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Abstract: Fasciola hepatica is a trematode parasite distributed worldwide. It is known to cause disease in mammals, producing 
significant economic loses to livestock industry and burden to human health. After ingestion, the parasites migrate through the liver 
and mature in the bile ducts. A better understanding of the parasite’s immunopathogenesis would help to develop efficacious 
therapeutics and vaccines. Currently, much of our knowledge comes from in vitro and in vivo studies in animal models. Relatively 
little is known about the host-parasite interactions in humans. Here, we provide a narrative review of what is currently know about the 
pathogenesis and host immune responses to F. hepatica summarizing the evidence available from the multiple hosts that this parasite 
infects. 
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Introduction
Fasciola hepatica and Fasciola gigantica are foodborne trematodes that infect a wide range of mammals including 
human, livestock, and wild animals. Fascioliasis has been reported in all inhabited continents, but the host range varies 
geographically and according to income and development.1 Fasciola infection causes economic losses exceeding 
3 billion US Dollars a year in the livestock industry and severely affects production and income among small farmers 
in resource poor countries.1–3 F. hepatica causes acute and chronic symptoms in human and is associated with weight 
loss, stunting, and anemia in children.4,5 In addition, infections have been associated with liver hematomas, abscesses, 
cholangitis, and fibrosis with Fasciola likely contributing to the burden of chronic liver disease in endemic areas.6–8

Fasciola has a complex life cycle that includes infection of snails where asexual reproduction and amplification of the 
infecting stages occur and infection of mammals (the definitive hosts) where sexual reproduction occurs. F. hepatica has 
adapted to the widest host range of all foodborne trematodes infecting human, ruminants, equids, lagomorphs, macro
pods, and rodents. There are over 30 Lymnaeid snail species that can be infected naturally or in vitro.9 Some snail species 
have adapted to harsh conditions such as the high altitude of the South American Andes Mountain range.10

The host-parasite interface in fascioliasis is complex and incompletely understood. Current understanding stems from 
studies in animal models but few studies in humans.4,5 The parasite has developed mechanisms to escape the host’s 
responses during the different phases of the infection.4 The invasive phase of Fasciola sp. infection starts when 
metacercariae release the juvenile parasites in the duodenum of the definitive host. These juveniles penetrate the 
intestinal wall and migrate through the liver tissues for several weeks until reaching the biliary tree. The biliary phase 
starts with the invasion of the biliary tree and the establishment of a chronic infection by mature parasites.1,6,7 The tissue 
damage in fascioliasis may be mediated by the action of proteolytic enzymes excreted by the parasites, the immune 
responses to the parasites excretory/secretory products and tegument, and the mechanical action of the parasites in the 
tissue. In this manuscript we review the current knowledge on the pathogenesis of Fasciola infection including the 
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immune responses and pathogenic processes describe in different hosts with emphasis on human. Fasciola will refer to 
F. hepatica unless indicated otherwise in the text.

Immunopathogenesis
Fascioliasis has two distinct clinical and diagnostic phases: the acute phase in which the fluke larvae migrate from the 
intestines through the liver parenchyma and the chronic phase in which the adults establish the infection in the bile ducts 
where they produce eggs (Figure 1). 11

Acute Phase
Humans and animals acquire the infection via ingestion of metacercariae either through contaminated water or leafy 
plants growing in contact with water. The metacercariae are activated in the duodenum by CO2, temperature, bile salts, 
and reducing conditions.12,13 In vitro studies have demonstrated that increased temperature has a significant impact on the 
invasive capability and glycogen metabolism of metacercariae.13 The activated metacercariae excyst releasing newly 
excysted juveniles (NEJ). The NEJ attach to the gut via surface glycans and penetrate the intestinal epithelium with the 
aid of secreted cysteine proteases.5,12 This intestinal penetration is not thought to cause clinical disease. In lambs, 
intestinal penetration occurs within 72 hours post infection.14 In Wistar rats, experimental studies demonstrated a rapid 
intestinal penetration within 6 hours associated with little inflammation.15 Similarly, in Malaguena goats no inflammatory 
responses were noticed in the intestinal wall.16 The permeability of the intestinal barrier changes after reinfection. Ex 
vivo studies with Wistar rat intestines demonstrated infiltrates of eosinophils in the intestinal mucosa causing partial 
protection to subsequent reinfection.17 Rodent models have demonstrated protection via eosinophil-mediated responses 
involving IgG antibodies in the gastrointestinal tract. In Wistar rats immunized for Fasciola and rechallenged with 
metacercariae, NEJs were coated by IgG1 and IgG2 antibodies, mast cells, and eosinophils.15 Likewise, in Simmental 
and Red Holstein bulls, a high density of mastocytes and eosinophils were found in biopsies of small intestines and their 
numbers increased after each reinfection.18

