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Abstract OBJECTIVES To report on relevant national surveillance systems of (N)CC and taeniasis (the infection
with the adult tapeworm) in the European Union/European Economic Area and to assess the
magnitude of (N)CC occurrence by retrieving information on cases for the period 2000-2016.
METHODS (N)CC cases were retrieved via national reporting systems, a systematic literature search,
contact with clinicians and a search for relevant ‘International Statistical Classification of Diseases
and Related Health Problems’ (ICD)-based data.

RESULTS Mandatory notification systems for (N)CC were found in Hungary, Iceland and Poland.
Ten cases were reported in Poland and none in Hungary and Iceland. Through the systematic
literature review and information given by clinicians, 263 individual and 721 aggregated (N)CC cases
from 19 European countries were identified. ICD-based data were obtained from five countries. From
2000 to 2016, a total of 3489 cases (N)CC cases were coded: 832 in Italy, eight in Latvia, 357 in
Portugal, 2116 in Spain and 176 in Sweden.

CONCLUSION Despite being classified as a possible eradicable disease, (N)CC is still diagnosed across
Europe, yet its true extent and impact remain unclear.
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Introduction

Human (neuro)cysticercosis (N)CC is a neglected tropical
parasitic disease caused by the metacestode larval stage
of the zoonotic tapeworm Taenia solium. The parasite
has a complex life cycle involving both humans and pigs,
causing two distinct diseases in humans, namely taeniasis
and (N)CC, and (N)CC in pigs. Taeniasis is the intestinal
infection with the adult T. solium tapeworm resulting
from consumption of undercooked infected pork,
whereas the infection with the metacestode larval stage is
called cysticercosis (CC) and is due to faecal-oral inges-
tion of T. solium eggs. When the central nervous system
is affected, it is referred to as neurocysticercosis (NCC)
[1-3].

Cysticerci can persist in the brain for several years
before patients become symptomatic, or patients can
remain asymptomatic [2—4]. Symptoms and signs often
result from degeneration of cysticerci and the associated
host immune reaction and are pleomorphic [1-3]: the
most common symptoms are epileptic seizures, various
types of headaches, focal neurological deficits and signs
of increased intracranial pressure [5]. Neurological mani-
festations depend on the number (single or multiple), size,
location (e.g. intraparenchymal and extraparenchymal)
and stage of the cysticerci (viable or calcified) and on the
host’s immune response [3].

Taenia solium taeniasis/(neuro)cysticercosis (TSTC) is a
preventable and potentially eradicable disease complex
[6]. Despite this, T. solium still has a considerable health
and economic impact worldwide, being ranked first
among food-borne parasites worldwide by the Food and
Agriculture Organization of the United Nations (FAO)
and WHO [7,8]. In endemic areas, (N)CC accounts for
around one-third of epilepsy cases [9]. The global burden
of human CC was estimated to be 1.61 million DALYs
in 2017 [10].

A possible re-emergence of (N)CC in Europe has been
discussed by experts in recent years, as several risk fac-
tors such as human travel and migration, importation of
pigs/pork, changes in pig rearing and meat inspection
practices as well as possible ongoing autochthonous
transmission could favour the spread of the parasite [11-
18]. Other high-income countries (e.g. USA, Canada)
have reported a recent increase in (N)CC cases, thus rais-
ing the question as to whether an increase of TSTC cases
in Europe could be detected in a timely manner [19,20].

Surveillance of infectious diseases is key to their sus-
tained control, elimination and eradication. The Euro-
pean Centre for Disease Prevention and Control routinely
collects data on 56 communicable diseases and related
health issues from the European Union Member States

and from Iceland, Norway and Liechtenstein, the three
participating countries of the European Economic Associ-
ation/European Free Trade Association [21,22]. TSTC is
not part of the indicator-based surveillance by ECDC,
but that does not exclude surveillance at national level.
However, no comprehensive compilation of existing
national surveillance systems regarding (N)CC is avail-
able to date.

