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Woman, 73y

B Sept 2021: Referred by infectiologist. Yearly check-up Okt 2020: high eosinophilia.
B Medical history: 2014 Colon carcinoma -- > partial colectomy
B Filaria serology pos and heterogenous liver lesions: R/ DEC and doxycycline in January '21.
B 7/2021: due to persistent eosinophilia and disease activity on PET, treatment with
lvermectin and Albendazole. Also steroids.
B Since Dec 2020: now and then pain right upper abdomen: ‘stitching’
B Itch on head, hear loss ++
Current treatment:
® Norash P tatine 40 1x1
B Vision blurred, cataract since return ravastatine &L mg =X
Naproxen PRN
B Livedin Rwanda 1981 - 1989, then Burundi till 1996, then Ivory Coast till 1998
B Then Rwanda till July 2020
B Teacher in Belgian School. Husband architect.
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Lab results

Wilte bloedcallan + 11.8 10.E90 45-11.0
|Meutrofielen - 36 % 40 - 75
|Ensir1|::-f‘|alan + 35 e 0-6
|Eas-:!ﬁelen 1 % 0-1
ILg,-mru-:-g.ﬂan 21 %, 15 - 40
|Munnc5rlen 7 % 4-12
|NE|utr::|ﬁaIE|‘| absoduut 4.3 10.E90 18-7.7
IEnsinuﬁel-en absoluut + 42 10.E91 0.0-0.5
|BEIED'rIE|EI'I absoluut 0.1 10.E91 0-0.2
|L:.'mfucy1&n absoluut 2.5 10.E91 1-4.8
|I'.Inn-:u:3rten absoluut 0.8 10.E891 0.0-0.8
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MRI Liver

Very non-specific presentation of alterations at the level of segments 7 and 8 of the liver. There are spontaneous intensities that are suggestive of protein-
rich fluid or remnants of limited bleeding or blood pooling. Difficult differential diagnosis of these nonspecific findings. The possibility of peliosis hepatis or

sequels of microbleeds with a regenerative conversion of the liver parenchyma and accompanying perfusion disorders. Underlying malignancy seems
unlikely.

Furthermore, we notice an alteration anterior of the liver parenchyma that best suits a semi-recent hematoma formation.

vb:(—
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MRI and CT
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PET-CT

Hypermetabolic non-delineation, rather infiltrative image, in
segments 7 and 8 of the liver. Pre-hepatically, there is a
hypermetabolic structure, not clear from which structure
emanates: pleura? liver capsule? added? Focal hypermetabolism
projecting onto a small intestine structure against the right
kidney just caudal to the pancreatic head, with no apparent
correlate. Still physiological? Elsewhere no pathological
hypermetabolic foci in the scanned area.

Next?



Aspiration and biopsy pre-hepatic structure

Cytology Biopsy

B Neutrophiles, necrotic and purulent B Muscle- and connective-tissue.
material, few RBC, iron pigment Several blood vessels. Discrete
deposition. No malignant cells. chronic inflammatory infiltrate. Iron

pigment deposition. One giant cell
with hematoidine pigment included:
old bleeding. No malignancy.

B Ziehl-Nielsen, Grocott, PAS: neg
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Further anamnesis

B 2-3 Years ago, raw watercress in Belgium. Never in Africa.
B In Rwanda raw ‘kapitein’ from lake Victoria

B Daughter Bilharziasis 7 y ago.
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Further testing?

B Stools: O/P neg
B PCR Fasciola on stool: negative

B Fasciola serology (ELI.H.A Distoma, indirect hemagglutination):
indetermined result

B What would you do?
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Further evolution

B Advised to give a trial treatment with: ...

M Triclabendazole 250 mg 1x3 tabs/d for 2 days.

B Response to treatment = diagnostic criteria for fascioliasis

B But: pain decreased and ultrasound of the liver normalized; eosinophilia normalized
(cave: had also had a steroid course)

B Nice ‘thinking exercise’
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Further evolution

B During physio: worm comes out of
the skin under the left breast

B Pain came back -- > physiotherapy ?// _
y
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Microscopy
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Microscopy

Your guess?
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Fasciolopsis (Fasciolopsis buski)

B Our worm more

Sporocysts  Rediae  Cercariae
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Fascrofopsrs busksr

(c) PWP ovary uterus (with eggs)

ventral sucker
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vitellaria Mehlis® gland

(by P W. Pappas and S.M . Wardrop)

Abdominal pain and diarrhea possible 1 or 2
months after infection

Heavy infections: obstruction, abdominal pain,
nausea, vomiting, and fever.