After penetrating the intestine wall, the NEJs migrate through the peritoneum and invade through the liver capsule. 
Upon entry to the peritoneum, the host begins to respond to the invasive larvae, setting up a struggle between the host 

Figure 1 Immune response to fascioliasis depending on the phase of the infection. (Illustration created with BioRender.com).4,12
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and the parasite.19 The NEJs tegumental surface that sloughs off and the excretory and secretory antigens (ES) modulate 
the host response.5 In vitro experiments using serum from sheep and rats, demonstrated that sloughed antigens of the 
Fasciola tegument decreased as the flukes matures. The ES are released from the parasite intestine, excretory pores, and 
tegumental surface and are the primary mediators of host evasion (Figure 2). The secretome analysis of newly excysted 
juveniles demonstrates expression of proteins related to the host parasite interactions such as cathepsin L, cathepsin B, 
cystatin −1, and thioredoxin.12 Thioredoxin is one of the most abundant proteins in the secretome, which protects the 
parasite against reactive oxygen and nitrogen generated by the host phagocytes.13,20 Other important proteins expressed 
include antioxidants such as fatty acid binding proteins (FABP) and glutathione S transferases (GST).21 FABP reduces 
the production of pro-inflammatory cytokines and aids in the activation of M2 macrophages.22 Helminth defense 
molecules (FhHDM-1) inhibit inflammation by blocking lysosomal acidification and antigen presentation.23,24 Further 
studies demonstrated heme-binding characteristics with potential role in nutrient acquisition.25

The glycocalix tegumental coat (FhTeg) protects the parasite from host enzymes and bile.28 In vitro studies 
demonstrated the role of FhTeg in induction of M2 macrophages and suppression on dendritic cells (DC) by impairing 
a Th1 response.29,30 Cameron et al reported that serum of sheep collected 4 weeks after Fasciola infection contained IgG 
antibodies that recognized FhTeg antigens and extracellular vesicles. The authors suggested that these can trigger an 
antibody-dependent cell-mediated cytotoxic response and could be vaccine candidates.31 Studies in humans sera 
demonstrated the production of IgG against enolase, aldolase, GST, and FABP as the main immunoreactive components 
against FhTeg.32 FhTeg is also responsible for secreting extracellular vesicles (EV). Proteomic analysis of excretory 
vesicles from NEJ demonstrated 29 different proteins some related to structural activity, metabolism, and locomotion, but 
interestingly no cathepsins were found.33

Mouse models with fascioliasis demonstrate recruitment of DC, macrophages, eosinophils, neutrophils, and CD4 + 
T cells into the peritoneal cavity.34,35 However, Fasciola ES components such as thioredoxin peroxidase shift the host 
response by stimulating alternatively activated macrophages (also called M2 macrophages). M2 cells are anti- 
inflammatory and characterized by production of high levels of interleukin-10 (IL-10), prostaglandin E2, leading to 
low levels of interleukin-12 (IL-12).36 Donnelly et al demonstrated that peroxiredoxin (Prx) secreted by the tegument of 
Fasciola, induced a Th2 response increasing IL-4, IL-5, and IL-13 secretion.37 After Fasciola infection, the upregulation 

Figure 2 Immunomodulatory effects of the excretory/secretory and tegumental antigens in Fasciola hepatica (Illustration created with BioRender.com).12,26,27 

Notes: #Only main functions are included in the figure There are many functions of the E/S antigens that are discussed in the manuscript. The list of E/S products is not 
comprehensive, only most prominent are presented. *Vaccine candidates.
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of transcription factors aids in the development of M2 and plasma cells and leads to Th2 differentiation via DC.38 The 
M2 cells blunt the Th17 inflammatory response involved in chemotaxis of myeloid cells.

