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Ø Due to the impact of climate and global changes, the assessment of
prevalences, intensities and geographical distribution of trematodiases has
become a priority in public health
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Fascioliasis is a severe zoonotic disease caused by
two trematode species
Fasciola hepatica and F. gigantica,
infecting the liver of a wide range of mammals, 
including humans

Fasciola
gigantica
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• Incubation phase of a few days to several months (from the ingestion of 
metacercariae to the appearance of the first symptoms);

• Invasive or acute phase of 2–4 months (fluke migration up to the bile ducts);

• Latent phase of days or years (maturation of the parasites and starting of 
oviposition); 

• Biliary or chronic phase, also called obstructive phase, which may develop after 
months to years of infection

In human fascioliasis, four clinical periods may be distinguished: 
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q Cases cited in 84 countries on 5 continents

q In human endemic areas, the most affected are children between 5-15 
years of age and preferably the female gender, both in prevalence and 
intensity

q There are areas on the different continents with the characteristics of true 
human endemic areas ranging from human hypo-, meso- to 
hyperendemic

q In hyperendemic communities, the prevalence goes from 80% in children to 
40% in adults, remaining at this level until old age.

qFascioliasis presents an estimate of up to 17 million people parasitized
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� Human fascioliasis has proved to be an emerging health problem in the last
decades, with numerous human fascioliasis endemic areas, including up to
very high prevalences and intensities, in countries of the Americas, Europe,
Africa and Asia

COMPLEXITY IN TRANSMISSION AND EPIDEMIOLOGIC HETEROGENEITY

HUMAN FASCIOLIASIS SCENARIO

90 years: description of 
isolate cases

Complex human endemic
areas



90 years: description of 
isolate cases

Complex human endemic
areas
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� Large focal zones of human disease show different transmission patterns and
epidemiological characteristics:

u Andean Countries Pattern: hyperendemics with high prevalences and
intensities at high altitude (e.g. in the Altiplanic areas of Bolivia and Peru,
the Andean valleys in Peru)

u Caribbean or Central American pattern: permanent human hypoendemic
and repeated outbreaks over the years (e.g.: Cuba)

u Middle East pattern: permanent human hypoendemic and major
epidemics of thousands of people (5,000, 10,000) (e.g.: Iran, eastern
Turkey, Georgia, etc.)

u South-East Asian pattern: emerging focus, disease essentially in adults
throughout the country restricted to lowlands (more than 3,800 cases in
2006; 2 in 20th century) (e.g.: Vietnam)

SCENARIO OF HUMAN FASCIOLIASIS

u North African pattern: human hyperendemic with high prevalences and
intensities and seasonality in lowlands (e.g.: the Nile Delta in Egypt )
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High 
pathogenicity

Invasive or 
acute phase

Chronic 
phase 

Epidemiological 
factors mainly 
used to assess 

the health 
problem in a 

human endemic 
area 

Prevalence and 
intensity 

Neurological, 
meningeal, 

neuropsychic and 
ocular manifestations 

Adult fluke number has 
proved to be related to 

pathogenicity and clinical 
manifestations

HUMAN  FASCIOLIASISThe higher 
the number 

of flukes 
present, the 
more severe 
the morbidity 



Fasciola hepatica and F. gigantica morphology

üF. hepatica is leaf shaped, 18-32 

mm long and 7 to 14 mm wide. 

üF. gigantica has a morphology similar to F. hepatica, but 

it is larger, measuring 24 to 76 mm by 5 to 13 mm (there 

are F. gigantica strains with smaller body dimensions).

DPUV

The intensity or infection burden in a 
disease caused by parasites of large 

body size, such as fasciolids, is crucial
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CHRONICITY AND REINFECTION

q In hyperendemic areas, infected individuals present a great risk of
reinfection, given the great environmental contamination with metacercariae

q There are few studies on reinfection in human Fascioliasis

. q Chronicity is the norm in hyperendemic areas of human fascioliasis



Opposite to serological and coproantigen techniques, direct 
coprological assays have the added value of enabling burden 
quantification by eggs per gram of faeces (epg) counts. 
Therefore, epg is the only measure used to assess 
q the burden indirectly
q intensity related pathogenicity
q post-treatment colic risk
q Epg counts may provide valuable information about families at

risk, as well as the status of infection risk in the field around
given localities and is thus useful for prevention and control

DIAGNOSTIC TECHNIQUES

Ø DIRECT COPROLOGICAL ASSAYS
Ø IMMUNOLOGICAL ANALYSIS (ELISA COPROANTIGEN, 

SEROLOGICAL)
Ø MOLECULAR TEST (PCR)



DIRECT COPROLOGICAL ASSAYS :
Kato–Katz technique, a common diagnostic tool for human helminth 
infections that allows the quantification of the number of helminth eggs
per gram of feces.

