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INTRODUCTION

1. Parasitoses et éosinophilies secondaires : généralités

L’éosinophilie (EO), définie comme un taux d’éosinophiles circulants supérieur a 500
cellules/mm? ou 0,5 x 10%L (1,2) est un motif habituel de recours a la médecine interne.
Les causes d’EO sont multiples et se révelent le plus souvent réactionnelles c’est-a-dire
secondaires a une maladie sous-jacente: atopie ou terrain allergique, réactions
d’hypersensibilité (médicamenteuses ou non), collagénoses et vascularites, aspergillose
broncho-allergique ou néoplasies sont les causes classiquement citées (3). Plus
frequemment dans les pays tropicaux (4) qu'en Europe ou en Amérique du Nord,
I'éosinophilie est secondaire a une infection parasitaire (5). Parmi celles-ci, les helminthes
(terme vernaculaire regroupant plusieurs taxons ayant pour point commun une forme de
vers) partagent la particularité d’induire un mécanisme de régulation immunitaire par le
biais des lymphocytes T régulateurs et une réponse Th-2 (6) conduisant a la production
des cytokines associées (IL-4, IL-5, IL-9 et IL-13) et au recrutement d’éosinophiles. La
classification actuelle des maladies a éosinophiles utilisée pour le soin et la recherche est
celle proposée en 2011 par le Groupe de travail coopératif international sur les maladies a
éosinophiles (ICOG-Eo). Cette classification distingue une EO (>500/mm3 d’une
hyperéosinophilie (HE, >1 500/mm?3) et d’un syndrome hyperéosinophilique (SHE). Un
SHE est donc défini par une HE sanguine = 1 500/mm3, d’évolution prolongée (= 1 mois)
associée a des dommages tissulaires en rapport avec la toxicité des €osinophiles. Il s’agit
d’'une entité hétérogene qui comprend notamment les SHE néoplasiques « clonaux » (dont
la leucémie chronique a éosinophiles liee a la délétion 4912 responsable de la fusion
FIP1L1-PDGFRA (F/P)) et les SHE « réactionnels » ou « secondaires » causés par une
infection parasitaire, une prise meédicamenteuse, une maladie inflammatoire ou
néoplasique. Ce travail s’'intéressera aux EO d’origine parasitaire dont nous allons décrire

le spectre des manifestations cliniques.



2. Les parasitoses responsables d’éosinophilies secondaires

Les helminthes responsables d’Eo secondaires sont listés dans le Tableau 1. Les plus
frequemment rencontrés en dehors des zones d’endémies sont la toxocarose, la
distomatose, la trichinose et l'anisakidose pour les parasitoses autochtones, et la
bilharziose, I'anguillulose et la filariose qui sont des cas d’'importation car absentes dans

notre région.

Tableau 1. Helminthiases les plus fréquentes, prévalence globale et zone d’endémie
parasitaire. D’aprés Hotez J. et coll.(7)

Dispase Major etiologic agant Global prevalence Regions of highest prevalence

Soll-ransmitted nemalodes

Ascariasis Ascariagis lummbricoides {roundworm) 807 million Developing regions of Asia, Africa, and Latin America

Trichuriasis Trichuris trichiura (whipwonm) 604 million Developing regions of Asia, Africa, and Latin America

Hookworm Necator amencanus, Ancylostorna duodernals 576 million Developing regions of Asia, Africa, and Latin America
(especially areas of rural povarty)

Strongyloddiasis Strangylaides stercoralis (thread worm) 30=100 million Devaloping ragions of Asia, Africa. and Latin Amarica

(especially areas of rural poverty)
Fitarial nematodes

LF Wucherena bancrofli, Brugia malayi 120 million Developing regions of India, Southeast Asia.
and sub-Saharan Africa

Onchocerciasis (river Mlindnass) Onchocerca volvulis 37 million Sub-Saharan Africa

Liotasis Loz foa 13 million Sub-Saharan Africa

Dracunculiasis (guinga warm) Dracuncindus medingnsis 0.071 million Sub-Saharan Africa

Platyhelminth flukes

Sohistosomiasis Sehistosoma hagmatabiey 207 mitlion Sub-Saharan Africa

Schistosoma mansoni, Sub-Saharan Africa and Eastern Brazil

Schistozoma fapanicun (blood flukes) China and Southeast Asia

Food-bome tramatodiases Clonarchis sinensis {liver fluks); =40 million Developing ragions of East Asia

Omsthovehis weerinm (lver fluka);
Paragommus spp. (lung flukes);
Fascielopsis buski (intestinal fluke);
Fasciols hepatica {intestinal uke)

Platyhelminth tapeworms
Cysticercosis Taemia solivr (pork tapeworm) 0.4 milfion [eweloping regions of Asia, Latin America.
{Latin America only) and sub-Saharan Africa

LF: lymphatic filariasis.

2.1.L’ascaridiose (infection a Ascaris lumbricoides ou A. suum) est ’helminthiase la
plus répandue et touche entre 800 millions et un milliard de personnes (8) a
I'échelle de la planete. Ce parasite transmis par I'alimentation dans des conditions
d’hygiéne insuffisante est responsable d’'une morbi-mortalité importante
notamment en raison de ses complications digestives (occlusions intestinales,

saignements et perforations digestives, pancréatites aigués).
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2.2.La toxocarose, décrite pour la premiere fois par Wilder en 1950 (9) est l'infection
par des larves de Toxocara canis ou T. cati respectivement transmises par les
déjections de chiens et de chats. Elle est largement répandue et constitue
I'helminthiase la plus fréquente dans les pays développés. Ses manifestations
cliniquement sont extrémement variées et secondaires a la migration parasitaire
par voie sanguine (10), s’accompagnant typiquement d’'une EO importante (11). Il
d’'usage de différencier le larva migrans viscéral se manifestant par des symptémes
digestifs, respiratoires ou cutanés du larva migrans oculaire (migration oculaire,
souvent unilatérale associée a une réaction inflammatoire pouvant conduire a la
cécité) et la toxocarose commune, aspécifique correspondant a un tableau
d’altération de I'état général associé a des symptdémes digestifs, respiratoires ou

cutanés parfois discrets (12).

2.3.La bilharziose (ou schistosomiase) doit son nom au pathologiste allemand
Theodor Bilharz qui I'a découverte en 1851. Les parasites du genres Schistosomia
sont transmis lors des baignades en eau douce dans les zones d’endémie (Afrique,
Proche-Orient, Amérique du Sud et Asie) et sont présents chez environ 230 millions
de personnes dans le monde (13,14). Schistosomia mansoni et S. japonicum sont
responsables de formes digestives, d’évolution aigué ou chronique tandis que S.
haematobium est responsable des formes urogénitales se manifestant par des
hématuries macroscopiques récidivantes dues a une réaction granulomateuse

vésicale pouvant évoluer vers une néoplasie.

2.4.Le terme Filariose regroupe plusieurs infections a nématodes filariens, transmis
par les piqlares d'insectes, et responsables des manifestations cutanées,

lymphatiques et oculaires. Les filaires lymphatiques (Wuchereria bancrofti, Brugia
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malayi et timori) sont responsables d’'un lymphcedéme chronique pouvant évoluer
vers I'éléphantiasis et sont une cause importante de handicap dans les zones
d’endémie parasitaire (15). La loase, due au parasite Loa loa, est présente
uniqguement en Afrique centrale et occidentale, se manifestant par des cedémes
migratoires et fugaces (dits de Calabar) ou par des réactions liées a la migration
oculaire (16). L'onchocercose ou « cécité des rivieres » est provoquée par
Onchocerca volvulus présent en Afrique subsaharienne mais également en
Ameérique, responsable d’un prurit féroce conduisant typiquement a un aspect de

pachydermie et de dyschromie. Sa gravité est liée a I'atteinte oculaire (17,18).