Rodrigues et al showed that different glycans from the F. hepatica tegument promote maturation of the DC in mice.39 

Glycans induce a partially mature phenotype change in DC causing them to secrete anti-inflammatory cytokines such as 
IL-10 and express low levels of MHCII.39 In addition, in vitro experiments showed that the use of recombinant forms of 
ES antigens (cysteine protease enzyme/CL1 and GST) partially activates DC and suppress the development of Th17 but 
could not differentiate Th2 cells.40

The NEJ reach the liver in a period of days where they tunnel a path facilitated by secreted cathepsin peptidases 
(FhCL2, and FhC3).12 The parasite migrates through the liver for 8–10 weeks.41 Liver damage is limited by rapid wound 
healing via immune cells and induction of fibrosis. Once in the liver parenchyma, a predominant Th2 response takes over 
and is characterized by the production of IL-4, IL-5, as well as mastocytosis, hypereosinophilia, and IgE production and 
the absence of IFN-gamma and IL-2.26,42 Increased IL-4, IL-5, and IL-10 was associated with liver damage in mice.39 

Aron-Said et al demonstrated an increase in IL-5 and IL-17 during human acute fascioliasis compared to levels of this 
cytokines in controls and humans with chronic infection.43

Eosinophils are crucial for the response against helminth infections, as they have been shown to cause the demise 
of parasites in vitro.11 In contrast, during fascioliasis, the hypereosinophilia has been shown to be a protective 
mechanism to decrease liver damage and modulate the immune response. Experiments by Frigerio et al demonstrated 
that depletion of eosinophils caused more liver damage in mice.44 In the same study, eosinophils were shown to limit 
the production of IL-10 and promote the production of Th2 cytokines, in addition to induce more granulation as 
compared to eosinophil depleted mice.44 ES antigens released by Fasciola have been shown to induced apoptosis of 
eosinophils around 21 days post infection in rats via tyrosine kinases and caspases.45 Additionally, ES products such 
as cathepsins prevent the attachment of antibody mediated eosinophils to the parasite.46 Mast cells assist in the 
expulsion of parasites from the intestines and the secretions of proinflammatory cytokines via a Th1 immunological 
response.47 Mice experiments have demonstrated the suppressive effect of FhTeg on mast cells’ capacity to induce 
a Th1 response via the suppression of TNF-alpha, INF-gamma, and IL-10 secretion and ICAM1 expression.30 

Subsequent experiments supported these findings, Vukman et al injected mice with FhTeg and exposed them to 
Bordetella pertussis, demonstrating that FhTeg inhibited the production TNF-alpha and other proinflammatory mast 
cells.30 These experiments suggested the early recruitment of mastocytes to induce a Th1 response that is later 
inhibited by FhTeg.48

The inflammatory response to F. hepatica increases the release of IgE by plasma cells. IgE is thought to play a role in 
protective immunity evidenced by increased morbidity in parasitic infections after anti-IgE treatment.49 Silva et al 
reported elevated levels of total IgE and specific IgE antibodies in humans infected with Fasciola.50 IgE-dependent 
killing involves the attachment of mast cells and eosinophils to the helminth via the Fc receptor of IgE.51 However, there 
was a decrease expression of the high affinity IgE receptor in Fasciola infected sheep livers, suggesting that IgE- 
dependent processes are inhibited during infection.38

There are other mechanisms that partially explain why Fasciola is able to survive despite a strong Th2 immune 
response that normally would allow for elimination of helminths. The parasite has an evolving FhTeg with changing 
antigenic capacities while invading different tissues. The constant shedding of this changing FhTeg avoids the 
effect of immune complex attachment and potentially explain the poor efficacy of monovalent vaccines.52–55 