The aim of the present study was, therefore, to report
on current surveillance systems for TSTC implemented in
Europe and to assess the magnitude of (N)CC occurrence
in Europe. This study was embedded in CYSTINET
(European Network on taeniasis/cysticercosis, COST
Action TD 1302), a network aiming to improve knowl-
edge and understanding of this zoonotic disease complex
in Europe.

Methods

Mandatory reporting of Taenia solium taeniasis/
cysticercosis and registries

First, countries with a mandatory notification for TSTC
in Europe were identified through an online search for
national laws on infectious disease control, a question-
naire for CYSTINET members; experts from the Euro-
pean Creutzfeld-Jakob Disease Surveillance Network,
who provided missing information on the infectious dis-
ease control laws of respective countries; and through
personal contacts [23]. Included countries were the EU
member states plus Iceland, Norway, Liechtenstein, the
Republic of North Macedonia, Serbia and Switzerland.
Information on registries for TSTC was also collected
through a questionnaire distributed among participants at
the CYSTINET international conference in Belgrade, Ser-
bia (3—4 November 2015).

Data collection regarding (neuro)cysticercosis cases

Subsequently, data on (N)CC were retrieved via extrac-
tion of notified cases from countries with a mandatory
notification system for (N)CC, a systematic literature
search of (N)CC case reports/case series and observa-
tional studies (including the search of grey literature), a
collection of unpublished (N)CC case reports/aggregated
data through clinicians and laboratories, and country-
level data based on International Statistical Classification
of Diseases and Related Health Problems (ICD) codes.
The study protocol for the literature search was based
on the PRISMA-P statement [24] and was registered at
PROSPERO (CRD42016050729). Institutional Review
Board approval for retrospective analysis of anonymised
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patient data was obtained from the Technical University
of Munich.

Data based on mandatory reporting of Taenia solium
taeniasis/cysticercosis and registries

Data on notified (N)CC cases from countries with previ-
ously identified mandatory notification systems were
extracted from pertinent publications [25-27].

Systematic literature search

For the systematic literature search, only studies reporting
on neurocysticercosis cases (case report/case series or
aggregated data) in Europe were considered. Europe was
defined as all EU/EEA member states, candidate countries
for EU membership (except Turkey as most of its territory
belongs to Asia), potential candidates, all Schengen coun-
tries and other small European countries. Further prede-
fined inclusion and exclusion criteria are listed in the
Appendix S1. No language restrictions were applied. Liter-
ature published between January 1st, 1990 and November
20th, 2016 was included; however, for data extraction, we
considered literature published from January 1st, 2000.

The following databases were used: PubMed,
EMBASE, Web of Science, Global Index Medicus (limited
to Regional Databases LILACS, AIM, WPRIM, IMSEAR,
IMEMR), Global Health (CABI), as well as OAlster and
Open Grey. The search terms and date of search are
described in Appendix S1. Additionally, reference lists
from other reviews were checked for relevant records
[11,13,17] and CYSTINET-Europe members searched
grey literature in their respective countries.

Regarding the online-published literature, four indepen-
dent reviewers screened the search results from PubMed,
EMBASE, Web of Science, Global Index and Global
Health by means of the Covidence tool (AA, JB, PS, CU)
[28]. Two independent votes from any of the reviewers
were necessary for inclusion/exclusion of literature. In
case of disagreement and where a decision could not be
taken after referring to the inclusion/exclusion criteria,
another expert was asked.

As the first step, publications worldwide were included
or excluded based on title and abstract. Then a geograph-
ical restriction was applied: all previously included case
reports/series and observational studies were imported in
an Excel file with information on title and abstract and
filtered by European country names and other related
terms (Appendix S1) and further included. These publica-
tions were then screened in full.