Paragonimus

B Most likely juvenile Medically Important flukes

stage: too big for

[ I SV Lung Intestinal Blood
Dicrocoelium or o e estir oo

Paragonimus ‘

Fasciola Paragommous | | Fasc;olops:s | | Schlstasoma
hepatica westermani buski mansoni

Fasciola | | Heterophyes | | Schistosoma
gigentica heterophyes heamatobium
-_—
|_| Schistosoma
Jjaponicum
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Dicrocoelium dendriticum

e bt

B In more intense infections, symptoms

may include cholecystitis, liver
abscesses, and generalized
gastrointestinal/abdominal distress.
Occasional cases involving flukes in
subcutaneous masses have been
reported

Parasites & Vectors 12, Article number: 342 (2019)

ercariae become
meatacercariae after
being eaten by an ant,

ercariae are released from
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pom e L by
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Gastrodiscoides hominis

B Too elongated for

Gastrodiscoides . .

B Mostly no symptoms
. Fasciolopsis  Artyfechinostomum) Gastrodiscoides Fasciola Opisthorchis
. D I a rr h e a feve r buski sufrartyfex \ hominis Yy, gigantica noverca
) )
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ODPDX Echinostomid Flukes
® 0 i { &3 A

ooyl e Metacercariae in
: i second intermediate
second intermediat| - @ host ingested by
definitive host.

Echinostoma
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o

B Too long, too wide

B No armed "collar" around

the oral suction cup 0 o

snail host

B Intestinal ulceration and
inflammation

Typical definitive hosts
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. Embryonated eggs in water
Infective stage
0 Unembroynated eggs

d Diagnostic stage 4 passed in feces
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Fasciola hepatica

B “Wider shoulders”:
anterior part wide and

becomes thinner towards
the back
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Fasciola gigantica

Fasciola sp. con

Fasciola hepatica Fasciola gigantica

Less prominent
&= shoulders,

- parallel
margins, larger
in size

cephalic cone, 2 shoulders,
converging margins,smaller
in size
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Figure 2. Macroscopy and microscopy of the emerged worm. Macro-
scopic dorsal view (a) and ventral view (b) showing a worm measuring
12 mm in length. Microscopic view (c) demonstrating parallel margins
lacking prominent shoulders with a pronounced cephalic cone (d),
suggestive of juvenile stage of Fasciola gigantica (adult F gigantica
measures on average 25-75 mm in length).

Incision site

Ph: Pharymx

G: Main Ceca Of The Gut

Sv: Seminal Vesicle

A: Acetabulum Or Ventral Sucker
U: Uterus Filled With Eggs

Figure 1: Location where eggs of the adult Fasciola gigantica were extracted
for positive control.



Quid skin penetration?

JourNar oF Cumicar Micromorocy, Feb, 2007, p. 648650 Vol 43, No. 2
00935-1137/07/308.00+0  doi:10.1128JCM.01151-06
Copyright © 2007, American Society for Microbiology. All Rights Reserved.

Molecular Confirmation that Fasciola gigantica Can Undertake
Aberrant Migrations in Human Hosts"

Thanh Hoa Le,’ Nguycn Van De.” Takeshi Agat'-:uma David Blair.** Jozef Vercruysse,”
Pierre Dorny,” Thanh Giang Thi Nguyen,' and Donald P. McManus®

Departrent of Immunology, Institute of Biotechnology, Hanoi, Viemam®; Faculy of Parasitology, Instinite of Malariology, Pammm'ﬂm arnd
Entomology, Hanoi, Vietnam®: Department of Environmental Health .Srrmrfs, Kochi Medical School, Kochi, Japar’; School of
Tropical Biology, James Coolk L'.rmf'.-:rrn' Tommsville, Q1D 4811, Australia®; Faculty of Veterinary Medicine, E'.rhm: L.ruufrsm
Ghent, Belgium®; and Queensland Institute of Medical Research, Brishane, QLD 4006, Australia®

Received 5 June 2006/Returned for modification 6 July 2006/ Accepted 9 October 2006
Two cases of aberrant migration by the liver fluke Fasciols gigantica in humans are reported. In both cases,

subadult worms emerged through the skin. The identity of the worms was confirmed from their DNA sequences.
This uncommon human pathogen might be more likely than F. hepatica to undertake aberrant migrations in
humans.
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Other extra-hepatic sites
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Ohter worms that might emerge through the skin?