Another mechanism of immune evasion is the secretion of serine protease inhibitors (serpins) that regulate 
proteolytic events.41 Genomic and transcriptomic data have demonstrated the presence of seven serpins from the 
invasive NEJ stage in the ES products.12 In vitro, serpins inhibit the activity of human neutrophils cathepsin G, 
which protects the reproductive organs assuring the parasite’s survival.56 In vitro experiments have demonstrated 
the secretion of cysteine proteinase by Fasciola which cleaves the host IgG as another attempt to evade the host 
immune system.57 Recently, De Marco Verissimo et al reported that NEJ are resistant to complement activation. 
The serine protease inhibitors secreted by NEJ block complement activation by the inhibition of lectin complement 
pathway.58
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Chronic Phase
The chronic phase of F. hepatica infection occurs after the parasite reaches the biliary ducts and completes its maturation. 
Clinically, this stage is associated with production of eggs that are shed in the stool.12,59 During this phase, the parasite 
continues to modulate the immune system to survive without causing damage to the host. In human infection, this phase 
is characterized by modulation of the immune response, such that eosinophilia largely resolves, and cytokine levels are 
suppressed.43 Other helminths, such as Necator spp., Schistosoma spp., and Taenia spp., exert an immunomodulatory 
effect via activation of regulatory T cells (Treg), release of anti-inflammatory cytokines (IL-10, TGFβ), activation of M2 
macrophages, suppression of DC maturation, and inhibition of Th1/Th17 cell differentiation.26,34,59,60 In chronic 
infection, the ES products activate Treg and DC and stimulate the conversion of macrophages to M2 phenotype.61 

Lund et al showed that intraperitoneal administration of ES products to NOD (non-obese) mice protected them from 
developing type I diabetes, by production of macrophage dependent IL-10.61 Co-culture of M2 peritoneal macrophages 
with naïve splenocytes led to an increase in Foxp3+ Treg cells. In contrast, ES did not modulate splenocytes when applied 
directly, suggesting that activation is mediated via M2 macrophages.61 Costa et al demonstrated that depletion of M2 
macrophages was associated with partial resistance to infection and increase levels of Foxp3+ Treg.62 In a subsequent 
study, this group demonstrated that splenic Tregs and production of heme-oxygenase-1 (HO-1) by peritoneal antigen 
presenting cells depends on IL-10 activity in Fasciola infected mice. Upregulation of HO-1 decreased the production of 
reactive oxygen and nitrogen species and increased the number of Treg. Thus, decreasing oxidative damage to the 
parasite and decreasing the host capacity to avoid infection.63 This overall lack of immune response was also noted in 
infected Wistar rats. Studies demonstrated a profound unresponsiveness to mitogens during chronic Fasciola infection, 
with no significant differences between eosinophil count and minimal to no cytokine production.64

Pathology Associated with Fascioliasis
Fasciola interactions with its mammal hosts are mediated by contact with tegumental and excretory/secretory antigens, 
secretory vesicles, and the mechanical action of the parasites in tissue. These trigger a cascade of cellular responses 
leading to different disease manifestations ranging from local such as erosion into different tissues (eg blood vessels and 
liver parenchyma) or fibrosis to systemic such as anemia and weight loss. These interactions vary significantly by 
parasite stage, host species, and intensity of the infection. Our knowledge of the different pathologic processes associated 
with Fasciola infection is fragmented and stems from animal model studies and descriptions of natural infection in 
livestock and humans.

Liver Parenchyma Pathology
One of the hallmarks of fascioliasis is inflammation leading to deposition of extracellular matrix and scarring in liver and 
biliary tree tissues. Although, some reversibility of the lesions caused by the infection has been documented, the 
contribution of untreated fascioliasis to chronic liver disease among different hosts in endemic areas is not well 
known.65 A description of histopathologic changes caused by F. hepatica natural infection in the European hare 
(Lepus europaeus) reported hyperplasia of bile ducts with inflammatory cells and chronic fibroblastic response and 
portal fibrosis.66 Similar findings were described in a different study including Sika deer from Hokkaido Japan. In this 
study, a higher burden of infection (45% prevalence) was documented in deer slaughtered for human consumption. The 
histopathologic examination of the livers demonstrated chronic inflammatory and hyperplastic changes in the biliary 
epithelium with papillary hyperplasia, goblet cells metaplasia, pyloric glands metaplasia, and periductal fibrosis in all the 
animals with adult parasites in the bile ducts.67 More severe changes were described in naturally infected pigs which 
included the presence of fibrotic tracts in the liver surface associated with biliary tree and gallbladder mucosal thickening 
and dilation. On histopathology, perilobular chronic hepatitis with marked increased in connective tissue deposition, 
thickening of the biliary tree mucosa and submucosa, granulomas and diffuse fibrosis were observed.68 Studies from 
abattoirs in naturally infected cattle showed similar hyperplastic and fibrotic changes in and around the biliary tree 
suggesting similar pathogenic processes in this species.69–71 In addition, one study in South Africa showed a significant 
correlation between the severity of the fibrotic changes in the liver, the physical condition of the animals, and the final 
carcass weight suggesting that the severity of the inflammatory changes and liver disease have a systemic effect and may 
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be behind the high impact on production parameters observed with fascioliasis.69 However, natural infection studies 
might be difficult to interpret as most fail to account for the influence of other helminth infections and other concomitant 
conditions, such as rearing practices.