A pilot of the study selection process was undertaken
by all the reviewers to check accuracy and applicability

of these criteria and to get familiar with the work. No
masking or blinding (journal, author, institution etc.) was
performed, as those were considered unlikely to influence
the search. Grey literature, comprising papers in local
languages, conference abstracts and doctoral theses, was
identified by searching OAlster and Open Grey and with
the help of CYSTINET members. All presentations at all
CYSTINET meetings (2014-2017) were also systemati-
cally searched for relevant information.

Collection of unpublished data

For the search of unpublished data and additional grey
literature, a questionnaire was distributed among the par-
ticipants at the CYSTINET international conference in
Belgrade (2015). CYSTINET members from 29 partici-
pating countries were asked to provide or indicate
sources of information, contact details of local experts
and data on patients [29]. In Romania and the United
Kingdom, institutional approval was necessary and
obtained. Participants were reminded of this project by
email and at all following CYSTINET meetings and con-
ferences over the next three years (2015-2017).

Data based on ICD codes

Data based on ICD codes were requested from respective
national authorities or searched online at the respective
institutes’ homepages.

Data extraction and analysis

Publications eligible for data extraction were further
restricted on time (1st of January 2000 to the 20th of
November 2016), as the aim of the study was to give an
overview of recent data and previous publications had
already dealt with older data. Data from publications
were extracted in an Excel sheet by five researchers (AA,
MK, RM, DS, AF) and checked for plausibility and con-
sistency (AA, DS). All variables and response possibilities
were predefined. For the data analysis, R (3.5.1) and
EMMa (ECDC map maker; a mapping application cre-
ated by ECDC) were used [30,31].

Results

Mandatory reporting of Taenia solium taeniasis/
cysticercosis and registry

Information regarding mandatory notification of TSTC
was identified for 29 of the 34 included countries (infor-
mation could not be obtained from Czech Republic,
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Cyprus, Liechtenstein, Lithuania and Slovakia) [23]. An
overview of these results is presented in Table 1. Solely
laboratory-based reporting of these diseases cannot be
excluded.

Notification of (N)CC is mandatory in Hungary, Ice-
land and Poland, and notification of taeniasis is manda-
tory in Hungary, Slovenia, Croatia and the Republic of
North Macedonia. When looking in detail into the infec-
tious disease control legislation in Hungary, (N)CC was
mentioned in the taeniasis section. Therefore, we assumed
that both diseases must be notified there. In Portugal, the
Taeniasis and Cysticercosis Observatory is being imple-
mented aiming at a One Health-based national disease
surveillance system for sustainable health protection. This
is the only registry in Europe for (N)CC.

(Neuro)cysticercosis cases in Europe: Results of the
systematic literature search

A total of 13 777 publications were retrieved by search-
ing PubMed, EMBASE, Web of Science, Global Index
and Global Health (CABI). Another 54 publications were
identified by searching OAlster, Open Grey, CYSTINET
presentations and through personal communication.

After deduplication, 10 037 publications remained. Of
these, 1756 case reports/series and observational studies
on (N)CC worldwide were selected based on title and
abstract screening. The internal search to limit the
results geographically revealed 296 publications. The full
text of those publications was screened, and 210 publi-
cations were included. After restricting to publications
from the year 2000 onwards, 134 publications (see
Appendix S2 and Appendix S3) reporting on individual
cases or smaller case series (in which data on individual
patient level was reported) and 22 publications with
aggregated data on (N)CC cases and two serological
based studies were finally included, and data extracted.
Figure 1 shows the flow chart on the screening process
for publications.

Results of individual patient data — published and
unpublished

A total of 263 cases were identified from published and
unpublished literature: 198 individual cases from the 134
included papers and 65 unpublished cases (34 cases from
England and Wales (2001-2017) and 31 cases from
Romania (2000-2014)). Among these cases, 106 were
male and 134 female (not known: 24) with a mean age
of 37418 years. Clinical details of 26 UK cases between
2001 and 2015 have since been published as a case
series [49].

