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Highlights
The proportion of patients with chronic
schistosomiasis diagnosed with pulmo-
nary nodules seems much higher than
previously described in the literature.

Nodular lesions in chronic schistosomia-
sis are very similar to those described in
acute schistosomiasis; both should be
caused by clusters of eggs, and both
may be unrelated to the presence of pul-
monary symptoms.
A precise timeframe to differentiate acute schistosomiasis (AS) and chronic
schistosomiasis (CS) is not well defined. Based on recent published literature,
lung nodular lesions in AS and CS seem to have the same pathophysiology,
that is, eggs laid in situ by adult worms, during an ectopic migration. Moreover,
the occurrence of lung nodules due to clusters of eggs and the systemic
immunoallergic reaction of AS (Katayama syndrome) may be two separate
clinical entities, which may overlap during the early phase of infection. Conse-
quently, the classical distinction between AS and CS loses much of its concep-
tual validity. If adult worms play a more important role in the early phase of the
disease the clinical management of AS should probably be revised.
Katayama syndrome, which occurs also
in patients infected by male parasites
only, seems therefore not to be related
to egg deposition.

Adult worms can be found all over the
body and 'ectopic' sites are more fre-
quent than previously described.

Focal lung lesions incidentally observed
during chronic schistosomiasis seem to
disappear spontaneously (or clearance
may be accelerated by praziquantel),
similar to what is known for pulmonary
lesions observed during early infection.
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The Pathophysiology and Duration of the Early Phase of Schistosomiasis Are Still
Poorly Defined
Human schistosomiasis, a parasitic disease caused by trematode flukes (see Glossary) of the
genus Schistosoma, is usually clinically divided into acute schistosomiasis (AS) and chronic
schistosomiasis (CS) [1]. A precise timeframe to differentiate between AS and CS has never
been accurately defined, while the arbitrary cut-off of 10–12 weeks, counting from the moment
of exposure, has been generally accepted to separate these clinical entities [1,2]. Symptomatic
AS, commonly presenting with fever, headache, cough, malaise, fatigue, abdominal pain, and ur-
ticarial rash, also called Katayama fever or Katayama syndrome, has been described almost
exclusively in individuals exposed to the infection for the first time, that is, nonimmune travelers
[1,3,4]. This can be explained by the lack of early-life sensitization, either in utero or during the
first years of life [5], which might dampen immunological responses during first infection, or simply
by lack of recognition [1]. Pulmonary manifestations of AS, when present, are sometimes associated
with radiological features usually described as ill-defined nodules and 'ground-glass' areas [6–8].
Such radiological abnormalities have been reported to develop even as early as 3 weeks after
exposure, along with documentation of eggs in pulmonary tissue [9]. In CS, the adult worms live in
the venous mesenteric or vesical plexuses (depending on the species), where they lay hundreds to
thousands of eggs daily for several years. The eggs can either leave the body with stool and urine
or become trapped in tissues [2]. The continuous deposition of eggs causes a granulomatous
response resulting, over time, in chronic inflammation with fibrosis and, eventually, severe organ
damage, such as ureteral obstruction, squamous bladder cancer, genital lesions (Schistosoma
haematobium), and periportal fibrosis with portal hypertension (Schistosoma mansoni and
Schistosoma japonicum) [2]. The main known characteristics and gaps in knowledge of the
physiopathological features, clinical presentation, and timeframe of AS and CS are summarized
in Table 1.