Animal models of experimental infection isolate the effects of Fasciola infection on liver pathology. Mice experi
mentally infected with F. gigantica metacercariae displayed progressive and significant deposition of collagen in the liver 
as early as 5 days post infection.72 In experimentally infected rats, myofibroblast and deposits of collagen appeared 
within infiltrates of inflammatory cells in and around the migratory tracks left by juvenile flukes as early as 4 weeks post 
infection and persisted up to the 7th week post infection. Of note, fibrotic changes associated with proliferation of bile 
ducts and inflammatory infiltrates were also described in areas of the liver that did not undergo mechanical disruption by 
the migrating juveniles. In the same study, adult parasites during the chronic phase caused epithelial and glandular 
hyperplasia with intense inflammatory infiltrates in the biliary ducts. The liver parenchyma showed cirrhotic changes 
with axial and non-axial nodule formation as well as significant expression of cytokeratin in ductules and the common 
bile duct suggesting severe fibrosis in this model of infection.73 Evaluation of METAVIR fibrosis scores in groups of rats 
experimentally infected with increasing doses of F. hepatica metacercariae revealed severe fibrosis (METAVIR F3–F4 
scores) in 60% of the rats infected with 10 metacercariae (harboring 1–3 adult parasites) and in 100% of the rats infected 
with ≥20 metacercariae (harboring 3 to 7 adult parasites). In this study, the expression of collagen I, TGF-BR1 receptor, 
TIMP1 and TIMP 2 fibrogenic genes in the liver was associated with the infectious dose and the time elapsed since 
infection. The authors suggested that liver stellate cell and the parasite’s cathepsin L played a paramount role in 
F. hepatica induced fibrogenesis.74 Similarly, the evaluation of experimentally infected sheep showed increased tran
scription, as high as 35-fold of genes associated with extra cellular matrix deposition and fibrosis during acute 
infection.75

The liver pathology associated with fibrosis in human with acute and chronic fascioliasis is poorly characterized and 
limited to case reports. Almendras-Jaramillo et al reported cases of children presenting with advanced liver disease such 
as liver cirrhosis and concomitant Fasciola infections in Peru.76 Another case series from Peru describes severe fibrosis 
in the liver biopsy of a child presenting with hepatosplenomegaly, anasarca, and hypergammaglobulinemia diagnosed 
with chronic Fasciola infection but without further evaluations for other potential causes of liver disease.77 Sanchez-Sosa 
reported the cases of two alcoholic patients presenting with advanced liver cirrhosis associated with significant dilation 
and fibrosis of the biliary tree and massive infection with F. hepatica. Although, establishing causality for fascioliasis in 
the development of cirrhosis in these patients is not possible, the presence of advanced biliary tree disease and massive 
infections suggest that the parasite could have played a contributing role in chronic liver disease.78