Table | Mandatory surveillance for Taenia solium taeniasis/cys-
ticercosis

Reporting  Reporting

EU/EEA states for (N)CC for taeniasis

Austria No*,t No*
Belgium Not Not
Bulgaria No** No**
Cyprus - -
Croatia No** Yes**
Czech Republic - -
Denmark No* No*
Estonia No** No**
Finland Nof Not
France Not Not
Germany No*,t No*,t
Greece Not Not
Hungary Yest Yest
Iceland Yest Not
Ireland No¥ Not
Italy No*,f No*,f
Latvia Noi No**
Liechtenstein - -
Lithuania - -
Luxembourg Not Not
Malta No¥ Not
Netherlands Not Not
Norway No* No*
Poland Yest Not
Portugal No* No*
Romania No** No**
Slovakia - -
Slovenia No* Yes*
Spain No* No*
Sweden Nof Not
United Kingdom No* No§
Additional countries from CYSTINET

North Macedonia No* Yes

Serbia No* No*,1

Switzerland No Not

Overview of mandatory reporting for TSTC in Europe based on
results from the questionnaire within CYSTINET network,
results from the online search on national laws on infectious dis-
ease control and information through personal contact as well as
ECDC [23,32-47]. -: not available.

*Results from the questionnaire within CYSTINET network.
+Results from the online search.

**Information through personal contact and ECDC.

tTaeniasis was notifiable in Serbia between 1997 and 2004.
§Taenia infections are to be reported based on the ‘Laboratory
reporting to Public Health England’ (England, Wales and North-
ern Ireland).[48]

Of all published individual cases, 11 were autochtho-
nous, that is, defined as cases without a migration back-
ground where a travel history outside the patient’s
country was excluded. Among the unpublished cases, 29

© 2020 The Authors Tropical Medicine & International Health Published by John Wiley & Sons Ltd 569
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Figure | Results of the literature search. Systematic literature search for individual (N)CC patient data and aggregated data. [Colour
figure can be viewed at wileyonlinelibrary.com]

cases from Romania were classified as autochthonous (37%), Africa (26%), Asia (23%), Europe (8%) and else-
[50-59]. Most published case reports mentioned a travel where (7%). Regarding the unpublished cases, in Roma-
and/or migration background, mostly from Latin America nia two cases were related to travel history, whereas all
570 © 2020 The Authors Tropical Medicine & International Health Published by John Wiley & Sons Ltd

858017 SUOWILLOD @A 181D 3cedl (dde ayy Aq pausenob ae ssjolie YO ‘@S Jo ss|n. 10y Ariq18UIUO AB]IM UO (SUOTIPUOD-PUB-SWIBIW0D A8 |IM A eI 1 Ul |UO//SdIL) SUORIPUOD pUe SWie | 38U 8eS *[£202/20/ST] Uo AkeiqiTauluo Ae|Im 20asi18a BAON apepisAIuN AQ ¥BEET  IWY/TTTT OT/I0pAW0D A8 |im AeIq Ul |uo//Schy Woj pepeoumoq ‘G ‘0202 ‘9STESIET


www.wileyonlinelibrary.com

Tropical Medicine and International Health

VOLUME 25 NO § PP §66—578 MAY 2020

A. Abraham et al. Human neurocysticercosis in Europe

patients from England and Wales had a travel and/or
migration background.

The most common clinical presentations were headache
(52%), epileptic seizures(s) (42%) and focal neurological
signs (38%).

Results of the aggregated data

Two types of aggregated data were identified: hospital-
based and serological studies. Through 22 hospital-
based studies (including studies with inpatient and out-
patient services), a total of 721 (N)CC cases were iden-
tified [60-81]. Ten of these studies were performed in
Spain, six in Serbia and two in Portugal. Diagnostic
criteria were often not reported (17 studies); one study
used the criteria published by Carpio et al. [65] and
four studies mentioned the Del Brutto criteria
[67,70,79,81]. Furthermore, serology and imaging were
not always described in sufficient detail to permit
reassessment of the cases according to current diagnos-
tic criteria.