2.5.La distomatose ou fasciolose est une infection par la grande douve du foie
(Fasciola hepatica), endémique en Europe, dont 'homme est un héte accidentel,
contaminé lors de la consommation de végétaux crus (cresson, mache, pissenlits).
La douve présente une affinité particuliere pour le tube digestif et les canaux
biliaires qu’elle peut infecter de fagon aigue ou chronique, responsable de
symptémes digestifs plus ou moins bruyants. Le traitement est médical et parfois

chirurgical (19).

2.6.L’anguillulose ou strongyloidose, est due au parasite Strongyloides stercolaris,
présent dans les régions tropicales et subtropicales. La contamination est
transcutanée et résulte d’'un contact avec un sol souillé par les larves du parasite.
Lorsqu’elle est symptomatique, linfection se traduit par des signes digestifs,
respiratoires et cutanés (8). Dans des rares cas, surtout chez I'immunodéprimé,

I'évolution est dramatique, on parle alors d’anguillulose maligne.



2.7.La trichinose ou trichinellose est une infection a Trichinella spiralis transmis par
'ingestion de viande de porc ou de gibier insuffisamment cuite ou simplement
fumée. La parasitose est endémique en Europe et en Amérique du Nord mais son
incidence est en forte diminution (20). Elle se manifeste par des petites épidémies
suite a un repas commun, ou aprés une incubation de 24 a 48h, se développent
des symptdmes digestifs ainsi qu’une urticaire et un cedeme de la face (21). Le
tropisme musculaire du parasite explique I'apparition, typiquement deux semaines

aprés le contact, de myalgies avec de rares atteintes cardiaques.

2.8.L’anisakidose est secondaire a lingestion d’Anisakis simplex, parasite du
poisson. L'infection est présente chez les consommateurs de poisson cru en
Europe du Nord et au Japon, elle se manifeste soit par une infestation gastrique
dont les premiers symptébmes surviennent quelques heures aprés l'ingestion, soit
par une atteinte digestive responsable de tableaux pouvant mimer une appendicite
ou une iléite et évoluer vers la péritonite (22). Les larves d’Anisakis sont également
responsables de manifestations allergiques pouvant aller jusqu’au choc

anaphylactique (23).

3. Difficultés diagnostiques des parasitoses responsables d’éosinophilies

secondaires

La multiplicité des atteintes d’organes peut rendre le diagnostic étiologique difficile. Le
tableau clinique est parfois limité a une atteinte d’organe : cutanée seule (urticaire,
angioedéme...), myocardite a éosinophiles, pneumopathie a éosinophiles, et peut faire
évoquer en raison d’'une hyperéosinophilie sanguine majeure un SHE idiopathique ou une
granulomatose éosinophilique avec polyangéite (GEPA). La complexité du diagnostic

parasitologique ne simplifie pas I'élimination des diagnostics différentiels. Il faut prendre
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en compte un faisceau d’arguments épidémiologiques (sé€jour en zone d’endémie,
consommation d’aliments a risque, pratique de la baignade en eau douce...), cliniques
(r'cedéme périorbitaire et les myalgies sont évocateurs d’une trichinose, les cedémes de

Calabar d’'une loase) et biologiques.

Ce diagnostic biologique reste le plus délicat. Les tests sérologiques sont sensibles mais
parfois peu spécifiques (réaction croisées), des tests de confirmation ne sont pas toujours
disponibles ou standardisés, la mise en évidence directe du parasite est inconstante. Les
examens directs des selles peuvent également étre pris en défaut, car I'éosinophilie
survient au moment de la migration tissulaire des larves : les ceufs ou les vers adultes sont
alors souvent indétectables dans les selles au moment de I'éosinophilie, comme illustré
par la courbe de Lavier. D’autres parasites comme Toxocara canis ne sont pas détectables

dans les selles, 'lhomme étant une impasse parasitaire avec un blocage au stade larvaire.

4. Objectifs

Il nexiste que peu de données sur les conséquences de I'éosinophilie sanguine et
tissulaire au cours des helminthiases. En effet, la description des complications d’organes
est limitée a de petites séries, ciblées soit sur une parasitose, soit sur un contexte clinique
particulier (zone d’endémie parasitaire, populations migrantes...). L’objectif de ce travail de
these était donc de décrire le spectre des atteintes d’organes induites par I'éosinophilie
tissulaire au cours des helminthiases rencontrées chez des patients consultant dans un

hopital universitaire de France métropolitaine.
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ABSTRACT

The clinical spectrum of eosinophil-related manifestations in helminthiases:
a single center case series of 131 patients in North of France

Objectives: Helminthiases are a common cause of eosinophilia with a wide spectrum of
clinical manifestations. The aim of our study was to describe the symptoms associated with
helminthiasis in patients consulting a university hospital in metropolitan France, and to
analyse them according to the parasite involved and the blood eosinophil count.

Methods: In this monocentric retrospective study, patients were included in case of
diagnosed helminthiasis, with an eosinophilia (EO) > 0.5 x 10%L on at least one occasion.
Patients were identified through the database of the parasitology laboratory of the
University Hospital of Lille over the period 2010 to 2020. In the absence of any other
explanation for the eosinophilia, the diagnosis of helminthiasis was retained in case of a
positive serological test, and with (i) a confirmation test, and/or (ii) in case of evocative
clinical criteria, and (iii) when the follow-up of the patient concluded to the efficacy of the
antiparasitic treatment, which had to exclude the alternative diagnoses. For each patient,
clinical, demographic and biological data, history of allergic manifestations, contact with
pets and use of antiparasitic drugs and/or corticosteroid treatment were collected
retrospectively. To discuss the distribution of clinical manifestations, a comparison group
of patients with idiopathic HES was formed from the national CEREO cohort.

Results: One hundred and thirty-one patients (34% female) were included, with a median
age [2;91] of 51 years. Of these patients, 31 (24%) had an allergic disorder (asthma, atopic
disease or allergic reaction). Toxocariasis was the most common disease (n=73), followed
by schistosomiasis (n=25), filariasis (n=10), fascioliasis (n=9), strongyloidiasis (n=8),
trichinosis (n=5) and one case of anisakiasis. During the course of toxocariasis, the
manifestations were cutaneous (34% of cases), respiratory (18%), gastrointestinal (15%),
vascular (7%) with essentially thromboembolic manifestations (7% venous thrombosis, 1
case of arterial thrombosis) and cardiac (1%). Of all the parasitic infections, 27 (21%)
patients had completely asymptomatic hypereosinophilia, and only 8 patients received
systemic corticosteroids. Comparison of symptomatic helminthiasis and hypereosinophilia
(N=52) with the CEREO idiopathic SHE cohort (N=148) showed similar frequencies of
cutaneous, gastrointestinal, respiratory and vascular involvements, excepted cardiac
involvement which was less frequent in parasitic infections (4% vs 30%, p<0.001). The
eosinophil count was significantly higher in symptomatic patients compared with
asymptomatic ones (median 1.7 [IQR 1.0-4.0] versus 1.2 [IQR 1.1-1.7] x 10%/L; p=0.037).

Conclusion: Beyond the features suggestive of certain parasitosis, the clinical
manifestations related to eosinophilia are comparable to those of idiopathic HES, and more
frequent with higher blood eosinophil counts, underlining the central role of eosinophils in
the occurrence of organ involvement.
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INTRODUCTION

Blood eosinophilia is a common condition in clinical practice and could lead to various
clinical features. A significant proportion of reactive eosinophilia is related to parasitic
infections, especially in tropical countries (4,24,25) but also in western countries in

immigrants (26) or international travellers (27).

Among parasitic diseases, helminths infections are characterized by the activation of Th-2
type cells leading to cytokines secretion (including Interleukin(lL)-4, IL-5 and IL-13). IL-5
contributes particularly to peripheral (blood) and tissue eosinophilia (6). Eosinophil related
toxicity is well-known especially concerning vascular endothelium (28). However, studies
in eosinophil-ablated mouses show conflicting roles of eosinophil in protective immunity
and pathogenesis and the relative roles of parasites and eosinophils in organ damages is

partially unknown (29).