B Paragonimus

B Gnathostoma

B Sparganosis

B Drancululus, Guinea worm

Sah, AITMH 2019; Sapp, THID 2019; Liu, Animals 2022; CDC PHIL 24



Molecular testing

1. DNA extraction on the worm

2. ITS-2 (Internally transcribed spacer 2) = ribosomal RNA gene
amplified with PCR

1. 550 bp amplicon identified as Fasciola spp

j

Fig. 1S: 3 gels showing the PCR results. Outer lanes:100-1000 bp DNA ladder, lanes 2:
worm sample

a. PCR for ITS-2: the 550 bp band of the sample indicates Fasciola spp. positivity!, the
positive controls are F. gigantica (Fg) (lane 3) and F. hepatica (Fh) (lane 4)

3. PCR product sent to BaseClear (www.baseclear.com) for sequencing
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http://www.baseclear.com/

Africa: F. gigantica dominant
More temperate regions North and South and at
higher altitude: F. hepatica and hybrids

Sequence results

TGCAAACTGCATACTGCTTTGAACATCGACATCTTGAACGCATATTGCGGCCATGGGTTAGCCTGTGGCCACG

CCTGTCCGAGGGTCGGCTTATAAACTATCACGACGCCCAAAAAGTCGTGGCTTGGGTTTTGCCAGCTGGCGTG
ATCTCCTCTATGAGTAATCATGTGAGGTGCCAGATCTATGGCGTTTCCCTAATGTATCCGGATGCACCCTTGTC

TTGGCAGAAAGCCGTGGTGAGGTGCAGTGGCGGAATCGTGGTTTAATAATCGGGTTGGTACTCAGTTGTCAG
TG TGT@GCGATC CCCTAGTCGGCACACTCATGATTTCTGGGATAATTCCATACCAGGCACGTTCCGTTACTG

TTACTTTGTCATTGGTTTGATGCTGAACTTGGTCATGTGTCTGATGCTATTTCATATAACGACGGTACCCTTCG

Fig. 2S: DNA amplicon sequencing result of the worm sample. T, C, T, T, -, A on positions
207,231, 270, 276, 324 and 334 of the ITS-2-region

B Corresponded best with F. gigantica (C, T, T, -, A on ggsitions 231, 270, 276, 324 and 334 of
the ITS-2-region). But the T nucleotide on positiochompatible with F. hepatica, hinting
to the possibility of a £ gigantica < F. hepatica hybrid. However, it has been shown there is
a marked geographical variation at this location for F. gigantica specimens, and thus the
ITS-2 PCR may not allow for the differentiation of pure specimens from hybrids.
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Table 2

F. hepatica vs gigantica : ITS-2

Comparison of nucleotides at six variable positions in the ITS-2 sequences of Fasciola spp. from different geo-
graphical locations

Species Geographical ~ Variable positions in ITS-2 sequence Reference -
ottem 207 231 270 276 324 334
E hepatica France T T C C T G Present study
Sichuan T T C C T G Present study
Australia T T C C T G Adlard et al. (1993)
Japan T T C C T G Itagaki and Tsutsumi (1998)
Uruguay T T C C T G Itagaki and Tsutsumi (1998)
Korea T T C C T G Agatsuma et al. (2000)
Hungary T T C C T G Adlard et al. (1993)
New Zealand I T C C T G Adlard et al. (1993)
Mexico T T C C T G Adlard et al. (1993)
FE gigantica  Guangxi C C T T A Present study
Japan C C | I — A Itagaki and Tsutsumi (1998)
Malaysia C C T T - A Adlard et al. (1993)
Indonesia C C T T - A Itagaki and Tsutsumi (1998)
Korea C C T T - A Agatsuma et al. (2000)
Fasciola sp.  Heilongjiang T TcC T CT T~  G/A  Present study
Korea Tc T/C «CT «CT T~ G/A  Agatsuma et al. (2000)




Table I. Comparison of nucleotides at 11 variable positions of the f751/2 marker of Fasciola samples collected from Chad, Céte d'Ivoire, and
Switzerland and sequences deposited in NCBI GenBank. Abbreviations: n/a, no sequence for this part. Y and W indicate heterozygous positions with

nucleotides C/T and A/T, respectively.