Of the 721 (N)CC patients, 266 were males and 287
females (for the other patients, no information was pro-
vided). The main risk factors for (N)CC reported by
patients were travelling and migration to and from
highly endemic regions [62,73,78,80,81]; other risk fac-
tors were previous T. solium taeniasis [62,65], close
contact with a T. solium tapeworm carrier [65,75], low
socio-economic conditions [67], working in the food
industry, contact with pigs and living in rural areas
[71]. An overview of the included studies is presented in
Table 2.

Five additional serology-based studies were identified
[82-86]; two of them are summarised below, while the
other three studies reported on individual patient data
and were, therefore, summarised together with the other
(N)CC case reports/series [84-86]. Gomez-Morales and
colleagues from the Istituto Superiore di Sanita in Rome
— the European Union Reference Laboratory for Parasites
— used an enzyme-linked immunoelectrotransfer blot
(EITB) assay to identify 59 CC-positive serum samples
for T. solium among 1247 sera tested (4.7%) between
2001 and 2014. The sera came from patients with neuro-
logical symptoms/signs or with lesions compatible with
NCC [82].

Mestrovic et al. (2012) retrospectively analysed sera of
770 Croatian patients with diagnosed epilepsy who were
referred to the Croatian National Institute of Public
Health between 2005 and 2009. A commercial qualita-
tive enzyme immunoassay, plus a Western blot technique
as a confirmatory test, yielded 11 samples (1.5%) with T.
solium CC antibodies [83].

Mandatory notification of (N)CC in Europe

Data from all the three countries where (N)CC is manda-
torily notifiable were identified for the period of 2000 to
2016. (N)CC seems to be either absent (Hungary and Ice-
land) or only sporadic, as in Poland in the past years: 1
case in 2006, 2008 and 2015; 2 cases in 2010 and 2011
and 3 cases in 2013.

ICD-based data

ICD-based data for (N)CC were obtained for five coun-
tries: Italy (832), Latvia (8), Portugal (357), Spain (2116)
and Sweden (176) for the time period 2000-2016

(Table 3/Figure 2) [17,89-94]. The data sources varied
by country (Table 3).

Discussion

An objective of this study was to assess the frequency of
(N)CC cases in the EU between the years 2000 and 2016
based on various sources. Cases were consistently
reported across a wide range of countries: 198 individual
published (N)CC cases, 65 individual unpublished (N)CC
cases, 721 (N)CC cases from hospital-based data, 70
cases from serological studies, 3489 (N)CC cases from
ICD-based data and 10 (N)CC cases from mandatory
notification systems. Cases were mostly travel and migra-
tion-related with a mean age of 37 and a slightly higher
female proportion (56%) among the published and
unpublished case reports where this information was
available. Autochthonous cases were also identified.
These results are in line with previous findings, raising
the question as to what extent the full life cycle of T.
solium is still completed in Europe [11-13,15-18].

In our study, we combined data from various sources,
which differentiates this manuscript from recently pub-
lished literature reviews on CC in Europe, thereby making
the assessment more comprehensive [15,18]. However, the
following limitations remain: (i) Due to restrictions to full
text access to publications, some (N)CC case descriptions
could not be retrieved. Neither were all cases published in
the past (publication bias). (ii) The search for published lit-
erature focused exclusively on NCC patients and did not
include CC patients. NCC patients present with more sev-
ere symptoms and constitute the majority of cases, but the
integration of CC patients would have added to complete
the picture of disease transmission. (iii) Regarding unpub-
lished cases and ICD-based cases, data collection is highly
dependent on research cooperations and therefore incom-
plete. (iv) Data reliability is often difficult to assess, as the
data are retrospective and originate from heterogeneous
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Table 2 Overview of aggregated data. Hospital-based studies identified through literature search and personal contacts