While the pathophysiology of CS is universally accepted, that of AS remains poorly characterized
and therefore controversial. Four main pathophysiological mechanisms have been proposed:
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Glossary
Ectopic: 'occurring in an abnormal
position or place; displaced'. Ectopic
forms of schistosomiasis are those in
which adult worms and/or eggs, and the
lesions they induce, are localized outside
the organs where the parasites naturally
reside.
Granuloma: a focus of chronic
inflammation consisting of amicroscopic
aggregation of leukocytes,
predominantly mononuclear cells,
forming usually as a result of the
persistence of a nondegradable product
in a variety of infectious and
noninfectious diseases.
Katayama fever or Katayama
syndrome: an early clinical
manifestation of schistosomiasis,
occurring 2–12 weeks after infection
with Schistosoma spp., especially in
nonimmune people. Symptoms/signs
typically include fever, malaise, cough,
headache, abdominal pain, urticarial
rash, and eosinophilia.
Loeffler(-like) reaction: a transient
respiratory syndrome characterized by
peripheral eosinophilia and radiographic
infiltrates, mostly associated with
parasitic infections (e.g., Ascaris
lumbricoides, Strongyloides stercoralis,
hookworm, filarial nematodes) or
hypersensitivity reactions to drugs.
Reverse transcriptase (RT) PCR: a
variation of the polymerase chain
reaction (PCR) thatmeasuresRNA levels
to study gene expression. The RNA
template is transcribed using the reverse
transcriptase enzyme to complementary
DNA (cDNA), which can be amplified
and quantified using classic PCR or real-
time PCR.
Serum sickness (type III
hypersensitivity): an immune-
complex-mediated hypersensitivity
reaction occurring when complexes of
antigen and antibodies form in the
circulation and are deposited in
tissues, activating the complement
cascade and therefore an inflammatory
reaction.
Trematode flukes: Trematoda is a
class within the phylum Platyhelminthes,
which includes parasitic flatworms,
also known as flukes. Trematodes can
affect the liver (e.g., Fasciola spp.,
Clonorchis sinensis, Opisthorchis spp.),
the lungs (Paragonimus spp.), the
intestine (e.g., Fasciolopsis spp.,
Metagonimus spp., Heterophyes spp.),
and the blood vessels (Schistosoma
spp.). Schistosoma spp. are unique

Table 1. Overview of 'Knowns' and 'Unknowns' in AS and CS

Acute schistosomiasis Chronic schistosomiasis

Knowns Unknowns Knowns Unknowns

Katayama syndrome mostly
observed in nonimmune
individuals
Pulmonary manifestations
include transient ill-defined
nodules and 'ground-glass'
areas

Pathophysiology of
Katayama syndrome
Pathophysiology of focal
lung lesions
Earliest moment of adult
Schistosoma maturation
and egg deposition

Chronic complications
caused by inflammation
to eggs trapped in tissues
Lung involvement
characterized by
irreversible pulmonary
hypertension
Focal lung lesions due to
granulomatous reaction
around clusters of eggs

Ectopic or natural
path occurrence of
focal lung
involvement
Precise timeframe to
differentiate acute
and chronic
schistosomiasis
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(i) serum sickness (type 3) hypersensitivity reaction triggered by egg deposition [10]; (ii) 'a
systemic hypersensitivity reaction against the migrating schistosomula and eggs' [11]; (iii) 'a tox-
emic and allergic reaction to the migrating and maturing larvae of Schistosoma', but not to eggs
[12]; and (iv) a more generalized systemic, immunologically mediated, Loeffler-like reaction,
not specifically related either to larvae or to adult worms or to eggs [13]. Because of this etiological
uncertainty, the treatment during the timeframe generally defined as, and in particular the optimal
timing of praziquantel (PZQ) administration, remains undetermined. The parasiticidal activity of
PZQ is indeed maximal against adult worms but much more limited against juvenile larvae [2].
Several therapeutic strategies have been proposed, including PZQ alone for patients recently in-
fected but asymptomatic [11], or the association of steroids and PZQ in symptomatic cases [10].
Of note, in both of these strategies, a second course of PZQ, 6 weeks to 6 months later, is rec-
ommended to eliminate the 'surviving' worms that would have meanwhile matured [10,11]. Other
experts recommend steroids during symptomatic AS followed by PZQ only upon egg detection
(proof of presence of adult worms) in stool or urine [12].