DIAGNOSTIC TECHNIQUES



Patients presenting massive infections suffer the risk of a hepatic 
colic after treatment as the consequence of biliary canal obstruction 
due to the accumulation of such big-sized helminths (WHO, 2007).

https://www.sciencedirect.com/science/article/pii/S0001706X19317486?via%3Dihub


Ø Determining a patient's parasitic burden is crucial, as
drug treatment has to be monitored in order to prevent a
hepatic colic. A threshold of 300 eggs per g of feces (epg)
was established to decide for a mid-dose to prevent colic
risk in massively infected subjects (WHO, 2007)

Ø For the prevention of a potential post-treatment colic,
hospitalization allowing for the patient's follow-up is
recommended
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For example, a pilot study conducted in Bolivia should be mentioned to test the
safety and efficacy of TRICLABENDAZOL prior to a large-scale distribution of
triclabendazole in endemic areas without individual diagnosis
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NORTHEN BOLIVIAN ALTIPLANO-HUACULLANI



Ø In spite of the importance of Fasciola egg quantification as a
biomarker, the evidence concerning the effect of reinfection in
chronic fascioliasis on epg is scarce

Ø There are very few data available on egg shedding and the
immune response in the advanced chronic phase in primary
and secondary infections



To address the relationship between immunological status and epg in
primary and secondary infection rat groups, the following aspects were
analyzed:

Ø serical IgG1 levels and epg in a longitudinal study (0-20 weeks p.i.)
Ø the profile of the genes associated with Th1 (Ifng, Il12a, Il12b,
Nos2), Th2 (Il4, Arg1),Treg (Foxp3, Il10, Tgfb, Ebi3,), and Th17 (Il17) in
the spleen and thymus and epg, in a cross-sectional study (20 weeks
p.i.).

The spleen and thymus of the Wistar rats were chosen as primary and
secondary lymphoid organs where the immunological responses take
place and different types of Tregs develop.

This is the first study on the relationship between the immunological
host status and epg measured by the Kato–Katz technique, a
common diagnostic tool for human helminth infections.



Cajamarca, Peru

A F. hepatica isolate and lymnaeid snail vectors (Galba truncatula) from a 
human fascioliasis endemic area were used

DPUV

2.1. Parasite and vector material



Experimental design

WISTAR RAT MODEL

Fasciolids life cycle

All animal research was performed with the approval of the Committee for the Evaluation of Projects
concerning Animal Research at University of Valencia (A1263915389140 and 2015/VSC/PEA/00001
tipo 2), strictly following the institution's guidelines based on Directive 2010/63/EU.

2.2. Infection procedures



. 

Three selected time-points was analyzed:

Ø at 4 weeks p.i. (R4), when adult flukes 
migrate through the liver parenchyma

Ø at 8 weeks p.i. (R8), when adult flukes 
begin to enter the bile duct

Ø at  12 weeks p.i. (R12), coinciding with 
the beginning of the chronic phase

The experimental design used
reproduces the usual
reinfection/chronicity conditions in
human endemic areas)



Experiment 1: primary infected rats (PI-1) received a single infective dose (10
rats); reinfected rats (R): received a primary infection and subsequently a
secondary infection, at 4 weeks after primary infection (R4) (10 rats); control
rats (NI-1) (10 rats).
End of Experiment 1: 10 weeks after initiation of the experiment

Experimental Design



Experiment 2: i) a non-infected group (NI-2) (16 rats); ii) a group of primary infected
rats that received a single infection dose (PI-2) (12 rats); iii) primary infected rats
subsequently reinfected at 8 weeks (R8) (14 rats); and iv) primary infected rats
subsequently reinfected at 12 weeks p.i. (R12) (16 rats)
End of Experiment 2: 20 weeks after initiation of the experiment



CIAS
Computer Image
Analysis System

MORPHOMETRIC 
TECHNIQUES

BIOLOGY

HEMATOLOGICAL 
TECHNIQUES

IMMUNOLOGICAL 
TECHNIQUES

Statistical Teechniques
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COPROLOGICAL 
TECHNIQUES

F.hepatica
/Wistar rat
model

2.3. Methods and techniques



Thymus

IgG1 ELISA on a biweekly basis between 0-20 w.p.i.