From a clinical point of view, it is sometimes difficult to distinguish between eosinophil-
related and parasite-related manifestations. Furthermore, few data exist on the
consequences of blood and tissue eosinophilia in the context of helminthiasis. Indeed, the
description of organ complications is limited to small series, either targeted on a
parasitosis, or targeted on a particular clinical context (parasitic endemic area, migrant

populations...).

The objectives of our study were: (i) to describe the eosinophil-related clinical
manifestations of the most common helminthiasis in patients consulting in a French
metropolitan university hospital, (ii), to compare the eosinophil-related clinical

manifestations of helminthiasis with that of idiopathic hypereosinophilic syndromes.
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METHODS

Patients and eligibility criteria

Patients were identified thanks to a screening in the electronic database of the Department

of Parasitology of the Lille University Hospital between January 2010 and December 2020,

using the following serological tests:

Toxocariasis:  Toxocara canis IgG-ELISA, ELISA/NovaTec; NovaTec
Immundiagnostica, Dietzenbach, Germany;

Schistosomiasis: Schistosoma mansoni 1gG-ELISA, ELISA/NovaTec; NovaTec
Immundiagnostica, Dietzenbach, Germany; and/or indirect hemagglutination test
using erythrocytes coated with S. mansoni adult worm antigens (Fumouze
Diagnostics, Levallois-Perret, France);

Filariasis: Acanthocheilonema viteae IgG-ELISA, Bordier Affinity Products, Crissier,
Switzerland; or indirect hemagglutination (Fumouze Diagnostics, Levallois-Perret,
France);

Fasciolosis: Fasciola hepatica |gG-ELISA, Fumouze Diagnostics, Levallois-Perret,
France;

Strongyloidiasis: Strongyloides spp. IgG-ELISA, Scimedx Corporation, Dover (NJ),
USA;

Trichinosis:  Trichinella  spiralis |gG-ELISA, ELISA/NovaTec; NovaTec
Immundiagnostica, Dietzenbach, Germany.

Anasikiasis: Anisakis spp immunoelectrophoresis.

After screening of the medical charts, patients were excluded when they did not have

eosinophilia (AEC < 0.5 x10%L), in case of loss of follow-up and/or with missing clinical

data, and in case of an alternative diagnosis for eosinophilia: blood cancer
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(including leukemia, lymphoma, myeloma, myelodysplastic or myeloproliferative
syndromes), bullous pemphigoid, eosinophilic granulomatosis with polyangiitis (EGPA),
IgG4-related disease, ABPA, eosinophilic fasciitis, and immune-related induced EO in

patients treated for neoplasia.

Diagnosis of parasitic diseases

The parasitosis diagnosis was considered as definite (i) in case of microscopic
demonstration of viable eggs in stool samples or filtered urine (Schistosoma spp.),
microfilariae in a blood smear, mature worms in stool samples (Ascaris spp), OR (ii) in case
of positive serological assay (screening test) and (iii) in presence of additional diagnosis
criteria (a positive confirmation test or a highly suggestive clinical feature) (Table 2). For
Toxocariasis, a positive western-blot assay (WB, LDBIO Diagnostics, Lyon, France) with
at least 3 antigenic bands was required for definite diagnosis (30). For Schistosomiasis, a
positive Immunoelectrophoresis (IEP, LDBIO Diagnostics, Lyon, France) or WB (LDBIO
Diagnostics, Lyon, France) was required. For filariasis, the diagnosis was confirmed if the
patient reported a stay in a parasite endemic area and/or a positive IEP and/or the
presence of Calabar swelling and/or the presence of ocular symptoms; for Strongyloidiasis:
a stay in an endemic area; for Trichinosis: the evidence of facial oedema, myalgias, or

elevated creatine kinase; for Anisakiasis: the finding of gastrointestinal symptoms.
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Table 2. Diagnostic criteria of helminthiasis in the study

Helminthiasis

Toxocariasis

Schistosomiasis

Filariasis

Fasciolosis

Strongyloidiasis

Trichinosis

Anisakiasis

Serological test
IgG-ELISA anti-Toxocara canis

Schistosoma
indirect

lgG-ELISA  anti
mansoni or
hemagglutination
lgG-ELISA anti
Acanthocheilonema viteae or
indirect hemagglutination
lgG-ELISA anti Fasciola hepatica
lgG-ELISA Strongyloides spp.

lgG-ELISA anti Trichinella spiralis

Confirmation test (if available)
AND Western blot Toxocara with
3 to 5 antigenic bands
AND Immunoelectrophoresis

Schistosoma or western blot

AND/OR immunoelectrophoresis

AND/OR Western blot Trichinella

Immunoelectrophoresis Anisakis
spp.

Additional criteria

AND/OR direct proof of
Schistosoma mansoni or
haematobium in stool or
urine sample

AND stay in endemic area
AND/OR Calabar oedema
AND/OR ocular symptoms

AND stay in endemic area

AND face
myalgia with CK elevation
AND gastrointestinal
symptoms

oedema or

Patients who did not fulfil these criteria, and/or for who a final diagnosis of parasitic infection

was not confirmed at the end of follow-up i.e. without normalisation or significant decrease

of the AEC between 6 and 12 months (< 1.0 x 10%L and at least 50% decrease in case of

HE, < 0.5 x 10°%L otherwise) and/or with persistent symptoms after antiparasitic treatment

were considered as having an uncertain diagnosis and were not included.

The following data were retrospectively collected in medical charts: age, sex, stay in

parasitic endemic area, allergic disorders (defined as asthma, atopic dermatitis, rhinitis or

drug and food allergies), exposure to dogs, cats and other pets, biological data (CRP level,

maximal AEC and at 6-12 months after antiparasitic treatment), and treatment by anti-

helminthic drugs and/or corticosteroids.

- 16 -



Eosinophil-related organs involvement assessment

For each patient, the eosinophil-related (Eo-R) organ damages were considered in case of
symptoms, biological, radiological and pathological findings suggestive of reactive HES
symptoms, i.e. unspecific to a given parasitic infection and similar to idiopathic HES
symptoms. The considered Eo-R were dermatological like pruritus, rash (macular, papular
or maculo-papular, urticaria, erythroderma), angioedema (facial or limb recurrent
swellings); gastrointestinal symptoms (even if endoluminal parasites could explain some
of them) including diarrhoea, abdominal pain, icterus, ascites; cardiac and vascular
complications like venous or arterial thrombosis, endomyocardial fibrosis, myocarditis or
pericarditis. Conversely, specific parasite-related (Pa-R) manifestations, including
macroscopic haematuria in infection by Schistosomia haematobium, cutaneous or
conjunctival larva migrans, uveitis, liver abscesses and parasitic brain pseudo-tumour.
Muscular involvement including myalgias, elevated creatin kinase or necrotizing myositis
(MRI and electro-myographic proven) and constitutional symptoms (fever, weight loss of >
5%) were separately classified. A patient was considered asymptomatic when he did not

develop any Eo-R, Pa-R, muscular or constitutional symptoms.

Control cohort with idiopathic HES patients

We used the data from the French cohort COHESIon (national cohort of hypereosinophilic
syndrome patients, NCT04018118). At the time of finalizing the present study (August
2021), this cohort consisted of 148 patients of both sexes and of any age meeting the IHES
diagnostic criteria according to the International Cooperative Working Group on Eosinophil
Disorders (ICOG-EOQO) consensus conference (31). The clinical or biological manifestations
associated with idiopathic HES were known for the patients included in this registry, notably

cutaneous, gastrointestinal, respiratory, vascular and cardiac.
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Statistical analysis

Categorical variables are expressed as numbers (percentages) and quantitative variables
are expressed as median (interquartile range). Normality distribution was assessed
graphically and using the Shapiro-Wilk test. Comparisons of parameters between several
groups were done using the Kruskal-Wallis test followed by post hoc Dunn’s tests for
quantitative measures and chi-squared test (or Fisher's exact test in cases of expected cell
frequency <5) for responder rates. Statistical tests were done at the two-tailed a level of
0.05. No correction for multiple testing was carried out. Data analyses and graphs were
performed using the GraphPad Prism software version 9.1.2 (GraphPad Software, La Jolla,

CA, USA).

