- 
gene mutations (n = 15 vs. 25). MANCOVA, CAT12 3D statistics and 
Pearson correlations were conducted. DMD patients showed significant 
differences in volumes of distinct subcortical volumes, left hemisphere 
cortical thickness, and gyrification in multiple brain areas compared 
with healthy controls. The daily treated DMD group exhibited differences 
in subcortical volumes and different patterns of cortical thickness, 
sulci depth, and gyrification compared to the intermittent treated DMD 
group. DMD Dp140+ patients displayed altered gyrification and sulci 
depth compared to DMD Dp140- patients. Finally, we found significant 
correlations between neurobehavioral outcomes and brain areas that 
showed significant differences in cortical morphology associated with 
corticosteroid treatment.

This study demonstrated that both genotype and corticosteroid treatment 
are associated with variations in subcortical volumes and cortical 
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DuMAND encompasses five categories: 
cogn i t ion and learn ing, soc ia l 
responsiveness, emotion regulation, 
externalizing behavior, and eating and 
sleeping.  Preliminary validation of the 
DuMAND Checklist indicates acceptable-
to-excellent internal consistency and 
construct validity. By introducing the 
DuMAND concept, this study seeks 
to inspire a consensus approach for 
screening, assessing, and managing 
neurobehavioral  issues in DMD. 
Incorporating screening, using the 
DuMAND Checklist, in addition to medical 
follow-up will facilitate early intervention, 
addressing a critical gap in identification 
of neurobehavioral disorders in DMD. 
Future research is needed to further 
evaluate psychometric properties of the 
DuMAND Checklist and investigate the 
natural course of DuMAND (7).

Finally, we reported on the clinical 
experience with psychopharmaceutical 
treatment in 52 DMD patients, assessing 
its efficacy in improving neurobehavioral 
symptoms. Electronic patient files were 
searched for patients with DMD that had 
been treated with psychopharmaceuticals 
between 2008 and 2022. Information 
about neurobehavioral symptoms, 
type of medication, side effects, and 
behavioral changes were collected. Two 
independent clinicians used the clinical 
global impression scale (CGI) to assess 
severity of the neurobehavioral problems 
before and the change in symptoms after 

treatment. Descriptive statistics were used. Our results include 52 males 
with DMD (mean age 11 years) treated with psychopharmaceuticals of 
which 55.8% had four or more comorbid neurobehavioral symptoms. 
The clinical condition was much improved on the CGI in 54.2% treated 
with methylphenidate, in 38.9% of the patients treated with fluoxetine, 
and in 22.2% treated with risperidone. Minimal effects and side effects 
were also reported.    

Patients with DMD may experience severe neurobehavioral 
symptoms interfering with learning and/or development. Treatment 
with psychopharmaceuticals can improve these neurobehavioral 
symptoms, but further research is needed to gain better insights in 
psychopharmaceutical treatment in patients with DMD(8). 

Conclusion
This thesis aimed to address symptoms of Duchenne muscular dystrophy 
(DMD) beyond the physical components, which understandably receive 
priority in a disease with such devastating physical consequences. 
However, the disparity between physical and psychosocial research is 
intriguing, as it does not reflect the conversations we have with boys 
with DMD and their parents in clinical care. Naturally, everyone holds 
high hopes that new medical advances will lead to a cure, but there is 
also a sense of realism and acknowledgment that living with the disease 
will remain a significant challenge in the near future. Many struggle with 
the high burden of neurobehavioral difficulties, navigating the school 
system, accessibility, societal understanding, participation, isolation, 
social contacts, and self-fulfillment.

The physical symptoms of DMD may be devastating, but so is the 
psychosocial impact on daily life—not only for the patients but also for 
their families. This thesis aimed to shed light on these often-overlooked 
aspects, but a lot of work still needs to be done.

morphology, albeit in different ways. Corticosteroid treatment appears 
to have a more profound association with differences in gray matter 
characteristics of brain regions that are associated with functional 
outcomes.

In study 3, we explored the strategies used by healthcare professionals 
to address neurobehavioral symptoms in DMD patients. Twenty-eight 
respondents from 16 different countries completed an online survey. 
Only 35% of the centers systematically screened for neurobehavioral 
difficulties in their DMD population. Predominant screening methods 
included history taking and clinical observation, mostly done by physicians 
relying on their own expertise and experience. Common neurobehavioral 
difficulties encompassed learning challenges, dependency from adults, 
anxiety, concentration difficulties, and social deficits. The participating 
centers frequently employed parental counseling and liaison with 
psychosocial healthcare professionals for psychosocial intervention. This 
study underscores the complex behavioral landscape in DMD, highlighting 
the need for validated screening, assessment and management strategies 
and collaborative efforts in implementing these. We advocate for 
international consensus recommendations for screening, assessment 
and management of neurobehavioral difficulties in DMD to enhance 
patient care and communication across healthcare settings (6). 

In study 4 we introduced the term Duchenne Muscular Dystrophy-
Associated Neurobehavioral Difficulties (DuMAND) and the DuMAND 
Checklist, which will facilitate comprehensive screening for 
neurobehavioral symptoms in DMD. DuMAND categories were derived 
through literature review, parent (48 mothers and 37 fathers), and expert 
(n = 28) input and feedback. The DuMAND Checklist subscales were 
developed iteratively, incorporating item selection, expert panel (n = 10) 
assessment for face validity, comprehensiveness, and a pilot validation 
study in a DMD sample (n = 20). 