Thymine SNP at pos 791

Variable positions in [7T51/2 sequences

nf 18 108 202 280 300 791 815 B34 860 9117 918 Accession no
Fasciola hepatica Switze rland§ 1 C A C I C I 1 C C T G MEK321597-602
France 1 C A C I [ T T (s C T G JET08034
Spain 1 C A C T C T T C C T G JFT08036
Niger 5 C A C T C T T C C T G AMBS010T
. . — AMS003TO
5 5 5 - - - - Tunisia 1 C A C T [ T T (s C T G G(O231546
specimens and sequences retrieved from GenBank (Table I). It pusisia g A e T eI T EC T G Gau
. N . . . P Iran 1 C A C T C T T C C T G JF432072
revealed that 1 of the species determining variable sites, position Eeyn 7owhowa omhomwaoma T T € C TG ABSNG
Egypt 67 C A C T [ n/a mfa nfa nfa  nfa  nla  LOKTEI28-48
791 d bl o L f . - . d 2 — - - F = * LO076150-52
. proved problematic for species determination in F. gigantica. Lov7eissse
Saudi Arabia 1 C A C I C nfa nfa nfa nfa nfa nfa HE2T
3 = 3 LA 3 3 o China 1 C A C rc r T C cC T G JF708026
While this site seems to be “T7 consistently in F. hepatica e A R A A i
. . . . - - Fasciola gigantica  Niger 13 I I I A I C C T T A AM9003T1
= - = B « 5 . ¥ yre h e ll ﬂ k a AMBS50108
speclimens, 1t dppears Lo vary geograpnically in F. giganiica 1ukKes. Chads w T T T A T T ¢ T 71 A MK 1605643
Ivory Coast§ 15 ! T ! A T 11 C T T A MEK321603-643
Burkina Faso# 1 I I I A I 117 C T T A AJB53848
Kenya 1 T T T A T nfa nfa nfa nfa njfa nfa EF612472
Kenya 1 nfa nfa nfa na na T C T T A EF612484
Mauritania 2 ! T ! A T 11 C T T A HQI197358, HQ197359
] ] Zambia 6| I I I A I nfa mnfa nfa nfa njfa nfa  AB207142
. Afrl cam Ostl Th mine Zambia 6 ma na ma wa na T C T T A ABOIYTS
L] y y Iran 1 T T T A T (11 C T T A JNB28933
Egypt 1 ! T ! A T 11 C T T n/a  KF425321
Egypt 9 nfa nfa nfa na nfa T C T T A AB333694-702
- - Saudi Arabia 1 T T T A T nfa nla nfa nfa nfa na HETY
. Indonesia 1 T T T A T nfa nfa nfa nfa nfa nfa  ABTI43
. AS I a . Cyto S I n e Thailand 1 T T T A T nfa nfa na nfa nfa na AB20TIH
Indonesia: Thailand 1 nja nfa nfa na nfa C C T T A AB20T140
China 3 T T T A T c C T T A JF496709, JF496714
KF343340
Japan 1 I I I A I nfa nfa nfa nfa nfa n/a  AB20T140
Japan 2 nfa nfa nfa nfa nfa & C T T A AB207151, AB207152
Journal of Parasitology 2020 106(2) 316-322 Vietnam ! na na na o2 pp €& C T T A EU2606I
© American Society of Parasitologists 2020 South Korea ! nja nfa  mnja nfa nfa c C. _I_ _I_ . A HO821455
India 1 nja nfa nfa na nfa € C T T G A KIT20004
Fasciola hybrids China 1 nfa nfa nfa na nfa T T (s C T G AJ557570 clone |
Published 24 April 2020 China 1 nfa nfa nfa na nfa r C T T A AJ557571 clone 11
. . . f China 1 ¥ w ¥ w Y nfa nfa nfa nfa n/a nfa  AJG28428
Contents and archives available through www.bioone.org or www.jstor.org Esypt 2 C A C T C na ma n/a nfa  nfa na  LODTEI40 LCOTIS
Egypt 2 Y W Y W Y nfa nfa nfa nfa nja nfa  AB333691, AB5353692
- Egypt 1 nfa nfa nfa nfa nfa T Y Y Y T R AB333737
JOurnal Of Parasltology Egypt 1 nfa nfa nfa nfa nfa I Y Y Y R AB353738
Saudi Arabia 1 C A T A A nfa  mfa nfa nfa  nfa  nla HEYTITS
. . . - Japan 1 Y w Y W Y nfa nfa nfa nfa n/a nfa  AB207147
DOI: 10.1645/19-66 el et S e PR S e Japan 1l nfa nfa nfa wa na Y Y Y Y T R AB207153
South Korea 7 ¥ w ¥ w Y nfa nfa nfa nfa nfa nfa  AB211237
Chad§ 1 Y W Y W Y T Y Y Y /T R MEK321644-645

* Origin as reported in GenBank.

MOLECULAR CONFIRMATION OF A FASCIOLA GIGANTICA x FASCIOLA HEPATICA } Namber of sumples investgate.
HYBRID IN A CHADIAN BOVINE e o s

One entry in GenBank, but appears to be consensus sequence from numerous specimens from the publication.
# Site 791 for this specimen is reported as “C” in Liu et al. (2014), but as *T

*in Amor et al. (2011a,b), it is reported as “T"

in GenBank.