Ethical considerations

Our study complies with Institutional ethical standards and those of the national research
committee. For this type of study, authorisation from an Institutional Review Board was not
required and all collected data were anonymized in compliance with French Regulation.
Data collection and archiving were realized in accordance with the Commission National

de I'lnformatique et des Libertés (CNIL) guidelines.
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General characteristics

RESULTS

Four hundred and twenty-nine positive results of serology were identified thanks to a

screening in the electronic database. After exclusion of duplicates, patients lost of follow

up and/or with missing data, patients with AEC < 0.5 x 10°/L (Supplementary Table 4),

and patients with a potential alternative diagnosis for eosinophilia (Supplementary Table

5), a total of 131 patients with 7 different helminthiases were included (Figure 1):

Toxocariasis (N=73), Schistosomiasis (N=25), Filariasis (N=10), Fasciolasis (N=9),

Strongyloidiasis (N=8), Trichinosis (N=5), Anisakiasis (N=1). The median age at diagnosis

was 56 [2-91] years with 16 patients under the age of 18 years (12%) and a predominance

of males (n=87, 66%). For 27 patients (20%), a contact with a domestic animal was

documented, 69 (53%) had stayed in endemic area, a history of allergic disorder was

reported for 31 patients (24%).

429 positive serological tests for helminths
performed between 2010 and 2020

'

Exclusion of:
Duplicates, N=93
Patients lost of follow-up or with missing data, N = 74
Patients without eosinophilia (AEC < 0,5 x 10°/L),N = 42
Patients with unsuccessful antiparasitic treatment, N = 53

(no AEC decrease and/or persistent symptoms after treatment)

131 definite helminthic infections with eosinophilia

I ! ! ! ] l l
Toxocariasis Schistosomiasis Filariasis Fasciolosis Strongyloidiasis Trichinosis Anisakiasis
N=73 N=25 N=10 N=9 N-8 N=5 N=1

Figure 1. Study flow-chart.

AEC: Eosinophils absolute count.
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The demographic, clinical and biological characteristics of each population are detailed in
Table 3. Among the 88 patients who were diagnosed with an infection presumed to have
been contracted in metropolitan France (toxocariasis, fasciolosis, trichinosis and
anisakiasis), only 21 (24%) were asymptomatic and all the latter had a toxocariasis. Among
the 43 with an imported parasitic infection (schistosomiasis, filariasis, strongyloidiasis),

only 4 (9%) were asymptomatic (schistosomiasis and strongyloidiasis, n=2 each).

At least one antiparasitic treatment was reported in all cases (Figure 2), in order of
frequency: albendazole (n=84, 64%), ivermectin (n=52, 40%), praziquantel (n=32, 24%),
flubendazole (n=6, 5%), diethylcarbamazine and triclabendazole (n=2 each, 2%). Eight
patients (6%) had also received a treatment with corticosteroids: three of them had 1g
solumedrol pulses and oral steroids thereafter, and 5 received oral systemic steroids (20

to 80mg/day equivalent prednisone).

DIETHYLCARBAMAZINE
TRICLABENDAZOLE
FLUBENDAZOLE

PRAZIQUANTEL

ANTIPARASITIC TREATMENT

IVERMECTINE

ALBENDAZOLE

NUMBER OF TREATED PATIENTS

Figure 2. Antiparasitic treatment.
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Toxocariasis

Toxocariasis was the most common infection with 73 patients (56%) and a wide spectrum
of Eo-R organ involvement. Sixteen (22%) reported a contact with a domestic dog or cat.
Cutaneous symptoms were the most frequent (n=29, 34%), mainly rash (n=18, 25%),
urticaria (n=7, 10%) or angioedema (n=5, 7%). Respiratory involvement occurred in 13
patients (18%): 7 patients (10%) had dyspnoea and/or cough, 4 patients (5%) bilateral
pulmonary infiltrates, 2 patients (3%) bronchospasm. Gastrointestinal involvement was
reported in 11 patients (15%), 6 (8%) presented diarrhoea and 3 abdominal pain (4%),
there was one case of biopsy proven eosinophilic colitis, one case of icterus and one case
of mesenteric panniculitis. Vascular involvement was found in 5 patients (7%), mainly
venous thrombosis (n=5, 7%), and one case of arterial thrombosis. Endomyocardial
fibrosis was identified in one patient. Myalgias were also noted in two patients, one of whom
had necrotizing myositis. Considering Pa-R symptoms, ocular toxocariasis was found in
two cases and liver abscesses in 3 cases. Finally, 23 (32%) patients were asymptomatic.

(See Supplementary Table 6 for detailed information).

Other helminthiases

Schistosomiasis (n=25). All patients had stayed in endemic area in Africa and in 14 cases,
the parasite was detected in the stool and/or urine. Digestive involvement was found in
n=11 (44%). Cutaneous symptoms were relatively uncommon (n=2, 8%), as well as
respiratory involvement (1 patient with cough and dyspnoea). Pa-R manifestations were
the following: 8 cases of macroscopic haematuria, one case of liver abscess and one of
cerebral pseudo-tumour located in the occipital region (Schistosoma haematobium was
identified on the resection piece). Three patients (2%) presented constitutional symptoms:

2 had fever and one reported weight loss. (Supplementary Table 7). We included in our
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study a case of cerebral schistosomiasis, previously published by Loridant et al. (53) and
revealed by a homonymous lateral hemianopia initially suspected to be a glioblastoma.
The diagnosis was established by extemporaneous pathological examination and the
incriminated species was Schistosomia haematobium with an associated intestinal

location.

Filariasis (n=10). Skin manifestation occurred in 70% of patients with 5 cases (50%) of
remitting limb oedema (also known as Calabar swelling), 2 cases of urticaria (20%). Two
patients showed respiratory involvement: one had bilateral pulmonary infiltrates, the other
one bronchospasm. Ocular larva migrans was the most frequent Pa-R manifestation,
observed in n=4 (40%), and one case of cutaneous larva migrans was also recorded

(Supplementary Table 8).

Fascioliasis (n=9). The main Eo-R manifestations were digestive (n=5) and unspecific
(diarrhoea, abdominal pain), followed by skin manifestations (n=4): 3 cases of skin rash
and one of urticaria. Eosinophilic pleural effusion was observed in one case. The sole Pa-

R manifestation was a liver abscess (n=1). (Supplementary Table 9)

Strongyloidiasis (n=8). Respiratory involvement was documented in n=3 (2 cases of
bilateral pulmonary infiltrates and 1 of severe dyspnoea), skin involvement in n=2 (one rash
and one urticaria). There was one case of cutaneous /arva migrans. (Supplementary

Table 10)

Trichinosis (n=5). Skin involvement was documented in n=2 (one case of angioedema and
one of urticaria), diarrhoea in n=2, respiratory manifestations in 2 cases (of which one of
bronchospasm). There was one case of myopericarditis and venous thrombosis. Myalgias

were present in n=3 and CK elevation in n=2. (Supplementary Table 11)
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Anisakiasis. The sole reported case of Anisakiasis involved an 8-year-old girl with
persistent abdominal pain associated with a 4.4 x 10°%L HE. After treatment with

Albendazole, both the symptoms and the circulating HE resolved.

AEC and CRP levels

The median AEC value was higher in symptomatic patients than in asymptomatic ones
(1.7 [IQR 1.0-4.0] vs. 1.2 [IQR 1.1-1.7] x 10%/L; p=0.037). The graphical representation of
AEC according to parasitosis (Figure 3) highlights that median AEC is above 1.5 x 10%/L
for filariasis, fascioliasis, strongyloidiasis and trichinosis and below this threshold for
toxocariasis and schistosomiasis. We further notice that all fascioliasis presented an HE

and that major HE (above 10 x 10%L) is particularly found in toxocariasis.

p=0.13
100

o
ome oh o o

AEC (x 10.9/L)

| Jf ..... kil

1

Figure 3. AEC distribution for each parasitosis.
AEC: Absolute Eosinophil Count (x 10%L). Dotted line: 1.5 x 10%L.
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There was no statistically significant difference for CRP (6 [IQR 1.5-20.5] mg/L in

symptomatic patients vs. 7 [IQR 1.5-20.0] mg/L in asymptomatic patients; p=0.537).