Figure 1: Results of gray matter (GM) voxel-based morphometry (VBM) 
(A) Brain regions expressing lower (red-yellow) or higher (blue) GMV in the DMDd group compared with 
controls; (B) brain regions expressing lower (red-yellow) or higher (blue) GMV in the DMDi group compared with 
controls; (C) brain regions expressing lower (red-yellow) or higher (blue) GMV in DMDd group compared with 
the DMDi group. (p < 0.05, TFCE-corrected)
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In conclusion, this thesis demonstrated the multifaceted factors 
contributing to variations in distinctive parts of gray matter in the DMD 
brain, emphasizing the importance of considering both genetic and 
treatment-related factors as confounding variables in future studies. 
Furthermore, our findings highlight the lack of a standardized approach to 
address neurobehavioral problems in DMD patients. To address this gap, 
we introduced the term DuMAND and developed the DuMAND Checklist, 
providing a tool for systematic screening of neurobehavioral difficulties 
in clinical practice. Lastly, our research demonstrates the potential of 
psychopharmacological treatment as a safe and effective approach to 
alleviating neurobehavioral difficulties in patients with DMD.
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be considered for publication in the Belgian Journal of Paediatrics and mention 
additional information that may be useful to the editor. Authors are strongly 
encouraged to provide the names and email addresses of 4 potential reviewers.

1.4.	 Check author under ‘Submit As’.

1.5.	 Check ‘Acknowledge the copyright statement’. 

2.	 ‘Upload submission’

2.1.	� Pay attention please: in this module only the manuscript body and supplementary 
files, such as figures, tables, authorizations, parental consent, letter to the editor 
or other supplements) can be uploaded. The title, abstract, authors’ names and 
affiliations and keywords should be entered in the metadata module. 

2.2.	� Manuscripts should be submitted as single-line spaced Word files in Arial font size 
10.  

2.3.	� Please read carefully and apply the editorial rules underneath before submitting 
your manuscript. 

3.	 ‘Enter Metadata’

3.1.	� Title, abstract, list of contributors and keywords

�3.1.1.	� Title: the first word of the title, all nouns, verbs, adjectives, adverbs and pronouns 
should be capitalised. 

3.1.2.	� Authors should be entered in the list of contributors. Author’s affiliation, e-mail 
address, and other personal data can be edited. The order of authors and 
corresponding author (principal author) can be defined.   

3.1.3.	� Authors should pay particular attention to keywords as keywords are used 
by search engines to retrieve articles. To enhance traceability and impact of 
their work authors are encouraged to MeSH terms (Medical Subject Headings) 
as keywords. MeSH provides tools to help authors: MeSH on demand, an 
automatic identification of terms from the abstract text (available from: https://
meshb.nlm.nih.gov/MeSHonDemand) and MeSH browser to search terms 
from an existing list of keywords (available from: https://meshb.nlm.nih.gov/
search). 

4.	� Confirmation: go back to review and adjust any of the information you have entered 
before continuing. When you are ready, click "Finish Submission"

Authors should meet the criteria for authorship according to the "Uniform Requirements 
for Manuscripts Submitted to Biomedical Journals: Writing and Editing for Biomedical 
Publication" available at www.icmje.org. Each person listed as an author is expected to 
have participated in the manuscript to a significant extent. Persons who have contributed 
to the study or manuscript but who do not fulfil the criteria for authorship have to be listed 
under a heading “acknowledgments”. Although the editors and reviewers make every 
effort to ensure the validity of published manuscripts, the final responsibility rests with the 
authors, not with the Journal, its editors, or the publisher. 

Language: Manuscripts must be submitted in English. The chosen English spelling, UK 
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or US spelling must be used consistently throughout the article. It is recommended that 
authors, who are not very familiar with English, are strongly encouraged to seek assistance 
in writing the article.

Scientific writing: 

- �Bacteria names should be italicized, e.g. Staphylococcus aureus. After writing the 
complete name of a microorganism upon first use, the genus name can be shortened to 
just the capital letter, e.g. S. aureus. When discussing unnamed species, the abbreviation 
‘sp.’ is used to refer to a single unnamed species, and ‘spp.’ refers to more than one 
unnamed species. More information can be found at https://www.enago.com/academy/
write-scientific-names-in-a-research-paper-bacteria/. 

- �Virus names (the organism that makes you sick) should not be italicized. Virus species 
names should be written in italics and should not be abbreviated. More information can 
be found at https://ictv.global/faq/names. 

- �Gene symbols should be italicized, e.g. CFTR gene. Full written gene names should 
not be italicized, e.g. cystic fibrosis transmembrane conductance regulator gene. Gene 
products should not be italicized, e.g. CFTR protein. More information can be found at 
https://insight.jci.org/kiosks/publish/genestyle. 

Information that may allow identification of patients: information that could possibly 
identify patients should not be included in the paper, unless the information is essential 
for scientific purposes. A signed informed consent from patients and their parents or legal 
guardians authorizing publication should be added as a separate file to the manuscript.

