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ABSTRACT

Cystic Echinococcosis (CE) is a common neglected disease in many communities around the
world, causing substantial costs on the endemic communities. CE has been considered a
disease of adulthood, mostly affecting age groups within 20-59 years. However, CE can be
seenin early life evenin patients younger than 5 years. While the disease is frequently reported
from children in the endemic areas across the globe, children CE is even more neglected and
under-represented in the literature. Here we present an overview on this topic, summarizing
main features of pediatric CE, current findings, existing knowledge and information gaps and
research needs on this issue.

In adults the lungs are involved in less than 30% of CE cases, however in children, pulmonary
hydatid disease has been reported to be up to 67%. Different patterns of hydatid cyst and
multiple organ involvement have been frequently observed in children, probably due to
the immature filtering mechanisms of the liver and lungs during infancy and childhood and
the role of intestinal lymphatic channels in dissemination of the parasite. It is believed that
children immune system is less responsive to hydatid cysts, therefore serological assays of CE
in children are likely to result in more false negative outcomes. As the proportion of internal
organs occupied by the cyst is much greater in children than the adult patients, CE in children
is more likely to be symptomatic than adults.

Another peculiar aspect of pediatric CE is that the disease has been more frequently observed
in boys than girls. According to the data recently published by the European Register of
Cystic Echinococcosis the contribution of male patients is more than the females in children
and adolescents. While males constitute 65% of the CE patients in 0-9 years age group, the
proportion decreased to 50% and 45% in 30-39 and 70-79 years age groups, respectively.
Considerable gaps of knowledge exist in pediatric echinococcosis and further investigations
are required on this topic. Major information gaps in children CE include the lack of age-
specific data, natural history, detailed clinical picture, clinical trials of non-surgical approaches,
genotype data, specific guidelines for diagnosis and treatment and WHO ultrasound
classification.
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INTRODUCTION

Cystic Echinococcosis (CE) is a common zoonotic
infection in many communities around the world. CE
is caused by larval stages of different genotypes within
Echinococcus granulosus sensu lato. Adult worms of E.
granulosus develop in dogs and other carnivores as the
definitive hosts excreting eggs in feces to infect sheep
and other herbivores as the intermediate hosts. Humans
are accidentally infected by food and water contaminated
with the parasite eggs. Basically, the parasites reach the
liver and lungs through the small intestine and portal
veins (1).

The disease is distributed worldwide extending from
South America to North Africa, Mediterranean basin, the
Middle East, Central Asia and Western China. CE imposes
substantial animal and human costs, estimated at 0.01-
0.04% of the gross domestic products in different endemic
countries (2,3). According to WHOQ, it is estimated that one
million people around the world are suffering from CE.
Patients undergoing treatment will have a lower quality of
life, with an estimated annual burden of 871000 disability-
adjusted life-years with an approximate cost of USS 3
billion associated with CE including monetary burden for
treating patients and livestock-related losses.

Surgery and chemotherapy are the main modalities
of CE treatment. However, 6.5% of patients exhibits a
relapse of disease after surgery, and 2.2% post-operative
death (4,5). Several retrospective studies have been
conducted on the recurrence of CE. Findings of recent
studies demonstrated the relapse rates of CE ranges from
0-22%. Current evidence indicates that CE recurrence
is rather a technical/clinical issue and is not linked to
epidemiological variables. A number of factors including
incomplete peri-cystectomy, previous complications of
the cyst, inadequate treatment, minute spillage of the cyst,
a diameter greater than 7 cm, and extrahepatic location
are the most important determinants of CE recurrence. CE
surgery is not only complicated and should be performed
in centers familiar with hepato-thoracic surgery, but also
the management of patients with recurrent disease is
difficult (6,7).

Cystic echinococcosis in children

CE has been considered a disease of adulthood, mostly
affecting age groups within 20-59 years (4). However, CE
can be seen in early life even in patients younger than 5
years. The disease is frequently reported from children
in the endemic areas around the globe. Nevertheless
with the recent influx of immigrants from the Middle East
and North Africa to the Europe, CE is being frequently
diagnosed in children originating from endemic areas
(8,9). Therefore even in European pediatric centers, CE
should be suspected in the children with space-occupying
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lesions in thoracoabdominal cavity.