AEC and organ involvement

AEC were different according to the organ involvement, with an increasing level between
patients with skin, respiratory, digestive, vascular and cardiac involvements (p = 0.0057)
(Figure 4). However, there was no statistically significant difference in a post hoc 2-to-2

comparison according to Dunn's test.

p = 0.0057
100
A
A v
J 4
S 10 B
% v
(@) Yiy
| A
< A
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1 a2

T
Skin Respiratory Digestive Vascular Cardiac

Figure 4. AEC distribution for each organ involvement.
AEC: Absolute Eosinophil Count (x 10%L). Dotted line: 1.5 x 10%/L.
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Furthermore, AEC increased when we compared patients without any Eo-R involvement
(n=47/131, 36%), patients with one organ involvement, i.e a single-organ reactive HES

(n=67/131, 51%) and patients with at least 2 organ involvements, i.e a system HES

(n=17/131, 13%) (p<0.0001) (Figure 5).

%k %k %k %k

* %k %k Xk

AEC (x 10.9/L)

1
Asymptomatic (n=47) 1 organ (n=67) 2 2 organs (n=17)

Figure 5. AEC comparison between asymptomatic patients (n=47), single organ-

involvement (n=67) and multi-organ involvement (n=17).
p-value (Kruskal-Wallis test): * < 0.05; *** < 0.001; **** < 0.0001. AEC: Absolute Eosinophil

Count (x 10%/L).
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Comparison of clinical pattern of Eo-R organ manifestations in helminthiasis and
idiopathic HES

Finally, we aimed to assess if Eo-R organ involvements in helminthiasis differed from organ
involvements observed in idiopathic HES patients. We compared the clinical pattern of
patients with Eo-R manifestations and AEC > 1.5 x 10°%L (n=52), with idiopathic HES
patients from a national cohort (n=148) (Figure 6). There was no statistically significant
difference (p>0.05) between the two cohorts in the frequency of cutaneous (48% of
helminthiasis vs. 42% of iIHES), gastrointestinal (44% vs. 39%), respiratory (33% vs. 32%),
and vascular (14% vs. 12%) involvement. However, cardiac involvement was significantly

more frequent in IHES: 30% versus 4% in helminthic infections (p=0.0023).

60 -
Bl Helminthiasis (n=52)
0
E 4 I ™ . . =
= p 0.0023 B3 |diopathic HES (n=148)
5 .
Y
© 204
I~
0- 1 1 T -l ITH
6‘:\0 3 @0 ’b\o(* ‘8\00 oo\'b‘
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Figure 6. Comparison of clinical features between helminthiasis and iHES.
Unsignificant differences (p>0.05) were found for skin, digestive respiratory and vascular
involvement. The iHES group included 148 patients of a national cohort, and the
helminthiases group involved the 52 patients with an AEC > 1.5 x 10%L and Eo-R
manifestations.
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DIsSCUSSION

Our study aimed to describe the spectrum of Eo-R organ damages in patients who were
diagnosed with a helminthiasis with eosinophilia in a university hospital in North of France.
The main autochthonous parasitic infection was toxocariasis by far, and the main supposed
imported parasitic infection was schistosomiasis. In one hand, our study also shows that
one fifth of the whole population and that one third of patients with toxocariasis were
asymptomatic despite eosinophilia or hypereosinophilia, but in a second hand, that Eo-R
symptoms in the other patients are similar to idiopathic HES, excepted cardiac involvement

which was less frequent.

To distinguish Eo-R from Pa-R symptoms, we considered as probable Eo-R symptoms the
usual symptoms seen in other eosinophilic disorders, and which could not be directly
induced by the parasite. However, this assumed bias must be discussed for some of them.
For example, digestive symptoms could be induced by an adult worm, but blood
eosinophilia (which was an inclusion criteria) is usually absent at this stage of the infection,
conversely to mucosal eosinophilia which can contribute to symptoms. Calabar swelling
are transient oedema of the limbs, sometimes highly pruritic and painful, and are
considered as pathognomonic of Loa loa filariasis by some authors (32). However, similar
recurrent angioedema or oedema were observed in other helminthiasis in our case series,
and are also well known features of lymphocytic and idiopathic HES (33). In contrast,
conjonctival larva migrans (toxacariasis, filariasis...) or cutaneous larva migrans
(hookworm, filariasis...), macroscopic haematuria or bladder calcifications
(Strongyloidiasis) are certain Pa-R symptoms that can lead to a quick diagnosis in a context

of eosinophilia.
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The clinical manifestations associated with toxocariasis were extremely diverse: from
asymptomatic infection to severe organ injury, sometimes mimicking a systemic disease
(34). The high frequency of asymptomatic infection rises the need to search toxocariasis
in patients with eosinophilia, even if the patient does not report any contact with dogs or
cats (only 21.5% did in our case series). The underlying issue under this high frequency,
is that a confirmed anti-toxocara antibody test does not mean that infection is recent and/or
responsible of eosinophilia. Indeed, a recent systematic review and meta-analysis reported
seroprevalence estimates for toxocariasis at 19% (C195%: 16.6-21.4) and European
regions had the lower seroprevalence, estimated at 10.5% (8.5-12.8) (35). Of course, a
large majority of cases are asymptomatic and may not develop eosinophilia and Eo-R
symptoms, and a single positive titre indicates that a person has had contact with Toxocara
spp in the past, it cannot distinguish between active infection and a serological scar.
Therefore, for toxocariasis-related eosinophilia, we here considered a definite diagnosis
when no other explanation was found for eosinophilia, and when anti-parasitic drug
seemed to be efficient, with persistent clinical remission and normalization of AEC (out of

any steroid treatments).

Another side of the diagnostic challenge in helminthic infections is the delay between
parasitic infection and blood EO. Low in the invasion stage, the circulating EO increases
rapidly with tissue migration of the parasite and progressively decreases after a state
phase. The blood EO evolution according to the time follows an asymmetric bell curve
(known as Lavier's curve in French-speaking countries) possibly recurring in case of
reinfection. As a consequence of this delay, when blood EO and Eo-R symptoms occur,
the period in which the parasite could be directly detected is over. This could explain the

low diagnostic reliability of repeated parasitological stool examinations in clinical practice.
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In toxocariasis cases, skin, respiratory and digestive symptoms were the most frequent.
Skin symptoms were unspecific: skin rash, urticaria or angioedema, which are common
features of idiopathic HES, should evoke the diagnosis of toxocariasis, as reported by
others (36). A few studies suggest an association between chronic urticaria and infection
or exposure to this parasite (37,38), sometimes resolving after treatment with albendazole
(39). We also observed a case of necrotizing myositis, a rare but known complication (40—
42) of toxocariasis (although often associated with a Staphyloccocus aureus infection,
which was not the case here). Abdominal symptoms are a typical complain of Toxocariasis,
the presence of liver abscesses is not uncommon (43,44) and occurred in 3 patients,
sometimes masquerading metastasis or liver malignancy (45) responding to antiparasitic

drugs for two of our patients (data not available for the third one).

A supplementary analysis was conducted in toxocariasis patients, comparing Eo-R
manifestations according to AEC levels (below and above 1.5 x 10°/L). The excluded
patients due to the absence of EO (AEC under 0.5 x 10%/L) were used as control group
(among the 42 patients without EO, 38 were toxocariasis). The comparison showed two
facts (see Supplementary Table 12). First, that extracutaneous manifestations appear
when AEC is greater than 0.5 x10%L. Secondly, that among cutaneous manifestations,
skin rash seems to be more related to eosinophils than angioedemalurticaria. However,
the links between urticaria and an incidentally detected positive toxocariasis serology
remains unclear (36,38) and blood eosinophilia does not always reflect cutaneous

eosinophilic infiltration (46).