Spleen cell
proliferation in 
response to mitogens

Quantitative
RT-PCR
gene expression

ConA and LPS

Th1: Ifng, Il12, Nos2
Th2: Il4, Arg1 
Treg: Foxp3, Il10, Tgfb, Ebi3
Th17: Il17

Feces Kato-Katz

Blood
samples

Haematological parameters-automatic blood
analyzer

Serum
samples

Spleen

Parasite
samples

Morphometric measurement techniques

Spleen

METHODS AND TECHNIQUES



2.8. Statistical analyses
� Egg counts were considered after converting individual values to
logarithms (log e) with the (n + 1) transformation ln(epg+1)
(Valero et al., 2008). Furthermore, individual trematode egg
shedding (epg/worm) was considered after converting individual
values to logarithms (log e) with the (n + 1) transformation
ln((epg/worm)+1).

https://www.sciencedirect.com/science/article/pii/S0001706X19317486?via%3Dihub
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In experiment 1, no differences were detected when the
average epg/worm from the PI and R4 groups at 6, 7 and 8
weeks p.i. were compared. Nevertheless, the small sample
size analyzed has to be taken into account.

Weeks post-infection

3.2. Egg shedding capacity in infected/reinfected groups



In experiment 2, differences in the average epg/worm were detected
between the PI-2 and R8 groups, at 12 weeks p.i. (U = 165; p = 0.035).
Differences in the average epg/worm were detected between the PI-2
and R12 groups, at 16 and 20 weeks p.i. (U = 28.5; p = 0.042, U = 165;
p = 0.035, respectively)

Weeks post-infection



Summing up, the kinetics of epg and epg/worm of PI-2, R8 and R12 is
different, showing transiently higher averages of egg emission in
reinfected groups when compared to the primo-infected group in the
short term, i.e. at least in the weeks following reinfection analyzed

Weeks post-infection
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fluke burden and epg
PI-2: r = 0.927, p = 0.001
R8: r = 0.635, p = 0.036;
R12: r = 0.895, p = 0.001

fluke burden and epg/worm * 
PI-2 group (r = 0.528, p = 0.017)

BA and epg* 
PI: r = 0.964, p = 0.001; 
R8: r = 0.619, p = 0.004; 

R12: r = 0.873, p = 0.002)

(BA/worm) and epg
(PI-2: r = 0.836, p = 0.005; 
R8: r = 0.790, p = 0.004; 

R12: r = 0.764, p = 0.017).

in all groups: positive 
correlation 

statistically significant 
positive correlation only in 

the PI-2 group

*Non-parametric Spearman's correlations

CORRELATION EPG / PARASITE BURDEN/ PARASITE SIZE



3.3. Egg shedding and immunoglobulin levels

Comparison of the kinetics of IgG1 between primo-infected and reinfected
groups in experiment 2. A) Effect of liver fluke infection on immunoglobulin
(Ig) IgG1 levels in primo-infected rats (PI-2), and reinfected rats (R8) and
(R12) versus control negative rats (NI-2) using a biweekly period. Circles
and bars represent mean + SE values. OD, optical density. ** Statistically
significant differences vs PI (P<0.05, Mann-Whitney non-parametric test)
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3.3. Egg shedding and immunoglobulin levels

Comparison of the kinetics of IgG1 between primo-infected and reinfected
groups in experiment 2. A) Effect of liver fluke infection on immunoglobulin
(Ig) IgG1 levels in primo-infected rats (PI-2), and reinfected rats (R8) and
(R12) versus control negative rats (NI-2) using a biweekly period. Circles
and bars represent mean + SE values. OD, optical density. ** Statistically
significant differences vs PI (P<0.05, Mann-Whitney non-parametric test)



3.3. Egg shedding and immunoglobulin levels

Summing up, in relation to the kinetics of IgG1 levels, reinfected
groups followed a similar pattern as the primo-infected group, but
with transiently higher averages of IgG1 levels in reinfected groups
when compared to the primo-infected group in the short term, i.e. in
the two weeks following reinfection analyzed
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IgG1 and epg
PI-2: r = 0.510, p = 0.037

IgG1 at 20 wpi and BA/worm 
PI: r = 0.766, p = 0.016; 
R8: r = 0.930, p = 0.001; 
R12: r = 0.794, p = 0.006

PI-2: positive correlations 
between IgG1 levels and 

epg were detected

All groups: positive 
correlations between 
IgG1 levels and liver 

fluke development were 
detected

In experiment 2, the correlation between IgG1 levels in each infected rat at 20 
weeks p.i. and the epg average at 8, 12, 16, and 20 weeks p.i. was calculated 
considering each rat group independently