Old and Recent Findings Suggest a Rethinking of the Ways in Which AS and CS
Are Considered
The Recent Findings: Lung Nodules in CS Are Much More Common Than Thought
A recent report describes a case series of sub-Saharan African patients who had migrated to
Italy, who were diagnosed with CS (S. mansoni and S. haematobium), and in whom pulmonary
nodules and 'ground-glass' areas were incidentally found [14] (Figure 1). In all of them, a recent
re-exposure could be formally excluded. In all cases, the lung biopsies showed clusters of
Schistosoma eggs surrounded by a granulomatous reaction, with a rich eosinophilic component.
All the patients were treated with PZQ (40 mg/kg a day for 3 days) with a complete resolution of
the lung nodules. These findings were not expected for two main reasons. First, the proportion of
patients with CS diagnosed with pulmonary nodules in this cohort was much higher than
previously described in the literature, namely six of the 120 (5%) CS cases diagnosed over a
period of 18 months, compared with 18 cases overall reported in the literature since the 1960s
[14–32]. These results were so unexpected that some other authors defined it as 'a new clinical
entity' related to CS [33]. Worthy of note, another four cases of pulmonary nodules in CS were
afterwards detected in the same center [34]; moreover, a case series of 17 cases [35] and
other single cases were reported [36–38]. Second, the characteristics of the lung lesions in
these patients with CS resembled those described by other groups during AS: transient
macronodules, micronodules [11,39,40], and nodules with 'ground-glass' attenuation areas
[6,7,9,41–45]. These were obviously very different from the lung manifestations described in
some patients with advanced-stage CS, that is, irreversible pulmonary arterial hypertension but
no lung nodules [13,46,47]. Pulmonary arterial hypertension is probably pathophysiologically
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among trematodes and any other
flatworms as they have distinct male and
female individuals.
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Figure 1. Pulmonary Computed Tomography (CT) Scans of Asymptomatic Migrants with Early Chronic
Schistosomiasis. (A,B) Lung nodules. (C,D) 'Ground-glass' areas.
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similar and often concomitant with CS-related portal hypertension. In this phase, the adult worms
are present in the mesenteric plexuses and release eggs that, after shortcutting the portal ob-
struction, spread all over the lungs, resulting in the formation of granulomas that have quite a ho-
mogeneous distribution throughout the lung parenchyma, followed by fibrosis (Figure 2C). This
condition is not reversible, and nodules are not detected on imaging [46,47]. Contrarily, the
lung nodules are due to clusters of eggs probably laid by adult worms in situ, thus suggesting mi-
gration of the adult worms to the lungs [22,25,27,30,38,48,49] (Figure 2B).

The possible solution of this conundrum comes from the clinical observation of a further two pa-
tients who presented to the same center with CS and pulmonary nodules [50]. One of them,
asymptomatic, had positive microscopy for S. mansoni and S. haematobium ova, and a single
well-defined nodule on the computed tomography (CT) scan. He did not present to a scheduled
visit for the treatment of schistosomiasis and, when he came back 9months later, the lung nodule
had completely disappeared. The second patient received treatment for S. haematobium infec-
tion; a CT scan highlighted a lung nodule that had not been detected by another CT scan
662 Trends in Parasitology, August 2020, Vol. 36, No. 8
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Figure 2. Lung Involvement in Different Phases of Schistosomiasis. (A) A very early systemic Loeffler-like reaction
(Katayama syndrome), characterized, when present, by a diffuse interstitial pattern but no nodular lesions on imaging. This
is possibly related to the migration of larvae/juvenile worms; the pulmonary symptoms are nonspecific and are part of a
more general immunoallergic reaction. (B) Transient lung nodular lesions, most of the time asymptomatic and with a rather
typical 'ground-glass' aspect on imaging; they may be present from the very early stage (3 weeks after infection) and
throughout the whole period of active schistosomiasis (involving the presence of living adults). These are related to nests
of eggs laid during sporadic adult migration. (C) Pulmonary arterial hypertension, with severe morbidity, occurs as a rather
late complication of schistosomiasis. This is due to the granulomatous and fibrotic reaction around eggs embolized and
stuck in capillaries, following their continuous release by adult worms established in the portal/caval venous system. In this
case eggs are homogeneously distributed in the lungs.