In other parasitic infections, Eo-R were also more frequent that Pa-R symptoms. We
particularly highlight the frequency of cardiac and vascular complications during
helminthiasis, occurring in 8 patients or 11% of the cohort, including 7 cases of venous

thrombosis and one of arterial thrombosis, one case of myopericarditis and one of
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endomyocardial fibrosis. Around 30 cases of myocarditis, pericarditis and/or
endomyocardial fibrosis have been reported with toxocariasis and numerous others with
tropical helminthiasis, mainly schistosomiasis, cysticercosis, or echinococcosis (47-50).
HE greater than 1.5 x 10%/L is always reported in these cases, as in our 2 cases, but authors
suggest that myocardial damages could be made by both local infection by larva and by
local eosinophil-mediated hypersensitivity reactions (48,50). Venous thrombotic events
(n=7 in our case series) were rarely reported, but also only with HE > 1.5 x 10%L. The
scientific literature reports arterial thrombotic manifestations during toxocariasis in only one
case, with the presence of an intra-aortic thrombus (which was also the case in our
patients): the mechanism suggested by Traboulsi and al. is that of an immune reaction
related to parasite migration, rather than eosinophils themselves despite a major HE with

an AEC at 15 x 109 /L (51).

Finally, when all parasitic infections were considered, AEC were also different according
to the organ involvement, with an increasing level between patients with skin, respiratory,
digestive, vascular and cardiac involvements (p = 0.0057) (Figure 4), and AEC increased
when comparing patients without any Eo-R involvement, with one organ involvement, or
with at least 2 organ involvements (p < 0.0001) (Figure 5): this highlights once again that
eosinophils may be responsible of severe reactive HES manifestations, and that higher

AEC may expose patients to a more systemic disease.

Comparison of clinical features between helminthiasis and IHES showed similar
frequencies for cutaneous, gastro-intestinal, respiratory and vascular involvements, but not
cardiac involvement which appeared more frequent in the iIHES cohort. This similarity
highlights that an idiopathic HES must not be diagnosed without a complete parasitic

investigations and that anti-parasitic drug should be considered (54).

-32-



Our study had the following strengths: we included 131 patients with 7 different
helminthiases through serological screening combined with confirmation test and/or clinical
and biological criteria to increase the diagnostic reliability. We described the clinical
features of the different parasitic infection making a distinction between Eo-R
manifestations and Pa-R symptoms. Finally, the comparison between our helminthiasis
cohort and the iIHES COHESion cohort highlights a similar clinical profile (except for cardiac
involvement). However, our work was limited by its retrospective character and a collection

bias with the exclusion of many patients with incomplete data.
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CONCLUSION

Ce travail a permis de décrire les helminthiases les plus fréquemment diagnostiquées dans
un CHU de France métropolitaine. Parmi les 131 patients inclus, on comptait une majorité
de toxocaroses (n=73), 25 cas de bilharziose, 10 de filariose, 9 de distomatose, 8
d’anguillulose, 5 de trichinose et un d’anisakidose. Les quinze patients atteints de possible
ascaridiose n’ont finalement pas été inclus dans notre étude en raison de la faible
spécificité de la sérologie (nombreuses réactions croisées avec d’autres helminthiases) et
d’une clinique peu spécifique rendant la confirmation diagnostique complexe (55,56). Deux
catégories de symptdbmes était distinguées : ceux associés a I'éosinophile (par analogie
avec les syndromes hyperéosinophiliques) et ceux directement liés a la présence du
parasite (larva migrans cutané ou oculaire, abcés hépatiques, toxocarose oculaire, ou
localisation parasitaire cérébrale). Cette distinction a permis de faire émerger des
manifestations communes aux différentes parasitoses, attribuées a une toxicité de
I'éosinophile : cutanées (avec les angiocedémes récidivant de la loase ou de la trichinose;
l'urticaire de la toxocarose et d’autres éruptions cutanées), digestive (diarrhées et douleurs
abdominales, colite a éosinophile...), respiratoires (infiltrats pulmonaires bilatéraux,
bronchospasme), vasculaire (majoritairement des thromboses veineuses) et cardiaques

(fibrose endomyocardique et myopéricardite).

Nous avons plus particulierement discuté I'association avec I'’éosinophile de deux types de
manifestations. D’abord, I'urticaire chronique décrite dans la toxocarose, pour certains
auteurs attribuable a un mécanisme d’hypersensibilité (36,38,57), pour d’autre secondaire
a une infiltrat éosinophilique cutané (58). La méme question se posait pour les
manifestations thrombotiques, dont la fréquence est comparable dans I'éosinophilie
parasitaires et dans les SHE idiopathique. L’étude récemment menée par Réau et coll. sur

les thromboses veineuse au cours des maladies associées aux éosinophilies incluait
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plusieurs patients atteints de parasitoses (59). Sur le plan physiopathologique, le caractére
thrombotique de I'éosinophilie circulante est soutenu par plusieurs études : en lien avec la
dégranulation mastocytaire (60), la formation de complexes immuns circulants (61),
I'expression du facteur tissulaire secondaire a I'élévation des taux sériques d’'IL-1, d’IL-6

et de TNF alpha (62,63).

Notre étude était limitée par la difficulté du diagnostic parasitologique. Tout d’abord en
raison de la faible spécificité des tests sérologiques de dépistage avec de nombreuses
faux positifs et I'absence de tests de confirmation pour certaines parasitoses. Par ailleurs,
le décalage entre la phase d’excrétion du parasite et I'éosinophilie circulante illustré par la
courbe de Lavier rend particulierement peu rentable 'examen parasitologique des selles

chez le patient adressé pour une éosinophilie.

Au final, ce travail a permis d’étudier de fagon globale les manifestations cliniques
associées aux éosinophilies parasitaires. La proximité du profil clinique des parasitoses
avec les SHE idiopathique insiste sur le réle pathogéne de I'éosinophile et invite a
rapprocher I'éosinophilie associée aux parasitoses a I'ensemble des maladies associées

aux éosinophiles.
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ANNEXES

Table 4. Patients without eosinophilia (AEC < 0.5 x 10%/L)
N =42

Age at diagnosis, median (range), years 54.3 (13.9-78.5)
Male 24 (57.1%)
Contact with pets 11 (26.2%)
Allergic disorders 17 (40.5%)
Stay in endemic area 8 (19.0%)
Glucocorticoids 3(7.1%)
AEC, median (IQR), x 10%/L 0.2 (0.1-0.3)
Parasitological diagnosis
Toxocariasis 38

Asymptomatic 13

Urticaria 13

Angioedema 8

Skin rash 1

Uveitis 3

Cough 1
Fasciolosis: one case with cough, icterus and weight loss
Trichinosis: one case with myalgia
Schistosomiasis : one asymptomatic case
Strongyloidiasis: one asymptomatic case

AEC: absolute eosinophil count.