Abstracts: Abstracts should not contain references. Preferably, abbreviations should not 
appear in abstracts. However, if important for readability two or three different abbreviations 
can be accepted. These abbreviations should be spelled out at their first occurrence in 
the abstract. Abstracts for Research articles must be limited to 250 words and must 
be structured to the following headings: Objective, Methods, Results, Interpretation / 
Conclusion. Abstracts for Case reports or Short Communications must be limited to 100 
words and should not include subsections.

Abbreviations: Always spell out abbreviations at first mention and place the acronym 
or abbreviation in parentheses immediately after. All subsequent uses, including tables 
and figures, should use the abbreviation or acronym. Abbreviations should be limited to 
terms that are both long and frequently (more than three times) repeated in the text. Try 
to avoid using more than six abbreviations in a paper, otherwise the text appears to be 
written in code. 

Text: Organise the manuscript according to the instructions in the article type section. 
Sections must appear in the following order: Introduction, Materials and Methods, Results, 
and Discussion, Conclusion, Acknowledgements if any, Conflicts of Interest, References, 
Figure legends. Acknowledgements should include individuals who have contributed to 
the work (provided materials, technical assistance, etc.), but do not fulfil the criteria for 
authorship; all such individuals should agree to being included in this way before the 
manuscript is submitted. The Acknowledgements should also include sources of financial 
support for the work.

Data Analysis: Description of data analysis should provide the specific methods used, 
their rationale, the underlying assumptions, whether data met those assumptions, and 
how any missing data were handled.

Units of measurement and laboratory values: Follow internationally accepted rules and 
conventions: use the international system of units (SI). If other units are mentioned, please 
give their equivalent in SI. If applicable, normal values should be given in parenthesis when 
the value is first stated. 

Drugs and other products: non-proprietary names of drugs or other products should be 
used, unless a specific trade name is essential for discussion. 

Eponyms and acronyms: Eponyms should be used in their non-possessive form (e.g. 
Down syndrome and not Down’s syndrome). Acronyms should be avoided. If this is not 
possible, they should be fully explained when first used.

Tables: Tables should be printable in a single page in portrait orientation. They should 
be typed in the same font as the rest of the paper, as text tables (rather than as figures). 
Screen captured tables are not allowed. Tables should be numbered in order of appearance 
in the text. Tables and their legends should be submitted as separate files. 

Figures: All figures must be submitted as separate files. Flow charts or other diagrams 
should be submitted as a Word file (preferably) or as a PDF.  However, copies of files 
embedded in Word cannot be used. Images and photographs should be submitted as 
JPEGs with a resolution of 600 dpi or higher. Publication of images or photographs should 
be authorised by the patient, parent or guardian. Figures should be cited in order of 
appearance. Each figure must have a legend.  Figure legends should appear after the 
References, as part of the main document of the paper. 

Please do not include extra text (including keys and headings) in the artwork, spell out 
keys and headings in the figure legend instead. Photographs of recognizable persons 
should be accompanied by a signed release from the patient or legal guardian authorizing 

publication, as described above. Masking eyes to hide identity is not sufficient.

Supplementary material: The authors can add supplementary material that enhances 
the online version of published research. Supplementary material includes relevant 
material that is additional to the main article, and may include extra data such as large 
tables, additional figures or methodological appendices. However, supplementary material 
can only be published in the digital version of the journal and will be available via the 
journal's website (see:  https://www.belgjpaediatrics.com/index.php/bjp ).

Patient privacy, informed consent and ethical standards: If the work involves the 
use of human subjects, the author should ensure that the work has been carried out 
in accordance with The Code of Ethics of the World Medical Association (Declaration of 
Helsinki) for experiments involving humans. Authors should include a statement in the 
manuscript that written informed consent was obtained from the parents or guardians 
of the children who served as subjects of the study and, when appropriate, assent from 
the patients themselves. For clinical trials and clinical studies, the number and place of 
approval by an ethical committee has to be mentioned in the ‘methods’ section, as well 
as the registration number and the site of registry for clinical trials. The privacy rights of 
human subjects must always be observed. Race / ethnicity, gender or religion should only 
be mentioned if relevant to the content or purpose of the article. 

Animal rights: All animal experiments should comply with the ARRIVE guidelines 
and should be carried out in accordance with EU Directive 2010/63/EU for animal 
experiments, or the National Institutes of Health guide for the care and use of Laboratory 
animals (NIH Publications No. 8023, revised 1978) and the authors should clearly indicate 
in the manuscript that such guidelines have been followed. The sex of animals must be 
indicated, and where appropriate, the influence (or association) of sex on the results of 
the study. 

References: Arrange references in order of first appearance in the text. The references 
must be formatted according to Vancouver style (Quick reference guide available from: 
https://guides.lib.monash.edu/ld.php?content_id=48260115. 

Reference numbers in the text must be put at the end of the sentence, between brackets 
and inside the punctuation. Separate by a comma if more than one reference is cited, for 
example (1,5,8). For sequences of consecutive numbers, the first and last number of the 
sequence should be separated by a hyphen, for example (1-4). Only published papers 
or papers in press should be included in the reference list. Personal communications or 
unpublished data must be cited in parentheses in the text with the author’s names, the 
source and year. 