B Africa: F. gigantica dominant

Quid hybrid?

hepatica and hybrids

Experimentally confirmed

Hybride 1st
generation:
heterozygote
profile for all
SNP’s
expected

Interspecific hybridization Introgression
Repeated
back
~Crossing

Fasciola hybrid F. gigantica

But was
clearly
homozygote

Introgression of F. hepatica alleles
into the genome of F. gigantica

Detection: SNP/single loci analysis
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Hypothetical (outstanding questions & experiments)

Adaptive introgression

Parental generation

Detection: Multi-loci or whole genome analysis
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Selection pressure:

- drug resistance
- wirulence

- host adaptation
- etc.

Trends in
Parasitology

Fasciola Species Introgres

B More temperate regions North and South and at higher altitude: F.

Hybride of’)

further
generation? By
crossing back
(of the hybrid)
with F.
gigantica,
certain SNPs of
the hepatic
genome could
have been
preserved by
introgression

¢ CelPress .

sion: Just a Fluke or

Something More?




ITS (internal transcribed spacer) / \

: 7
—» 700 - 900 bp 7 AdIT—“

ITS1
NTS NTS trnL trnF
—> ~450 b
L L 18s |, [ |l 28S | [T 8s T . Il 285 | e 450bp —
ETS \5,88 / ETS 5.85 /
ITS ITS

B ITS1 is a spacer DNA located between 18S and 5.8S rRNA
genes in eukaryotes, while ITS2 is a spacer DNA located
between 5.8S and 28S rRNA genes in eukaryotes
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Definite species determination

B Multiplex PCR for phosphoenolpyruvate
carboxykinase genes (pepck) and a PCR-
Restriction Fragment Length
Polymorphism (RFLP) for DNA
polymerase delta (pold), both nuclear
genes

B Band patterns for both pepck and pold
were compatible with F. gigantica,
definitively excluding the possibility of
hybridization with F. hepatica

Contents ksts availabls 8t ScenceDirect

Parasitology International

;(?n‘.‘.‘.‘i“i‘:'.‘.
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}I'VIuItirpIex PCR for |

pepck: the 509 bp band
of the sample is specific

for Fg, the Fg and Fh

controls show a band of

509 and 241 bp
respectively (lanes 3
and 4)

X

¥ & 8§88l

¥ & B 8Ba%k;

PCR-RFLP for pold,
the 544 and 164 bp
bands of the
sample are specific
for Fg, the positive
control is Fg (the
164 bp band not
visible); a Fh
control shows a Fh
specific 708 bp

o



B Sympatry is the occurrence of different types of organisms or populations in the same
area.

B Introgression is the gene flow of genes from the gene pool of one species to that of
another species by repeated recrossing of an interspecific mongrel with one of its
parent species.

B Introgression is a form of hybridization, but hybridization is usually used when two
whole haploid genomes come together in an offspring (which then has 50% of its
genetic material from one parent and 50% from the other parent). Introgression is
when it comes to certain genes or phenotypes that end up in another genome
through natural or intended crossbreeding.
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Clinical Pearls

Juvenile Fasciola gigantica emerging through the skin

in a returning traveller
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Key words: Fasciola, Fasciola gigantica, ectopic migration, liver lesions, skin emergence

Case presentation

An asymptomatic 73-year-old Belgian woman, with a history of
cholecystectomy and colon cancer in remission & years carlier,
was found with a high cosinophil count (3890/ul; 40% of the
total leucocytes) during a check-up, 3 months after rescttlement
in Belgium. The patient lived in Rwanda, Burundi, Ivory Coast
and Rwanda again for 9, 7, 2 and 22 years, successively. During
the subsequent workup, liver imaging (Figure 1) showed multiple
hypermetabolic nodular liver lesions predominantly in the right
liver lobe and a hypermetabolic structure between the liver and
abdominal wall. A biopsy of the pre-hepatic structure demon-
strated a chronic inflammatory infiltrate without cosinophils

Figure 1. MRI and PET-CT of the liver. {a} MRI of the liver with intra-
venous gadolinium showed T1 intensities with heterogeneous contrast
uptake in segments 7 and 8 and an elongated heterogeneous zona
anterior of the liver with T1 hyperintensities. (b) PET-CT describad a
hypermetabolic diffuse infiltration in segments 7 and 8 and a pre-
hepatic hypermetabolic structure.



https://doi.org/10.1093/jtm/taad033

Gourmet liver sandwich... would you like flukes with that?!
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