Trends in Parasitology
6 months earlier, just as the case described by Ryan et al. [25]. Based on these two additional
cases, it was postulated that, in the previous case series, the treatment with PZQ only accelerated
the clearance of the lung lesions that otherwisewould have disappeared spontaneously [50], similar
to what is known for pulmonary lesions diagnosed during AS [44]. Since chest imaging is routinely
offered for tuberculosis screening to asymptomatic migrants at the center, this allowed detection of
pulmonary nodules that usually would go unrecognized when imaging is performed only in case of
respiratory complaints, or in low-resource settings where imaging is usually not available.

CS: Why Do the Lung Nodules Caused by Eggs Disappear?
Oviposition and the consequent granulomatous reaction around egg clusters seem therefore to
be at the basis of both transient lung nodules and chronic urinary and intestinal lesions in CS.
Probably a single passage of the adult wormswith oviposition in the lungs (or also in other organs)
causes a transient inflammatory reaction. This pathophysiological mechanism is different from the
continuous deposition of eggs in a same site – where adult worms reside for long periods and
eggs are trapped, which causes a granulomatous response resulting, over time, in chronic inflam-
mation, fibrosis, and severe organ damage; in these conditions the immune system cannot lead
to a restitutio ad integrum, and medical or surgical treatment is needed.

AS and Lung Nodules: Literature Reporting Very Early Oviposition Does Exist
The presence of eggs in the very early phase of schistosomiasis is reported in some papers: as
early as 3 weeks after exposure in the lungs [9], 4 weeks in stool [11,45], 5 weeks in a biopsy
of the skin [51]. These findings confirm that the oviposition sometimes starts very early, before
what was previously thought (6–7 weeks).

The Unifying Viewpoint: Focal Lung Lesions Are Caused by Clusters of Eggs,
Whatever the Phase of Infection
Based on recent findings reported in the literature, it can be assumed that defined lung lesions
diagnosed during the time period ascribed to AS, as well as to CS, are caused by clusters of
Trends in Parasitology, August 2020, Vol. 36, No. 8 663
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eggs [9,14,44]. In both phases, or rather in a continuumduring the worm's life span, the formation
of such clusters most probably results from ectopic migration of adults, with gravid females laying
eggs while wandering outside their classical residing sites (Figure 2B). Clusters of eggs
surrounded by granulomatous reactions have been observed in all published reports of lung nod-
ules examined by transthoracic biopsies that were performed during both AS [9,44,52] and CS
[14–38], with only one exception (a case with transbronchial biopsy demonstrating an eosino-
philic pneumonia but no eggs) [7]. In addition, adult worms were found in lung nodules in at
least eight cases [14,22,25,27,30,38,48,49] as well as in other anatomic sites, including liver,
heart, conjunctiva, and cervix [53–56]. The most plausible anatomical hypothesis is that the
adult worms would reach terminal venules either through collateral vessels or through the verte-
bral venous system which provides a natural valveless intercommunicating channel from portal
and caval veins to all parts of the body [57].

We consider therefore that most lung nodular lesions in schistosomiasis have the same patho-
physiology during both AS and CS periods, that is, eggs laid by adult worms in situ during tran-
sient migration. In this light, the classical distinction between AS and CS would lose much of its
conceptual validity, as histological features similar to those found during CSmay be already present
at the very early stage during AS, sometimes even as early as 3 weeks after infection [9].

Katayama Syndrome and Lung Nodules: Two Separate Entities
Lung nodules due to the local deposition of eggs and the systemic immunoallergic reaction of AS
(Katayama syndrome) may represent two separate entities that may overlap during the early
phase of infection. Recently, volunteers were exposed to male-only schistosome parasites and
developed Katayama syndrome despite the absence of eggs [58] (Figure 2A). Similarly, a cluster
of Katayama cases has been observed in exposed Belgian travelers returning from South Africa,
where recent infection due to S. haematobium– Schistosoma mattheei hybrids was detected
based on PCR only in the absence of detectable eggs [59]. Pulmonary nodules seem to be there-
fore unrelated to 'inflammatory' pulmonary symptoms, both in the early [6,60] and chronic [14]
phase of infection.