The reference list, numbered in the order of mention in the text, must appear at the end 
of the manuscript. 

Authors. Title of the Article. Name of the Journal. Publication year;Volume number (Issue 
number) :pagination. According to the Uniform Requirements the first six authors are 
named, followed by et al. if there’s more than six. Authors are referenced as their surname 
followed by initials. Separate authors’ names by a comma if more than one author. 
Abbreviate journal titles in the style used in the NLM Catalog (available from: https://www.
ncbi.nlm.nih.gov/nlmcatalog/journals/  ). If in a journal a volume page numbering goes 
uninterrupted, the number of the issue may be omitted. 

Examples:

Less than 6 authors: Gonzalez-Aguero A, Vicente-Rodriguez G, Gomez-Cabello A, Ara I, 
Moreno LA, Casajus JA. A combined training intervention programme increases lean mass 
in youths with Down syndrome. Res Dev Disabil. 2011;32(6):2383-8. 

More than 6 authors: Bervoets L, Van Noten C, Van Roosbroeck S, Hansen D, Van 
Hoorenbeeck K, Verheyen E, et al. Reliability and Validity of the Dutch Physical Activity 
Questionnaires for Children (PAQ-C) and Adolescents (PAQ-A). Arch Public Health. 
2014;72(1):47.

For an article published online ahead of the print version: Bilal J, Riaz IB, Naqvi SAA, 
Bhattacharjee S, Obert MR, Sadiq M, at al. Janus Kinase Inhibitors and Risk of Venous 
Thromboembolism: A Systematic Review and Meta-analysis. Mayo Clin Proc. 2021 Apr 
8:S0025-6196(21)00054-9. doi: 10.1016/j.mayocp.2020.12.035. Online ahead of print.

For journal articles: 
Authors. Title of the Article. Name of the Journal. Publication year;Volume number1 (Issue 
number) :pagination. According to the Uniform Requirements the first six authors are 
named, followed by et al. if there’s more than six. Authors are referenced as their surname 
followed by initials. Separate authors’ names by a comma if more than one author. 
Abbreviate journal titles in the style used in the NLM Catalog (available from: https://www.
ncbi.nlm.nih.gov/nlmcatalog/journals/ ). If in a journal a volume page numbering goes 
uninterrupted, the number of the issue may be omitted.  

Examples:

Less than 6 authors:  Gonzalez-Aguero A, Vicente-Rodriguez G, Gomez-Cabello A, Ara I, 
Moreno LA, Casajus JA. A combined training intervention programme increases lean mass 
in youths with Down syndrome. Res Dev Disabil. 2011;32(6):2383-8. 

1. If available.
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More than 6 authors: Bervoets L, Van Noten C, Van Roosbroeck S, Hansen D, Van Hoorenbeeck 
K, Verheyen E, et al. Reliability and Validity of the Dutch Physical Activity Questionnaires for 
Children (PAQ-C) and Adolescents (PAQ-A). Arch Public Health. 2014;72(1):47.

For an article published online ahead of the print version:  Bilal J, Riaz IB, Naqvi SAA, 
Bhattacharjee S, Obert MR, Sadiq M, at al. Janus Kinase Inhibitors and Risk of Venous 
Thromboembolism: A Systematic Review and Meta-analysis. Mayo Clin Proc. 2021 Apr 
8:S0025-6196(21)00054-9. doi: 10.1016/j.mayocp.2020.12.035. Online ahead of print.

For electronic journal articles:
The word [Internet] in square brackets should be inserted after the abbreviated journal 
title.

The date cited [in square brackets] must be included after the date of publication.

The URL (web address) must be included at the end of the reference.

For electronic journal articles with a DOI, include the DOI (digital object identifier) at the 
end of the reference, after the URL

Examples:

Stockhausen L, Turale S. An explorative study of Australian nursing scholars and 
contemporary scholarship. J Nurs Scholarsh [Internet]. 2011 Mar [cited 2013 Feb 
19];43(1):89-96. Available from: http://search.proquest.com/docview/858241255

Kanneganti P, Harris JD, Brophy RH, Carey JL, Lattermann C, Flanigan DC. The effect of 
smoking on ligament and cartilage surgery in the knee: a systematic review. Am J Sports 
Med [Internet]. 2012 Dec [cited 2013 Feb 19];40(12):2872-8. Available from: http://ajs.
sagepub.com/content/40/12/2872 DOI: 10.1177/0363546512458223 

For a book:

Print book: Authors. Title of book. Edition number (if not first). Place of Publication: 
Publisher; Year of publication. Pagination.

Electronic book: Authors. Title of web page [Internet]. Place of publication: Publisher (or 
sponsor of website); year published [cited YYYY Mon DD]. Number of pages. Available 
from: URL DOI: (if available). 

Examples: 

For a book: Carlson BM. Human embryology and developmental biology. 4th ed. St. Louis: 
Mosby; 2009. 541 p. 