Biliary Tree Pathology
Biliary tree disease associated with obstruction of the biliary ducts may be caused by the mechanical action of the 
parasites and/or chronic inflammation causing mucosal thickening, stenosis, and strictures. Human fascioliasis associated 
with acute or chronic cholecystitis and obstructive jaundice with dilation of the common bile duct is common in endemic 
countries.79–82 These patients present with abdominal pain and different combinations of eosinophilia, elevation of 
transaminases, alkaline phosphatase, gamma-glutamyl transferase, and/or total bilirubin. Findings upon laparoscopic 
evaluation of patients admitted for acute or chronic cholecystitis caused by Fasciola, often without lithiasis, in a major 
referral center in Lima, Peru, showed significant inflammation around the common bile duct and gallbladder, thickening 
of their walls, and formation of adhesions.6,7 In the presence of dilation of the common bile duct, endoscopic extraction 
of the liver flukes makes the diagnosis and treats the obstruction.82,83 Complications arising from biliary tree obstruction 
in fascioliasis include pancreatitis, cholangitis, and liver abscesses.83–86 Chronic infection and inflammation of the biliary 
tree can cause focal dilation associated with biliary epithelial injury, hyperplasia causing narrowing, and cellular atypia as 
well as eosinophilic granulomas surrounding Fasciola eggs in the liver parenchyma.87–89 Some of these lesions may be 
attributed to malignancy and lead to invasive procedures increasing the morbidity and the probability of complications.

Other liver flukes such as Opisthorchis sp. and Clonorchis sp. are recognized as precursors of intrahepatic and 
extrahepatic gallstones in human.90 In contrast, this association has not been well characterized in fascioliasis. The co- 
occurrence of gallstones and fascioliasis in human is not uncommon in endemic countries and evidence from naturally 
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infected animals and animal model suggest that Fasciola may be associated with stone formation.91,92 Brahmbhatt et al 
demonstrated higher levels of alkaline phosphatase and gamma-glutamyl transferase in cattle and buffaloes infected with 
Fasciola compared to uninfected animals suggesting ongoing cholestasis.93 In addition, the formation of biliary calculi 
has been described in cattle naturally infected with Fasciola.94 Isolating the effects of fascioliasis on gallstone formation 
in naturally infected animals is difficult as they may have concomitant parasite infections and comorbid conditions. 
However, in the rat model of infection, the appearance of gallstones was associated with chronic Fasciola infection with 
fully mature flukes and was more common at the time when flukes reached their maximal size. Gallstone formation was 
more common with higher burdens of infection, days post experimental infection, and certain lipid profiles suggesting 
that obstruction and stasis may play an important role on gallstone formation in the presence of comorbidities.95 

Obstruction and bile stasis are associated with bacterial overgrowth and colonization of the biliary tree with gut bacteria. 
A study using the rat model showed that from 157 animals experimentally infected with Fasciola, 18 (11%) developed 
lithiasis in the intra and extrahepatic bile ducts 100 to 400 days after the infection compared to none of the uninfected 
control rats. No stones formed in the gallbladder and formation was associated with longer time since experimental 
infection. In these animals, stones were predominantly composed of calcium (82–94%) and palmitic acid forming 
calcium salts.96 Early studies of gallstone composition suggested that calcium palmitate was associated with pigmented 
stones and that these formed in the setting of chronic biliary infections.97 The paramount role of bacteria in cholesterol 
and pigmented stone formation in the biliary tree is now being recognized.98 Different types of bacteria are associated 
with the specific composition of stones. It has been proposed that bile and gut microbiome are similar and that dysbiosis 
of these environments may predispose to stone formation.98–100 Fascioliasis is associated with gut dysbiosis in cattle with 
reduction in Bacteroidetes and Ascomycota abundance and increase in commensals such as Peptostreptococcaceae which 
may impair the cattle’s ability to digest food.101 Although, a direct parallel between cattle and human gut microbiome 
changes cannot be made, similar decreases in Bacteroidetes in the bile microbiota are associated with gallstone formation 
in human.100 Studies directed at elucidating the epidemiologic associations of biliary tree stones with fascioliasis in 
human and the potential underlying pathologic mechanisms are needed.