*Non-parametric Spearman's correlations

CORRELATION IgG1 / EPG AVERAGE
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Primo-infections F. hepatica/Wistar

q Acute phase: Th2/Treg response
qThe advanced chronic phase in primo-infections is typically
characterized by restoring Th2 cytokines to basal levels but also by
immunosuppression of spleen mononuclear cell proliferation

PREVIOUS KNOWLEDGE



The aim of this study was to ascertain the immune response 
induced by reinfection during the chronic phase
of F. hepatica infection by analyzing the immune profile through
the gene expression of :

3.4. Primoinfection, reinfection and cytokine levels

vTh1: Ifng, Nos2, Il12a y Il12b

vTh2: Il4, Arg1

vTh17: Il17

vTreg: Il10, Tgfb, Foxp3, Ebi3

in the spleen and the thymus. 
The immune response in advanced chronic fascioliasis was
analyzed at 20 weeks



Effect of Fasciola hepatica reinfection on the Il4 and Arg1
expression from the spleen and thymus

Depending on whether adult flukes are well established in the
bile duct of primary infected rats or not, reinfection generates a
strong or a mild immune response, respectively.
Thus, in animals with established F. hepatica infection a huge
increase in the immune response takes place, which is a mixed
Th2/Treg associated gene expression together
with Ifng expression



Effect of Fasciola hepatica reinfection on the Foxp3, Il10, 
Tgfb and Ebi3 expression from the spleen and thymus

Depending on whether adult flukes are well established in the
bile duct of primary infected rats or not, reinfection generates a
strong or a mild immune response, respectively.
Thus, in animals with established F. hepatica infection a huge
increase in the immune response takes place, which is a mixed
Th2/Treg associated gene expression together
with Ifng expression.



Effect of Fasciola hepatica reinfection on the Ifng and Nos2
expression from the spleen and thymus

Depending on whether adult flukes are well established in the
bile duct of primary infected rats or not, reinfection generates a
strong or a mild immune response, respectively.
Thus, in animals with established F. hepatica infection a huge
increase in the immune response takes place, which is a mixed
Th2/Treg associated gene expression together
with Ifng expression.



Effect of Fasciola hepatica reinfection on the Il17
expression from the spleen and thymus



Effect of Fasciola hepatica reinfection on spleen cell 
proliferation in response to mitogens

Ø Immune suppression is
maintained from primo-infection
to chronic infection, and also in
reinfection. The systemic
immune response is different in
each group, suggesting that
suppression is mediated by
different mechanisms in each
case.

Ø Immune suppression could be
due to the parasite in PI and R8
rats and to the induction of
suppressive cells such as Treg
and AAMφ in R12 rats.



Ø Summing up, the results revealed that reinfection
reactivated the Th2 responses when compared to
PI rats.

Ø In addition, we found, for the first time, that reinfection
also stimulated Th1, Treg and Th17 responses



� Pathogenicity and systemic cytokine expression levels

� Rat body weight, RBC, HGB, HCT, MCV, MCH, MCHC, RDW-SD,
RWD-CV and EOS% in each rat group (NI, PI, R8 and R12) are
calculated at the end of the experiment.

� Anemia was defined on the basis of the hemoglobin cut-off values
of hemoglobin mean–S.D. of the control rats.



Rat body weight and hematological parameters in each rat 
group at the end of the experiment



Pathogenicity and systemic cytokine expression levels

o an increase in the percentage of the number of 
anemia cases was observed in the R8 group vs NI

o the rat body weight in R8 rats was lower than in 
negative control rats (NI)

Effect of Fasciola hepatica reinfection on anemia and rat body weight



Pathogenicity and systemic cytokine expression levels
B) Factor map corresponding to splenic
cytokine profiles from experimentally
infected Wistar rats including fluke burden.
Samples are projected onto the first (PCI,
86%) and second (PCII, 5%) principal
components. Each group is represented
by its perimeter.

C) Factor map corresponding to clinical
phenotypes from experimentally infected
Wistar rats. Clinical phenotypes are
defined by fluke burden, rat body weight,
RBC, HGB, HCT, MCV, MCH, MCHC,
RDW-SD, RWD-CV and EOS% detected
in each rat group (NI, PI, R8 and R12).
Samples are projected onto the first (PCI:
84%) and second (PCII: 11%) principal
components.