For an electronic book: Shreeve DF. Reactive attachment disorder: a case-based approach 
[Internet]. New York: Springer; 2012 [cited 2012 Nov 2]. 85 p. Available from: http://dx.doi.
org/10.1007/978-1-4614-1647-0. 

For a chapter in a book: 
In a print book: Authors. Title of chapter. In: Editor AA, Editor BB, Editors. Title of book. 
Edition number (if not first). Place of publication: Publisher, year of publication. Start and 
end page (of chapter).

In an electronic book: Authors. Title of chapter. In: Editor AA, Editor BB, Editors. Title of book 
[Internet]. Place of publication: Publisher, year of publication. [cited YYYYMonDD]. Page or 
chapter number/. Available from: URL DOI (if available). 

Example: 
In a print book: Meltzer PS, Kallioniemi A, Trent JM. Chromosome alterations in human 
solid tumors. In: Vogelstein B, Kinzler KW, editors. The genetic basis of human cancer. New 
York: McGraw-Hill; 2002. p. 93-113. 

In an electronic book:  Halpen-Felsher BL, Morrell HE. Preventing and reducing tobacco 
use. In: Berlan ED, Bravender T, editors. Adolescent medicine today: a guide to caring for 
the adolescent patient [Internet]. Singapore: World Scientific Publishing Co.; 2012 [cited 
2012 Nov 3]. Chapter 18. Available from: http://www.worldscientific.com/ doi/pdf/10.11
42/9789814324496_0018. 

More examples of other published, particularly material from internet, and unpublished 
material can be found in the quick Vancouver reference guide (https://guides.lib.monash.
edu/ld.php?content_id=48260115) or on the website of the U.S. National Library of 
Medicine: https://www.nlm.nih.gov/bsd/uniform_requirements.html.  

Refer to the List of Journals Indexed in Index Medicus for abbreviations of journal names, 
or access the list at http://www.nlm.nih.gov/archive/20130415/tsd/serials/lji.html. 

Disclosure of potential conflicts of interest: The corresponding author must disclose 
any conflicts of interest on behalf of all co-authors. Co-author enquiries should be recorded 
and retained by the corresponding author. The disclosure declaration must be written in a 
separate paragraph after the conclusion and before the references.

After submission

All manuscripts considered for publication undergo peer review. The editors assign at least 
two external and independent reviewers. The reviewers’ names are blinded to the authors. 
Reviewers are requested to maintain the confidentiality of the review process: not sharing, 
discussing with third parties, or disclosing information from the reviewed paper. 

When resubmitting a manuscript after review the authors should indicate clearly their 
responses to the reviewers’ comments. A document in which the reviewers’ comments 
are answered point by point should be provided with the revised manuscript and include 
a copy of the original manuscript with track changes displaying the changes made. All 
co-authors should approve the revised manuscript version. The corresponding author 
should confirm approval in the point-by-point answer document. All components of the 
manuscript (point-by-point response letter, clean revised manuscript, manuscript with 
track changes, figures, tables, etc.) must be resubmitted even if no changes have been 
made at revision. To submit a revision, go to https://belgjpaediatrics.com/index.php/bjp/
login and log in as an Author. Your submission record can be found by clicking on "View" 
 “Revisions”  “Upload file”.

After acceptance

Corresponding authors will receive electronic page proofs to check the copy-edited and 
typeset article before publication. Portable document format (PDF) files of the typeset 
pages and support documents will be sent to the corresponding author by e-mail. It is the 
author’s responsibility to ensure that there are no errors in the proofs. Changes that have 
been made to conform to journal style will stand if they do not alter the authors' meaning. 
Only the most critical changes to the accuracy of the content will be made, no substantial 
changes can be made at this point. The publisher reserves the right to deny any changes 
that do not affect the accuracy of the content. Proofs must be checked carefully, and 
corrections returned within 1 week of reception.  Any errors found after this time will result 
in an erratum and not an article correction.

Publication embargo: Publication embargo as described in the editorial policy section 
applies until effective publication of an accepted manuscript. 

Corrections: Requests to publish corrections should be sent to the editorial office. Corrections 
are reviewed by the editors and published in the next journal issue as an erratum. 

Copyright: By accepting publication in the Belgian Journal of Paediatrics authors 
automatically transfer copyright to the journal.

Reprints: Reprints are available from the website of the Belgian Journal of Paediatrics at 
https://www.belgjpaediatrics.com/index.php/bjp . The journal is indexed in Google Scholar, 
where articles are searchable ( https://scholar.google.com/ ).

Instructions for peer reviewers
Review of a submitted manuscript by at least two external and independent reviewers who 
are solicited by the editors. The reviewers’ names will be blinded to the authors. Authors’ 
identities are not blinded to the reviewers. 

Reviewers should only agree if they feel qualified to review a manuscript and are able to 
return the review within a reasonable time-frame of maximum three weeks. If they cannot 
review, it is helpful to make suggestions for alternative reviewers. 

Reviewers must refuse to review a manuscript in case of any potentially conflicting or 
competing interest. 

Reviewers are requested to maintain confidentiality about the manuscripts and the 
information they contain. 

Reviewers must provide a fair, honest, and unbiased assessment of the strengths and 
weaknesses of the manuscript. Comments to the authors will be passed in full to authors. 
The reviewers can also provide additional confidential comments to the editors, which will 
not be passed to the authors. 