Schistosomiasis: Multiorgan or Ectopic Sites?
Faust and Goncalves et al. defined 'ectopic lesions' in schistosomiasis as local granulomatous
reactions to the worms or their eggs occurring outside the portal–caval venous circulation
[57,61]. However, recent observations suggest that lung nodules in schistosomiasis that are
the result of parasite migration and egg deposition are not exceptional [14,50]. To bring this fur-
ther, if pulmonary nodules (clinically silent but detectable with imaging) are part of the natural
course of infection, adult worms probably migrate through many other organs, causing similar le-
sions that are not frequently recognized because they are not associated with clinical manifesta-
tions. Indeed, the review by Lambertucci supports this hypothesis, describing clusters of eggs
also in pancreas, brain, lymph nodes, and other organs of patients who died during AS [11]. If
this is the case, then schistosomiasis could be defined as a multiorgan infection with a particular
involvement of the mesenteric and vesical plexuses. A further, intriguing aspect that deserves to
be explored is whether infection with Schistosomamonospecies and hybrids may have different
behaviors [62]; an in-depth genotype analysis of eggs found in 'ectopic' lesions is warranted in
future studies.

Neuroschistosomiasis: Are the Nodules Retrieved in the Central Nervous System
during the Early Phase of Infection Also Caused by Local Deposition of Eggs?
If ectopic migration of adults in the lung vessels may be relatively harmless, and likely go unrecog-
nized most of the time, this may be totally different in other ectopic sites such as the central
664 Trends in Parasitology, August 2020, Vol. 36, No. 8



Outstanding Questions
What is the pathophysiological
mechanism causing Katayama
syndrome?

Does it make sense to classify
schistosomiasis in acute and chronic
forms with a cutoff of 3 months if the
focal lesions that appear in the early
phase have the same origin and
mechanism of formation as those
observed during the late phase?

Can we define 'acute schistosomiasis'
only in the presence of symptoms of
Katayama syndrome, and differentiate
'reversible' from 'irreversible'
schistosomiasis, regardless of time
from exposure, on the basis of
the absence/presence of reversible
lesions (e.g., lung nodules, bladder
polyps) or irreversible lesions
(e.g., bladder cancer, periportal
fibrosis), respectively?

What is the earliest moment of adult
Schistosoma maturation and egg
deposition?

What is the most appropriate time
threshold (if any) from exposure to
apply antiparasite treatment of early-
stage schistosomiasis?

Does Schistosoma migration in the
lungs constitute an 'ectopic' migration
or is it part of the natural path in
humans?

Can a reverse transcriptase PCR
targeting only transcripts from larval or
adult worms be designed and vali-
dated for research purposes and/or
clinical use?
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nervous system (CNS). The pathogenesis of neuroschistosomiasis during early infection is still un-
known, while during CS it is due to egg-induced granulomas [63]. As there are no studies that can
explain the pathogenesis of acute neuroschistosomiasis, hypotheses have been formulated.
Some investigators suggested that eosinophil-mediated vasculitis and small-vessel thrombosis
may be the most likely pathophysiological mechanisms [12,64,65], although vasculitis is not a
pathological feature found in biopsies obtained from patients with AS. Conversely, some other
authors suggested that the pathogenesis may be due to eggs, based on the histological obser-
vation that AS may be associated with intense miliary dissemination of eggs to almost any organ
[11,66]. Pittella considered that the anomalous migration of adult worms appears to be the main,
if not the only, mechanism by which S. mansoni causes nodular lesions in CNS [66]. Finally, Kane
stated that it is difficult to account for nests of eggs in the brain without the close proximity of a
parturient female worm [67]. The postulates of these last authors are very similar to our specula-
tion of what occurs in the lungs.