Table 5. Alternative diagnosis (other than helminthiasis) N =36

ABPA
AERD
Bullous pemphigoid
EGPA
Eosinophilic fasciitis
1gG4-related disease
Idiopathic Hypereosinophilic syndrome
Kounis syndrome
Leukaemias
Acute myeloid leukaemia
Chronic eosinophilic leukaemia
Plasma cell leukaemia
Lymphomas
Hodgkin lymphoma
Non Hodgkin lymphoma
Myelodysplastic syndrome
Myeloproliferative syndrome
Pembrolizumab induced eosinophilia

= kN R W R P, NW R D

NN W w e

EGPA: eosinophilic granulomatosis with polyangiitis;
ABPA: allergic bronchopulmonary aspergillosis;
AERD: aspirin exacerbated respiratory disease (Widal or Samter’s triad)
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Table 6. Toxocariasis: Demographic, clinical, and biological features

N=73
Age at diagnosis, median (range), years 63.9 (6.2-90.5)
Adults 68 (93.2%)
Under 18 years old 5 (6.8%)
Male 50 (68.5%)
Contact with pets 16 (21.5%)
Allergic disorders 19 (26%)
Stay in endemic area 20 (27.4%)

Antiparasitic treatment
Albendazole
Flubendazole
Ivermectin
Praziquantel
Antiparasitic treatment duration, median (range), days
Glucocorticoids use
AEC, median (IQR), x 10°/L
Eosinophilia (0.5-1.5 x 10°/L)
Hypereosinophilia (>1.5 x 10%/L)
CRP, median (IQR), mg/I
CRP > 5 mg/I
Western blot confirmation (specifics bands between 24 and 35 kDa)
5 bands
4 bands
3 bands
Asymptomatic

63 (86.3%)
4 (5.5%)

20 (27.4%)
2 (2.7%)

10 (1-15)

3 (4.1%)

1.4 (1.0-2.7)
39 (53.4%)
34 (46.6%)
8.5 (1.5-19.8)
36 (49.3%)
73 (100%)
60 (82.2%)
7 (9.6%)

3 (4.1%)

23 (31.5%)

EOSINOPHIL RELATED ORGAN INVOLVEMENT

Skin 29 (33.7%)
Skin rash 18 (24.7%)
Urticaria 7 (9.6%)
Angioedema 5 (6.8%)

Digestive 11 (15.1%)
Diarrhoea 6 (8.2%)
Abdominal pain 3(4.1%)
Biopsy-proven colitis* 1(1.4%)
Icterus 1(1.4%)
Mesenteric panniculitis 1(1.4%)

Respiratory 13 (17.8%)
Dyspnoea and/or cough 7 (9.6%)
Bilateral pulmonary infiltrates ™ 4 (5.4%)
Bronchospasm 2 (2.7%)

Vascular 5 (6.8%)
Venous thrombosis 5 (6.8%)
Arterial thrombosis 1(1.4%)

Cardiac 1(1.4%)
Endomyocardial fibrosis 1(1.4%)

PARASITE RELATED MANIFESTATIONS
Uveitis 2 (2.7%)
Liver abscess 3(4.1%)
OTHER SYMPTOMS

Muscular involvement 2 (2.7%)
Myalgia 1(1.4%)
CK elevation 1(1.4%)
Necrosing myositis 1(1.4%)

Constitutional symptoms 5(6.8%)
Fever 2(2.7%)
Weight loss 3(4.1%)

AEC: absolute eosinophil count ;CRP: C reactive protein; T Computed tomography

scan finding; * With eosinophilic infiltrate.
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Table 7. Schistosomiasis: Demographic, clinical, and biological features

N =25
Age at diagnosis, median (range), years 25.5 (6.5-70.9)
Adults 19 (76%)
Under 18 years old 6 (24%)
Male 22 (88%)
Allergic disorders 1 (4%)
Stay in Africa 25 (100%)
Antiparasitic treatment
Praziguantel 22 (88%)
lvermectin 8 (32%)
Albendazole 5(20%)
Antiparasitic treatment duration, median (range), days 2 (1-14)
Glucocorticoids use 0
AEC, median (IQR), x 10%/L 1.1 (0.8-3.0)
Eosinophilia (0.5-1.5 x 10°/L) 16 (64%)
Hypereosinophilia (>1.5 x 10%/L) 9 (36%)
CRP, median (IQR), mg/L 1.5(1.5-8)
CRP >5 mg/| 9 (32%)
Western blot confirmation 22 (88%)
Parasitic direct identification 14 (56%)
Stool 8 (32%)
Urine 6 (24%)
Asymptomatic 2 (8%)
EOSINOPHIL RELATED ORGAN INVOLVEMENT
Skin 2 (8%)
Skin rash 1 (4%)
Urticaria 1 (4%)
Angioedema 1(4%)
Digestive 11 (44%)
Diarrhoea 8 (32%)
Abdominal pain 3(12%)
Biopsy-proven colitis* 1 (4%)
Chylous ascites 1 (4%)
Respiratory 1(4%)
Dyspnoea and/or cough 1 (4%)
Vascular 1(4%)
Venous thrombosis 1(4%)
PARASITE RELATED MANIFESTATIONS
Haematuria 8 (32%)
Bladder calcifications 2 (8%)
Liver abscess 1 (4%)
Occipital pseudotumort 1(4%)
OTHER SYMPTOMS
Constitutional symptoms 3(12%)
Fever 2 (8%)
Weight loss 1 (4%)

AEC: absolute eosinophil count ; CRP: C reactive protein;

* With eosinophilic infiltrate; £ With pathological evidence of the parasite.
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Table 8. Filariasis: Demographic, clinical, and biological features

N=10
Age at diagnosis, median (range), years 36.1(1.7-68
Adults 8 (80%)
Under 18 years old 2 (20%)
Male 4 (40%)
Allergic disorders 3 (30%)
Stay in endemic area 10 (100%)
Central et western Africa 8 (80%)
French Guyana 1(10%)
South America 1(10%)
Antiparasitic treatment
lvermectin 9 (90%)
Albendazole 6 (60%)
Flubendazole 1(10%)
Praziquantel 3 (30%)
Diethylcarbamazine 2 (20%)
Antiparasitic treatment duration, median (range), days 15 (2-28)
Glucocorticoids use 1 (10%)
AEC, median (IQR), x 10°/L 1.8(1.2-3.0)
Eosinophilia (0.5-1.5 x 10°/L) 4 (40%)
Hypereosinophilia (>1.5 x 10%/L) 6 (60%)
CRP, median (IQR), mg/L 6 (1.5-8.0)
CRP > 5 mg/I 4 (40%)
Positive immunoelectrophoresis 3 (30%)
Asymptomatic 0
EOSINOPHIL RELATED ORGAN INVOLVEMENT
Skin 7 (70%)
Urticaria 2 (20%)
Angioedema * 5 (50%)
Respiratory involvement 2 (20%)
Bilateral pulmonary infiltratest 1 (10%)
Bronchospasm 1(10%)
PARASITE RELATED MANIFESTATIONS
Ocular larva migrans 4 (40%)
Cutaneous larva migrans 1(10%)
OTHER SYMPTOMS
Myalgia 1(10%)

AEC: absolute eosinophil count ; CRP: C reactive protein; * Computed tomography

scan finding; ¥ Corresponding to Calabar swelling for some authors.
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Table 9. Fasciolasis: Demographic, clinical, and biological features

N=9

Age at diagnosis, median (range), years
Adults

63.7 (9.4-88.7)
8 (89%)

Under 18 years old 1(11.%)
Male 3 (33%)
Watercress consumption 3(33%)
Allergic disorders 3(33%)
Antiparasitic treatment
Albendazole 3(33%)
Triclabendazole 2 (22%)
Unspecified 4 (44%)
Antiparasitic treatment duration, median (range), days 5(1-15)
Glucocorticoids use 0
AEC, median (IQR), x 10°/L 3.0(2.0-4.0)
Eosinophilia (0.5-1.5 x 10°/L) 0
Hypereosinophilia (>1.5 x 10°/L) 9 (100%)
CRP, median (IQR), mg/L 20 (17-65)
CRP > 5 mg/I 7 (78%)
Positive Fasciola hepatica immunoelectrophoresis 2 (22%)
EOSINOPHIL RELATED ORGAN INVOLVEMENT
Skin 4 (44%)
Skin rash 3(33%)
Urticaria 1(11%)
Digestive 5 (56%)
Abdominal pain 4 (44%)
Diarrhoea 1(11%)
Respiratory involvement 1(11%)
Eosinophilic pleural effusion 1(11%)
PARASITE RELATED MANIFESTATIONS
Liver abscess 1(11%)
OTHER SYMPTOMS
Fever 1(11%)

AEC: absolute eosinophil count ; CRP: C reactive protein.
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Table 10. Strongyloidiasis: Demographic, clinical, and biological features