If the reviewer has concerns about misconduct during the elaboration or submission of 
the manuscript, he must notify the editor. This also applies to the case where the reviewer 
notices important similarities between the manuscript and a published article. 

Instructions for invited editors
Each year, a number of issues address a special chapter dedicated to a particular topic. 
Two guest editors, a Dutch-speaking and a French-speaking, are responsible for the 
content of these chapters.

A number of six manuscripts per chapter is expected. If more than six articles are needed 
to elaborate the topic of the chapter correctly, the editors can decide to spread the chapter 
over two issues. 

The tasks of the invited editors are:  
-	 To make choices of topics 
-	 To invite authors 
-	 To supervise the manuscripts in terms of content 
-	 To protect the expected deadline for publication 
-	 To write an editorial introducing the chapter 
Editorial review and solicitation of peer reviewers will be done by the editorial team of the 
BJP. 

Grâce à l’absorption 
immédiate, la 

peau est protégée 
et la poche

Stop & Protect
aide à éviter les
fuites à l’arrière

du lange.

Nous faisons de 
la sécurité des 
bébés une priorité. 
Pour en savoir plus, 
allez sur notre site 
pampers.be

Certifiés par la Skin 
Health Alliance. Nos langes 
Pampers Premium Protection 
prennent soin de la peau des 
bébés. Ils ont été approuvés 
dermatologiquement et sont 
certifiés par des experts 
dermatologues de la Skin 
Health Alliance. 

Dermatest
L’assurance d’une 

utilisation en toute 
sécurité pour le 

respect de la peau 
des bébés.

Sans aucun des 
allergènes de parfum 
listés par l’UE (comme 

réglementé par la 
réglementation 

cosmétique de l’UE 
(CE) N° 1223/2009).

Double
protection

Protection de la peau
des millions de micro-aérations

éloignent les selles molles 
de la peau

Standard 100
Certifié par OEKO-TEX
sur les produits nocifs. 



Grâce à l’absorption 
immédiate, la 

peau est protégée 
et la poche

Stop & Protect
aide à éviter les
fuites à l’arrière

du lange.

Nous faisons de 
la sécurité des 
bébés une priorité. 
Pour en savoir plus, 
allez sur notre site 
pampers.be

Certifiés par la Skin 
Health Alliance. Nos langes 
Pampers Premium Protection 
prennent soin de la peau des 
bébés. Ils ont été approuvés 
dermatologiquement et sont 
certifiés par des experts 
dermatologues de la Skin 
Health Alliance. 

Dermatest
L’assurance d’une 

utilisation en toute 
sécurité pour le 

respect de la peau 
des bébés.

Sans aucun des 
allergènes de parfum 
listés par l’UE (comme 

réglementé par la 
réglementation 

cosmétique de l’UE 
(CE) N° 1223/2009).

Double
protection

Protection de la peau
des millions de micro-aérations

éloignent les selles molles 
de la peau

Standard 100
Certifié par OEKO-TEX
sur les produits nocifs. 