Is a Redefinition of AS and CS Needed?
To summarize, it seems that lung nodular lesions seen in AS and CS have the same pathophys-
iology, that is, eggs laid in situ by adult worms, during migration. Does it therefore make sense to
classify schistosomiasis as and CS, with a cutoff of 3 months, if the focal lesions that appear in the
early phase have the same origin and pathological mechanism as those observed during the late
phase? To provide a clearer framework for defining the clinical features of schistosomiasis, we
suggest that AS be defined as a clinical entity only in the presence of symptoms of Katayama
syndrome, that the concept of CS be abandoned, and that schistosomiasis be designated as
'reversible' or 'irreversible', regardless of (the presumed) time from exposure, based on the
absence/presence of reversible lesions (e.g., lung nodules, bladder polyps) or irreversible lesions
(e.g., bladder cancer, periportal fibrosis), respectively.

How to Detect the Presence of Adult Worms in the Sites of 'Ectopic' Egg Clusters
Our view is that the asymptomatic focal lesions reported in the first phase of primary schistosomal
infection (incidentally observed during AS, but likely not responsible for Katayama symptoms) are
due to local deposition of clusters of eggs laid by adult female worms in situ, and, therefore, that
all nodules/focal lesions, at any time postinfection and at any site, develop as the consequence of
this mechanism. The presence of eggs in such nodules was actually demonstrated by different
authors [44], starting as early as 3 weeks after infection [9,45,51]. The presence of an adult
worm in situ is more difficult to demonstrate. More sophisticated diagnostic tools are needed
to further explore parasite migration and to map local deposition of eggs. The bronchoalveolar la-
vage of two patients with lung nodules during CS was retrospectively tested with an in-house
real-time PCR for Schistosoma spp.; this resulted in a positive reaction in both cases [68]. With
a reverse transcriptase (RT) PCR targeting only transcripts specific for different developmental
stages of the parasite (larvae, adults, eggs), it could be possible to demonstrate the presence of
adult worms in the lungs – also in the early phase of infection. Such a stage-specific test, prefer-
ably applicable on noninvasive clinical samples, such as sputum or even saliva, could also allow
determination of the incidence of new infections, correlate symptoms in endemic areas with
active transmission, and support the monitoring of new treatment regimens. Unfortunately, at
present, highly stage-specific biomarkers on which to base such RT-PCR tests do not exist.

Concluding Remarks
The clinical management of AS is still challenging [12] due to the persistent gray areas in the path-
ophysiological mechanisms and the absence of evidence (see Outstanding Questions). Probably
the cornerstone of treatment of the acute phase of schistosomiasis is the use of anti-inflammatory
drugs such as corticosteroids [12]. However, our hypothesis has practical implications. If indeed
Trends in Parasitology, August 2020, Vol. 36, No. 8 665
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adult worms are already present early after infection, then PZQ, in association with steroids, could
be started at an earlier stage than generally recommended. PZQ would avoid novel oviposition,
while steroids would attenuate the inflammatory reaction caused by already-laid eggs (and
maybe adult decay). Undoubtedly, treatment with PZQ should be repeated after several weeks
in order to kill newly matured adult worms, until the moment when larvae-specific or pan-stage
drugs become available in clinical practice [10,11]. The dosage and the length of therapy with
PZQ are debatable. Considering that a single dose of PZQ does not reach 100% efficacy in the
chronic phase [69], 40 mg/kg a day for 3 days might be preferred [10]. Some other authors sug-
gested higher dosage (60 mg/kg a day) for fewer days [70]. At the moment no data are available
to help decide between high-dose or multiday PZQ regimens [70]. An important issue is that
corticosteroids seem to decrease plasma levels of PZQ by 50% [71]. Possibly, the association
of steroids and PZQ 60 mg/kg a day for 3 days during the early phase of infection, followed by
PZQ 40 mg/kg a day for 1–3 days after several weeks, could be explored to overcome this initial
interaction.
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