The incubation period is believed to be at least one year
to more than 5 to 15 years (4,5). Therefore, it has been
assumed that many people get infected with E. granulosus
eggs early in the childhood and the infection usually
remains asymptomatic for a long period of time depending
on the cyst size and location and may be accidentally
diagnosed during routine clinical / paraclinical workups
(10).

Specific features of CE in Children

Liver and lungs are the most common organs affected by
the parasite, but it should be noted that hydatid cysts can
be located in virtually every organ of the body. In adults 60-
70% of the cysts are hepatic, and the lungs are involved in
less than 30% of CE cases, however in children, pulmonary
hydatid disease has been reported to be up to 67% (5,11).
In addition many unusual or atypical presentations of CE
in children have been published in the literature (12).

Different patterns of hydatid cyst and multiple organ
involvement have been frequently observed in children,
probably due to the immature filtering mechanisms of
the liver and lungs during infancy and childhood, the
role of intestinal lymphatic channels in dissemination
of the parasite and different epidemiological features of
childhood echinococcosis in various endemic countries
(12,13). CE growth is believed to be faster in younger
individuals, i.e., children and adolescents, and slower in
the elderly (5,14). The growth rate of lung CE has been
estimated to be at least five-fold higher than liver CE. It is
worth noting that, negative pressure, compressible nature
and vascularization are reasons for faster growth of the
cyst in children lungs (15-18).

It is believed that children immune system is less
responsive to hydatid cysts and antibody production is
assumed to be lower in children than adults (4). Therefore
serological assays of CE in children are likely to result
in more false negative outcomes. Although several
sero-epidemiological studies have been performed for
diagnosis of CE, most serological methods are unreliable
due to poor sensitivity and specificity (19). Furthermore,
observations indicate that serology demonstrates less
sensitivity in pulmonary CE than in liver CE (20).

CE in children is more likely to be symptomatic than adults
as the proportion of internal organs occupied by the cyst
is much greater in children than the adult patients. This
is especially true for pulmonary hydatid cysts in which
children present more severe manifestations and higher
riskofcystrupture (11). Thereforeinthe pediatricage group,
low resistance of the lungs to hydatid cysts may result in
the expansion and subsequent tension pneumothorax
following rapid growth of the cyst. In such cases, to avoid
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further complications early surgical removal of the cyst
is advocated (11). Nevertheless, randomized controlled
trials are required on different treatment modalities of CE
in children as very few studies are available on the surgical
and chemotherapeutic management of CE in pediatric
settings (21).

Allergic manifestations and anaphylactic reactions are
usually observed in the ruptured hydatid cysts. More than
30% of patients with pulmonary CE present with ruptured
cysts (11,22,23). Several factors can lead to the rupture
by destroying the cyst membranes, e.g., age, anthelmintic
treatment, chemical reactions, cyst size, and host immune
system (17). The bronchopleural fistula, pneumothorax,
pleural thickening, lung collapse, large residual cavity,
and empyema are among the complications of pulmonary
hydatid cysts ruptured into the pleural or pericardial cavity
(24). Running hydatid fluid and cyst membranes into the
bronchial tree, can cause suffocation and anaphylactic
shock following cyst rupture. Age has been considered as
a risk factor for anaphylactic shock in CE, however this
warrants further investigations (25).

Another peculiar aspect of pediatric CE is that the disease
has been more frequently observed in boys than girls. This
is in contrast to the findings of several studies in adult
population indicating a slight gender difference towards
females (5,26). According to the data recently published
by the European Register of Cystic Echinococcosis the
contribution of male patients is more than females in
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children and adolescents and it is gradually declined
towards adulthood and elderly (27). While 65% of the
patients in 0-9 years age group were boys, the rate
decreased to 50% and 45% in 30-39 and 70-79 years age
groups, respectively. This is partly because of the fact that
in CE endemic countries boys spend more time in outdoor
environments and have more chance of contact with dogs
and soil, while adult females are more at risk of infection
due to the daily activities of food and vegetable preparation
and handling livestock. However our knowledge on the
nature of echinococcosis in children and adolescents is
poor.