 Dit geneesmiddel is onderworpen aan aanvullende monitoring. Daardoor kan snel nieuwe 
veiligheidsinformatie worden vastgesteld. Beroepsbeoefenaren in de gezondheidszorg wordt verzocht alle 
vermoedelijke bijwerkingen te melden. Zie rubriek 4.8 voor het rapporteren van bijwerkingen. NAAM VAN 
HET GENEESMIDDEL Beyfortus 50 mg oplossing voor injectie in een voorgevulde spuit. Beyfortus 100 mg 
oplossing voor injectie in een voorgevulde spuit. KWALITATIEVE EN KWANTITATIEVE SAMENSTELLING 
Beyfortus 50 mg oplossing voor injectie in een voorgevulde spuit Elke voorgevulde spuit bevat 50 mg 
nirsevimab in 0,5 ml (100 mg/ml). Beyfortus 100 mg oplossing voor injectie in een voorgevulde spuit Elke 
voorgevulde spuit bevat 100 mg nirsevimab in 1 ml (100 mg/ml). Nirsevimab is een  gehumaniseerd 
immunoglobuline G1 kappa (IgG1κ) monoklonaal antilichaam dat geproduceerd wordt uit ovariumcellen 
van de Chinese hamster (Chinese hamster ovary, CHO) met behulp van recombinant-DNA-technologie. 
FARMACEUTISCHE VORM Oplossing voor injectie (injectie).Heldere tot opalescente, kleurloze tot gele 
oplossing met een pH-waarde van 6,0. THERAPEUTISCHE INDICATIES Beyfortus is geïndiceerd voor de 
preventie van lagere-luchtwegaandoeningen veroorzaakt door het respiratoir syncytieel virus (RSV) bij 
pasgeborenen en zuigelingen tijdens hun eerste RSV-seizoen. Beyfortus dient te worden gebruikt in 
overeenstemming met officiële aanbevelingen. DOSERING EN WIJZE VAN TOEDIENING Dosering De 
aanbevolen dosering is een enkelvoudige dosis van 50 mg intramusculair toegediend voor zuigelingen 
met een lichaamsgewicht < 5 kg en een enkelvoudige dosis van 100 mg intramusculair toegediend voor 
zuigelingen met een lichaamsgewicht ≥ 5 kg. Beyfortus moet worden toegediend vóór het begin van het 
RSV seizoen, of vanaf de geboorte voor zuigelingen die tijdens het RSV seizoen zijn geboren. De dosering 
bij zuigelingen met een lichaamsgewicht van 1,0 kg tot < 1,6 kg is gebaseerd op extrapolatie. Hiervoor zijn 
geen klinische gegevens beschikbaar. Naar verwachting zal blootstelling bij zuigelingen van < 1 kg hogere 
blootstellingen opleveren dan bij zuigelingen die meer wegen. De voordelen en risico’s van het gebruik 
van nirsevimab bij zuigelingen van <1 kg moeten zorgvuldig worden afgewogen. Er zijn beperkte gegevens 
beschikbaar over extreem premature zuigelingen (zwangerschapsduur < 29 weken) jonger dan 8 weken. 
Er zijn geen klinische gegevens beschikbaar over zuigelingen met een postmenstruele leeftijd 
(zwangerschapsduur bij geboorte plus chronologische leeftijd) van minder dan 32 weken (zie rubriek 5.1). 
Voor zuigelingen die een hartoperatie ondergaan met cardiopulmonale bypass, kan zodra de zuigeling 
stabiel is na de operatie een extra dosis toegediend worden om adequate nirsevimab-serumspiegels te 
garanderen. Als dit binnen 90 dagen na ontvangst van de eerste dosis Beyfortus plaatsvindt, dient de 
aanvullende dosis 50 mg of 100 mg te zijn, afhankelijk van het lichaamsgewicht. Als er meer dan 90 dagen 
zijn verstreken sinds de eerste dosis, kan de aanvullende dosis een enkelvoudige dosis van 50 mg zijn, 
ongeacht het lichaamsgewicht, om de rest van het RSV seizoen te dekken. Er zijn geen veiligheids- en 
werkzaamheidsgegevens beschikbaar over herhaalde dosering. De veiligheid en werkzaamheid van 
nirsevimab bij kinderen in de leeftijd van 2 tot 18  jaar zijn niet vastgesteld. Er zijn geen gegevens 
beschikbaar. Wijze van toediening Beyfortus is alleen voor intramusculaire injectie. Het wordt 
intramusculair toegediend, bij voorkeur in de anterolaterale zijde van de dij. De gluteale spieren mogen 
niet routinematig als injectieplaats worden gebruikt vanwege het risico op beschadiging van de 
ischiaszenuw. Instructies voor toediening Beyfortus is verkrijgbaar in een voorgevulde spuit van 50 mg en 
100 mg. Controleer de etiketten op de doos en de voorgevulde spuit om er zeker van te zijn dat u de juiste 
dosis heeft (50 mg of 100 mg). Beyfortus 50 mg (50 mg/0,5 ml) voorgevulde spuit met een paarse 
zuigerstang. Beyfortus 100 mg (100 mg/1 ml) voorgevulde spuit met een lichtblauwe zuigerstang. Stap 1: 
Terwijl u de Luer-lock met één hand vasthoudt (vermijd het vasthouden van de zuigerstang of de cilinder), 
draait u het naaldkapje van de spuit los door deze met de andere hand tegen de klok in te draaien. Stap 2: 
Bevestig een Luer-lock-naald aan de voorgevulde spuit door de naald voorzichtig met de klok mee op de 
voorgevulde spuit te draaien totdat u lichte weerstand voelt. Stap 3: Houd de cilinder met één hand vast en 
trek met de andere hand voorzichtig de naaldbeschermer met een rechte beweging van de naald af. Houd 