WHAT does this mean?

a) Systemic Ifng expression levels
b) Not Treg-associated gene expression
c) Lower body weight, lower HGB à Higher morbidity

Two phenotypic patterns were detected in REINFECTION:

Pattern 1

Pattern 2

a) Systemic Ifng expression levels
b) Increased Treg-associated gene expression
c) Less severe decrease of body weight-HGB à Lower

morbidity
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When considering all rat groups 
together, the splenic results 
showed a positive correlation 
between epg and Il10
(r = 0.512, p = 0.018) 
The thymic results showed a 
positive correlation between 
epg and Ifng (r = 0.672, 
p = 0.003) and Il10 (r = 0.534, 
p = 0.013)

3.4. Egg shedding and cytokine levels

Eventhough mRNA expression is not
always an indication of cytokine
production and may only represent a
potential cytokine production, these
results are suggestive of egg shedding
being dependent on the Th1 and Treg
phenotype
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Timo: Ifng inducido tras la reinfección

q Our results suggest, for the first time, that host immune responses
modulate F. hepatica fecundity

q Furthermore, our results indicate that a short-term increase of
epg/worm is present in F. hepatica reinfection.

q Egg fecundity is associated with systemic Il10 and thymic Ifng and
Il10 expression levels.

IN SUMMARY
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Timo: Ifng inducido tras la reinfección

q Very high epg counts are found in infants and schoolchildren in
several human fascioliasis endemic areas, e.g., in the Altiplanic
areas of Bolivia and Peru, the Andean valleys in Peru and in the Nile
Delta in Egypt

CONCLUSSIONS

F. hepatica

F. hepatica and F. gigantica

DPUV

Andean valleys in 
Peru

Altiplanic areas
of Bolivia and 

Peru
The Nile Delta 

in Egypt

Georgia
Iran

Vietnam

q In all these human hyperendemic areas, fascioliasis transmission
shows a patchy distribution linked to freshwater water bodies
inhabited by lymnaeid snail vectors. Thus, prevalences in localities
correlate with the distance to the closest transmission focus, i.e. the
higher the prevalences the shorter that distance
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Timo: Ifng inducido tras la reinfección

q Consequently, it can be concluded that the likelihood of
reinfection in individuals living near those transmission foci is
higher, and the probability of increased epg counts is also
higher if our experimental results are extrapolated

q Therefore, subjects with high epg counts should be the main
targets for diagnosis and treatment not only because of the
pathogenicity of the higher burden due to reinfection, but also
in control initiatives to achieve a fast impact by deworming
subjects with the highest egg shedding and to decrease the
ensuing environmental contamination with parasite eggs shed
in human feces

CONCLUSSIONS
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Fasciola hepatica reinfection potentiates a
mixed Th1/Th2/Th17/Treg response and
correlates with the clinical phenotypes of
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Abstract

Background

Fascioliasis is a severe zoonotic disease of worldwide extension caused by liver flukes. In

human fascioliasis hyperendemic areas, reinfection and chronicity are the norm and anemia

is the main sign. Herein, the profile of the Th1/Th2/Th17/Treg expression levels is analyzed

after reinfection, correlating them with their corresponding hematological biomarkers of

morbidity.

Methodology/Principal findings

The experimental design reproduces the usual reinfection/chronicity conditions in human

fascioliasis endemic areas and included Fasciola hepatica primo-infected Wistar rats (PI)

and rats reinfected at 8 weeks (R8), and at 12 weeks (R12), and negative control rats. In a

cross-sectional study, the expression of the genes associated with Th1 (Ifng, Il12a, Il12b,

Nos2), Th2 (Il4, Arg1), Treg (Foxp3, Il10, Tgfb, Ebi3), and Th17 (Il17) in the spleen and

thymus was analyzed. After 20 weeks of primary infection, PI did not present significant

changes in the expression of those genes when compared to non-infected rats (NI), but an

increase of Il4, Arg1 and Ifng mRNA in the spleen was observed in R12, suggesting the exis-

tence of an active mixed Th1/Th2 systemic immune response in reinfection. Foxp3, Il10,

Tgfb and Ebi3 levels increased in the spleen in R12 when compared to NI and PI, indicating

that the Treg gene expression levels are potentiated in chronic phase reinfection. Il17 gene

expression levels in R12 in the spleen increased when compared to NI, PI and R8. Gene

expression levels of Il10 in the thymus increased when compared to NI and PI in R12. Ifng

expression levels in the thymus increased in all reinfected rats, but not in PI. The clinical

phenotype was determined by the fluke burden, the rat body weight and the hemogram.

Multivariate mathematical models were built to describe the Th1/Th2/Th17/Treg expression

PLOS ONE | https://doi.org/10.1371/journal.pone.0173456 March 31, 2017 1 / 23
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