N=8
Age at diagnosis, median (range), years 39.1 (4.5-64.4)
Adults 7 (87.5%)
Under 18 years old 1(12.5%)
Male 5 (62.5%)
Allergic disorders 1(12.5%)
Stay in endemic area 8 (100%)
North Africa 3(37.5%)
Central America 2 (25.0%)
South-East Asia 1(12.5%)
Portugal 1(12.5%)
France overseas 1(12.5%)
Antiparasitic treatment
Ilvermectin 8 (100%)
Albendazole 2 (25.0%)
Flubendazole 1(12.5%)
Praziquantel 2 (25%)
Antiparasitic treatment duration, median (range), days 2 (1-15)
Glucocorticoids use 3(37.5%)
AEC, median (IQR), x 10%/L 2.0(1.6-3.3)
Eosinophilia (0.5-1.5 x 10%/L) 2 (25.0%)
Hypereosinophilia (>1.5 x 10°/L) 6 (75.0%)
CRP, median (IQR), mg/L 17 (10-55)
CRP >5 mg/| 5 (62.5%)
Asymptomatic 2 (25.0%)
EOSINOPHIL RELATED ORGAN INVOLVEMENT
Cutaneous involvement 2 (25%)
Skin rash 1(12.5%)
Urticaria 1(12.5%)
Gastro-intestinal involvement 2 (25.0%)
Diarrhoea 1(12.5%)
Jejunitist 1(12.5%)
Respiratory involvement 3(37.5%)
Dyspnoea and/or cough 1(12.5%)
Bilateral pulmonary infiltratest 2 (37.5%)
PARASITE RELATED MANIFESTATIONS
Cutaneous larva migrans 1(12.5%)
OTHER SYMPTOMS
Fever 1(12.5%)

AEC: absolute eosinophil count ; CRP: C reactive protein;
t Computed tomography scan finding;

- 46 -



Table 11. Trichinosis: Demographic, clinical, and biological features

N=5
Age at diagnosis, median (range), years 63.8 (44.6-78.2)
Adults 5 (100%)
Male 3 (60%)
Allergic disorders 3 (60%)
Antiparasitic treatment
Albendazole 4 (80%)
Ivermectin 4 (80%)
Praziquantel 2 (40%)
Antiparasitic treatment duration, median (range), days 15 (2-15)
Glucocorticoids use 1 (20%)
AEC, median (IQR), x 10°/L 1.7 (1.3-8.0)
Eosinophilia (0.5-1.5 x 10%/L) 2 (40%)
Hypereosinophilia (>1.5 x 10°/L) 3 (60%)
CRP, median (IQR), mg/L 6 (6-13)
CRP > 5 mg/I 4 (80%)
Western blot confirmation 2 (40%)
Asymptomatic 0
EOSINOPHIL RELATED ORGAN INVOLVEMENT
Skin 2 (40%)
Urticaria 1(20%)
Face oedema 1(20%)
Digestive 2 (40%)
Diarrhoea 2 (40%)
Respiratory 2 (40%)
Dyspnoea and/or cough 1 (20%)
Bronchospasm 1(20%)
Vascular 1(20%)
Venous thrombosis 1(20%)
Cardiac 1 (20%)
Myopericarditis 1(20%)
OTHER SYMPTOMS
Myalgia 3 (60%)
CK elevation 2 (40%)

AEC: absolute eosinophil count; CRP: C reactive protein.
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Table 12. Toxocariasis clinical manifestations according to AEC level (x 10%/L)

AEC <0.5 0.5<AEC<1.5 AEC>1.5
(N=38) (N=40) (N=33)
Asymptomatic 13 (34.2%) 18 (45%) 5(15.1%)
EOSINOPHIL RELATED ORGAN INVOLVEMENT
Skin 21 (55.3%) 17 (42.5%) 12 (36.4%)
Skin rash 1(2.6%) 9 (22.5%) 9 (27.3%)
Urticaria 13 (34.2%) 5(12.5%) 2 (6.1%)
Angioedema 8(21.1%) 5(12.5%) -
Digestive - 4 (10%) 7 (21.2%)
Diarrhoea - 2 (5%) 4(12.1%)
Abdominal pain - 1(2.5%) 2 (6.1%)
Biopsy-proven colitis* - 1(2.5%) -
Icterus - 1(2.5%) -
Mesenteric panniculitis - - 1(3.0%)
Respiratory 1(2.6%) 4 (10%) 9(27.3%)
Dyspnoea and/or cough 1(2.6%) 3(7.5%) 4 (12.1%)
Bilateral pulmonary infiltratest - - 4(12.1%)
Bronchospasm - 1(2.5%) 1(3.0%)
Vascular - - 5(15.2%)
Venous thrombosis - - 5(15.2%)
Arterial thrombosis - - 1(3.0%)
Cardiac - - 1(3.0%)
Endomyocardial fibrosis - - 1(3.0%)
PARASITE RELATED MANIFESTATIONS
Uveitis 3(7.9%) 1(2.5%) 1 (3.0%)
Liver abscess - - 3(9.1%)
OTHER SYMPTOMS
Muscular involvement - 2 (5%) -
Myalgia - 1(2.5%) -

CK elevation - 1(2.5%) -
Necrosing myositis - 1(2.5%) -
Constitutional symptoms - 2 (5%) 3(9.1%)
Fever - 1(2.5%) 1(3.0%)
Weight loss - 1(2.5%) 2 (6.1%)

AEC: absolute eosinophil count ;CRP: C reactive protein; T Computed tomography scan finding;
* With eosinophilic infiltrate.
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Résumé :

Objectifs : Les helminthiases sont une cause fréquente d’€osinophilie avec un large spectre de
manifestations cliniques. Le but de notre étude était de décrire les symptdmes associés aux
helminthiases chez des patients consultant dans un CHU de France métropolitaine, et de les
analyser en fonction du parasite en cause et du taux d’éosinophiles sanguins.

Meéthodes : Dans cette étude rétrospective monocentrique, les patients étaient inclus en cas
d’helminthiase diagnostiquée, avec une éosinophilie (EO) > 0.5 x 109/L. lls étaient identifiés grace
a la base de données du laboratoire de parasitologie du CHU de Lille entre 2010 et 2020. En
'absence d’autre explication a I'éosinophilie, le diagnostic d’helminthiase était retenu en cas de
positivité d’'un test sérologique, et avec (i) un test de confirmation antigénique, et/ou (ii) en cas de
critéres cliniques évocateurs, et (iii) lorsque le suivi du patient concluait a I'efficacité du traitement
antiparasitaire. Pour discuter la répartition des manifestations cliniques, un groupe comparateur
de patients atteints de SHE idiopathiques était constitué a partir de la cohorte nationale du
CEREO.

Résultats : 131 patients (dont 34% de femmes) ont été inclus, d’age médian [2 ;91] de 51 ans.
Les cas de toxocaroses étaient les plus fréquents (n=73), suivi des bilharzioses (n=25), filarioses
(n=10), distomatoses (n=9), anguilluloses (n=8), trichinoses (n=5) et un cas d’anisakiase. Dans la
toxocarose les manifestations étaient cutanées (34% des cas), respiratoires (18%), gastro-
intestinales (15%) vasculaires (7%) avec essentiellement des manifestations thrombo-emboliques
(7% de thromboses veineuses, 1 cas de thrombose artérielle) et cardiaque (1%). La comparaison
entre les helminthiases symptomatiques avec hyperéosinophilie (N=52) et la cohorte de SHE
idiopathiques du CEREO (N=148) montre une répartition comparable des atteintes cutanées,
gastro-intestinales, respiratoires, vasculaires et oculaires ou cérébrales. Le taux d’éosinophiles
était significativement plus élevé chez les patients symptomatiques par rapport aux
asymptomatiques (médiane 1.7 [IQR 1.0-4.0] contre 1.2 [IQR 1.1-1.7] x 10%L ; p=0.037).

Conclusion : Au-dela des manifestations évocatrices de certaines parasitoses, les manifestations
cliniques liés a I'éosinophilie sont comparables aux atteintes des SHE idiopathiques, et plus
fréquentes en cas d’'HE que d’EOQ, soulignant le réle central des éosinophiles dans la survenue
des manifestations d’organes.
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