de zuigerstang niet vast terwijl u de naaldbeschermer verwijdert, anders kan de rubberen stop bewegen. 
Raak de naald niet aan en laat deze niet met in contact komen met een oppervlak. Plaats de 
naaldbeschermer niet terug op de naald en haal de naald niet los van de spuit. Stap 4: Dien de volledige 
inhoud van de voorgevulde spuit toe als een intramusculaire injectie, bij voorkeur in de anterolaterale zijde 
van de dij. De gluteale spieren mogen niet routinematig als injectieplaats worden gebruikt vanwege het 
risico op beschadiging van de ischiaszenuw. CONTRA-INDICATIES Overgevoeligheid voor de werkzame 
stof of voor een van de in rubriek 6.1 vermelde hulpstoffen. BIJWERKINGEN Samenvatting van het 
veiligheidsprofiel De meest voorkomende bijwerking was rash (0,7%) die binnen 14 dagen na toediening 
optrad. Het merendeel van deze bijwerking was licht tot matig van intensiteit. Aanvullend werden pyrexie 
en injectieplaatsreacties binnen 7 dagen na toediening gemeld met een prevalentie van respectievelijk 
0,5% en 0,3%. Injectieplaatsreacties waren niet ernstig. Lijst van bijwerkingen Hieronder staan de 
bijwerkingen die zijn gemeld bij 2.966 voldragen en premature zuigelingen (zwangerschapsduur, 
Gestational Age (GA) ≥ 29 weken) die nirsevimab kregen in klinische onderzoeken. De bijwerkingen die zijn 
gemeld in gecontroleerde klinische onderzoeken zijn ingedeeld volgens systeem/orgaanklasse (SOC) van 
MedDRA. Binnen elke SOC zijn voorkeurstermen gerangschikt op afnemende frequentie en vervolgens op 
afnemende ernst. De frequenties van optreden van bijwerkingen wordt gedefinieerd als: zeer vaak (≥ 1/10); 
vaak (≥ 1/100 tot < 1/10); soms (≥ 1/1.000 tot < 1/100); zelden (≥ 1/10.000 tot < 1/1.000); zeer zelden (< 1/10.000) en 
niet bekend (kan met de beschikbare gegevens niet worden bepaald). Huid- en onderhuidaandoeningen 
• Soms - Rasha a Rash is gedefinieerd door de volgende gegroepeerde voorkeurstermen: rash, maculo-
papulaire rash, vlekkerige rash Algemene aandoeningen en toedieningsplaatsstoornissen • Soms –
Injectieplaatsreactieb ; Pyrexie b Injectieplaatsreactie is gedefinieerd door de volgende gegroepeerde 
voorkeurstermen: injectieplaatsreactie, injectieplaatspijn, injectieplaatsverharding, injectieplaatsoedeem, 
zwelling van injectieplaats Zuigelingen met een verhoogd risico op ernstige RSV-ziekte De veiligheid is ook 
onderzocht in MEDLEY bij 918 zuigelingen met een verhoogd risico op ernstige RSV ziekte, onder wie
196 extreem premature zuigelingen (GA < 29 weken) en 306 zuigelingen met chronische longziekte van 
prematuriteit of hemodynamisch significante aangeboren hartziekte die hun eerste RSV seizoen ingingen, 
die nirsevimab (614) of palivizumab (304) kregen. Het veiligheidsprofiel was vergelijkbaar met het 
vergelijkende geneesmiddel palivizumab en consistent met het veiligheidsprofiel bij voldragen en 
premature zuigelingen GA  ≥  29  weken (D5290C00003 en MELODY). Immunogeniciteit Zoals met alle 
therapeutische eiwitten, is er potentieel voor immunogeniciteit. Melding van vermoedelijke bijwerkingen 
Het is belangrijk om na toelating van het geneesmiddel vermoedelijke bijwerkingen te melden. Op deze 
wijze kan de verhouding tussen voordelen en risico’s van het geneesmiddel voortdurend worden gevolgd. 
Beroepsbeoefenaren in de gezondheidszorg wordt verzocht alle vermoedelijke bijwerkingen te melden 
via: België: Federaal Agentschap voor Geneesmiddelen en Gezondheidsproducten – Afdeling Vigilantie – 
Postbus 97 – 1000 Brussel Madou – Website: www.eenbijwerkingmelden.be – e-mail: adr@fagg.be 
HOUDER VAN DE VERGUNNING VOOR HET IN DE HANDEL BRENGEN Sanofi Winthrop Industrie, 
82 avenue Raspail, 94250 Gentilly, Frankrijk NUMMER(S) VAN DE VERGUNNING VOOR HET IN DE HANDEL 
BRENGEN EU/1/22/1689/001 - 50 mg, 1 voorgevulde spuit voor eenmalig gebruik EU/1/22/1689/002 - 50 mg, 
1 voorgevulde spuit voor eenmalig gebruik met naalden EU/1/22/1689/003 - 50 mg, 5 voorgevulde spuiten 
voor eenmalig gebruik EU/1/22/1689/004 - 100 mg, 1 voorgevulde spuit voor eenmalig gebruik
EU/1/22/1689/005 - 100 mg, 1 voorgevulde spuit voor eenmalig gebruik met naalden EU/1/22/1689/006 -  
100 mg, 5 voorgevulde spuiten voor eenmalig gebruik DATUM VAN EERSTE VERLENING VAN DE
VERGUNNING/VERLENGING VAN DE VERGUNNING Datum van eerste verlening van de vergunning:
31  oktober 2022 DATUM VAN HERZIENING VAN DE TEKST Goedkeuringsdatum: 11/2023 Gedetailleerde 
informatie over dit geneesmiddel is beschikbaar op de website van het Europees Geneesmiddelenbureau 
http://www.ema.europa.eu
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Prijs Beyfortus® 1 juni 2024
Publieksprijs, incl. BTW 777.44 €

Prijs terugbetaald (GZ) 12.10 €

Prijs terugbetaald (PZ) 8.00 €

De kracht om de 
chaos van RSV  
te verminderen.
Beyfortus® is het eerste direct langwerkende 
antilichaam ontwikkeld voor alle baby’s.

Beyfortus® vermindert het risico op  
RSV-infecties én de ziekenhuisopnames 
door RSV met een goed tolerantie -en 
veiligheidsprofiel.1

Één enkele injectie beschermt de baby 
tijdens het volledige RSV-seizoen.1

Scan de QR code voor meer 
informatie over de immunisatie 
van baby’s met Beyfortus®.
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Referentie:
1. Beyfortus SKP, nov 2023.

Beyfortus® is terugbetaald voor baby’s ter preventie van RSV