Knowledge gaps and research needs

Considerable gaps of knowledge exist in pediatric
echinococcosis and further investigations are required
on this topic. Figure 1 demonstrated specific features
and major research and information gaps regarding
CE in children. Unfortunately the literature suffers from
shortcomings in reporting CE data in humans. One major
defect is the lack of age-specific data on many aspects of
human CE. For example in most hospital CE studies, the
cyst location has not been specified according to different
age groups. Therefore the precise distribution of the
organs involved in pediatric CE is not known. Details of the
clinical picture of CE in children have not been provided in
many studies. Natural history of childhood hydatid cysts
is not clear and reporting hydatid cyst stage according to
WHO ultrasound classification of cystic echinococcosis in
children and adolescents is almost absent in the literature.

[Cystic Echinococcosis}

of childhood

Specific features

(o Faster cyst growth

e More frequent in boys

e More false negative serology

e More likely to be symptomatic

e Frequent atypical presentations

e An Index of disease transmission and control
® Different organ distribution (rather pulmonary)/

Information gaps

(o Age-specific data

e Age-specific genotype data

e Clinical trials of non-surgical approaches

e Specific guidelines for diagnosis and treatment

e Children education and science communication

e Ultrasound screening according to WHO classification
L® Natural history and detailed clinical picture of childhood CE)

Figure 1. Cystic Echinococcosis of childhood: specific features and major research and information gaps
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Unfortunately dozens of research papers on the molecular
epidemiology of CE did not report age-specific genotype
data, therefore understanding differential contribution of
E. granulosus genotypes in the adults and children CE is
not possible. Specific guidelines for the diagnosis and
management of CE in children have not been developed,
consequently in the absence of relevant clinical trials,
the outcomes of particular interventions as well as the
pros and cons of various diagnostic and therapeutic
approaches have not been clearly demonstrated.

Regarding the long incubation period and the slow growth
of hydatid cysts in human, occurrence of CE in adults can
indicate an infection acquired in the distant past, while the
incidence of CE in children is indicative of active parasite
transmission, and this can be epidemiologically important
(28). Therefore the incidence of cystic echinococcosis
in children is an important indication of active recent
disease transmission in the endemic communities.
Frequency of CE in children reflects the recent changes
of disease transmission in endemic regions and is an
essential indicator for measuring the success of CE
control programs. (29).

CE is a neglected tropical disease (NTD) and its control
clearly deserves further attention in the endemic regions.
Thereby, the need for elaboration of specific strategies and
measures for CE control is becoming apparent in endemic
regions (30). Dog deworming, livestock vaccination and
public/professional education are the main tools of CE
control. Children as a target population, play a pivotal
role in improving public awareness and hand hygiene of
the endemic communities. An effective public education
program using mass media communication with available
digital / non-digital tools can be achieved via both families
and the schools (29).

Lack of detailed epidemiological data on children CE
is a pitfall for control programs. To resolve this issue,
CE registry systems, reliable national surveillance and
community-based ultrasound screening are of paramount
importance for providing reliable data regarding children
CE (27). A successful control plan needs commitment and
coordination of national bodies under a One Health / One
Medicine approach.

CONCLUSION

Cystic echinococcosis is a common but neglected
disease in pediatric settings in CE endemic countries.
The disease is frequently reported from children in the
endemic areas around the world. Substantial gaps of
knowledge exist in pediatric echinococcosis. Lack of age-
specific data, detailed clinical picture of CE in children,
lack of age-specific genotype data, unclear natural
history of childhood hydatid cysts and under reporting
WHO ultrasound classification of cystic echinococcosis
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in children are among the major information gaps for
understanding CE features in children. As CE in children is
animportant indication of disease transmission dynamics
and endemicity in endemic regions, further specific
studies on children CE and increased pediatric research
activities are required for implementing a successful
control program.
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