Cholangiocarcinoma has been associated with chronic bacterial and parasitic infections of the biliary tree including 
Salmonella and liver fluke infections. O. viverrini and C. sinensis are recognized as class I carcinogens associated with 
gallbladder cancer.102 The pathologic mechanisms that contribute to cholangiocarcinoma associated with Opisthorchis/ 
Clonorchis may include mechanical epithelial injury and secretion of cathepsins that cause chronic inflammation, 
oxidative DNA damage, and secretion of granulin-like growth factor and thioredoxins with mitogenic and antiapoptotic 
effects.103 Despite the overlap of highly endemic areas for cholangiocarcinoma and fascioliasis in South America and the 
potential for similar parasite host interactions, no association between these illnesses has been systematically 
reported.104–107 Case reports of concomitant cholangiocarcinoma and Fasciola infection are not common and do not 
constitute evidence to claim an association.108

Systemic Manifestations
Fascioliasis is associated with manifestations beyond the gastrointestinal system. Acute and chronic fascioliasis has been 
associated with anemia in animals and humans. Asymptomatic children with fascioliasis were 3 times more likely than 
children without the infection to have anemia in the highlands of Peru.109 The pathologic processes underlying the 
development of anemia may depend on the phase of the infection and the host, but their study is confounded by 
difficulties in separating the multiple other factors affecting hemoglobin levels in Fasciola endemic areas.

Changes in the liver parenchyma during the acute phase and the biliary tree mucosa during the chronic phase of the 
infection suggest that blood loss and iron deficiency, although not always apparent, may explain in part the pathogenesis 
of anemia. In sheep, necrotic and hemorrhagic tracts with fibrin deposits are evident upon macroscopic and histologic 
examination of the liver during the migratory phase of fascioliasis. The severity of these findings depends on the intensity 
of the infection and may lead to massive hemorrhage in sheep.110 Massive bleeding associated with fascioliasis is also 
described in humans which may account for the few lethal cases of Fasciola infection. Although, the incidence of acute 
blood loss caused by Fasciola in humans is not known, haemobilia, upper gastrointestinal bleeding, liver subcapsular 
hematomas, and hemoperitoneum cases have been described with acute and chronic infections.76,111–116
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Acute blood loss is not the only mechanism associated with iron deficiency anemia in fascioliasis. Ulceration of the 
biliary tree mucosa, blood loss, and haemobilia have been reported in animals. A study evaluating the feeding behavior of 
adult Fasciola parasites in the rabbit model of infection showed diffuse necrotic ulceration of the biliary tree mucosa with 
contained hemorrhage in the areas where parasites fed.117 In the rat model, chronic infections with Fasciola at weeks 20 
and 60 were associated with detectable blood in the stool, microcytic anemia, and iron deficiency in the majority of the 
animals.118 In naturally infected cattle, hemoglobin and iron concentrations were lower in animals with chronic 
fascioliasis compared to animals without infection suggesting iron deficiency and chronic blood loss as the cause of 
anemia according to the authors.119 Other mechanisms have been proposed for anemia associated with fascioliasis. 
A study in naturally infected goats evaluating the efficacy of different drugs against fascioliasis showed that hemoglobin 
levels started recovering 7 days after treatment in all groups compared to the untreated controls with normalization 
by day 30 after drug administration.120 Such a fast response of hemoglobin levels after treatment for Fasciola is unlikely 
in iron deficiency anemia. In a study by El-Shazly among humans with chronic fascioliasis in Egypt, only 30% of those 
with anemia had hypochromia and microcytosis suggestive of iron deficiency while more than 60% had normochromic 
normocytic anemia suggestive of other underlying processes such chronic immune activation.121 An association between 
the type of host immune response to Fasciola infection and anemia and its severity has been proposed in the rat model.122 

However, comprehensive human studies evaluating the different potential mechanisms of anemia associated with 
fascioliasis controlling for other variables such as chronic liver disease and socioeconomic factors are needed.

Weight loss has been reported in Fasciola infections in animals and treating fascioliasis in livestock increases milk 
production and weight gain.123 Weight loss and chronic malnutrition has been associated with fascioliasis in humans with 
a particular impact on school aged children.11,124 However, the mechanisms underlying weight loss in acute and chronic 
fascioliasis have not been well characterized.

Conclusions
In conclusion, Fasciola sp. causes disease via multiple mechanisms that include modulating inflammation, enzymatic 
action of the ES, and mechanical disruption depending on the phase of the infection. Most of what we know about the 
parasite host interactions stems from animal model and natural infections, but the specific pathogenic mechanisms in 
human need further characterization. The description of multiple Fasciola sp. secretory and excretory proteins have 
helped elucidate some pathologic mechanisms including the modulation of the immune response. Some of these proteins 
offer potential targets for therapeutics, diagnostics, and vaccine development.
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