Country/ Number of Mean/(median)
Author and year Continent Study period  (N)CC cases Male age at diagnosis  Migrants
Studies identified through literature search
Terraza et al. 2001 [80] Spain 1990-2000 10 4 (40%) - 7110 (70%)
Overbosch et al. 2002 [62] Europet 1996-2000 45 - - -
Lobo et al. 2003 [69] Spain 19982002 16 6(38%) 30 15/16 (94%)
Pérez-Lopez et al. 2003 [75] Spain 2000-2001* 8 4 (50%) 27 8/8 (100%)
Roca et al. 2003 [78] Spain 1992-2002 23 13 (57%) 33% 17123 (74%)
Esquivel et al. 2005 [65] Spain 1990-2002 20 7 (35%) 37 17/20 (85%)
Ferreira et al. 2006 [67] Portugal 1996-2003 14 4 (29%) 10% 13/14 (93%)
Fernandez-Dominguez et al. 2007 [66]  Spain 1996-2006 38 - - 15/38 (40%)
Mas-Sesé et al. 2008 [70] Spain 1997-2005 23§ 14 (61%) 30% 20123 (87%)
Milovanovic et al. 2008 [71] Serbia 2005-2006* 12 4 (33%) 56 -
Parra et al. 2009 [74] Spain 1990-2008 19 - 39 13/19 (68%)
Cruz et al. 2010 [61] Switzerland ~ -*q 6 2 (33%) - 46 (67%)
Ramos et al. 2011 [77] Spain 2001-2010% 10 } ; 10/10 (100%)
Ruiz et al. 2011 [79] Spain 1996-2009 35%* 24 (69%) 30 35/35 (100%)
Janudrio et al. 2015 [87] Portugal ST 15 9 (60%) - -
Zammarchi et al. 2015 [81] Italy, Spain ~ 1980-2013 81 33 (41%) 30 66/81 (81%)
Pages et al. 2016 [73] France 2010-2015* 58 27 (47%) 44 10/53 (19%)
Studies identified through personal contacts
Doder et al. 2002 [63] Serbia 1997-2001 13 8 (62%) 49 -
Nikolic et al. 2006 [72] Serbia 2000-2004* 60 - - -
Poluga et al. 2013 [76] Serbia 2006-2010* 22 10 (46%) 51 -
Dulovic et al. 2014 [64] Serbia 2006-2013* 25 11 (44%) 52 -
Bobic et al. 2015 [60] Serbia 1990-2014 168 86 (51%) 46 -

(N)CC, (neuro)cysticercosis; -, not available.

*Data entered for calculating results for the map.

tAustria (1), France (8), Germany (6), Norway (1), The Netherlands (14), Spain (9), Switzerland (1), Czech Republic (3) and the UK (2).
1Median age.

§23 according to the Del Brutto criteria [88], 5 patients definitive cases, 18 probable cases.

YLast 10 years.

**Del Brutto definitive criteria of disease [88]: 12 patients (34.28%), probable diagnosis: 21 patients (60%) and two patients (5.72%)
did not meet sufficient criteria (only coming from areas endemic and presented cystic lesions suggestive of NCC by imaging criteria).
+1The last five years.

sources over many years. (v) It is to be assumed that not all emerging in Europe due to migration and travel patterns.
(N)CC cases have been correctly classified/diagnosed. (vi) Yet our review is the most comprehensive data collection
ICD-based data are dependent on the health system in on (N)CC in Europe to date.

place and the statistics used to aggregate it; thus, compar-
ison of these data between countries is difficult. Moreover,
the use of ICD codes for retrieval of TSTC cases was
shown to be far from faultless in a study in Belgium [95].

Is enhanced surveillance of the disease complex Taenia
solium taeniasis/cysticercosis required in Europe?

Some authors took measures to ensure higher quality: Vil- Considering that (N)CC is a disease with an important
hena et al. (2017), for example, checked ICD-based data global health impact, that it is potentially eradicable, that
manually if the supporting diagnostic code was consistent tools exist to take public health action and that (N)CC is
with neurological disease manifestations such as epilepsy present in Europe (albeit in low numbers), the question
[91]. arises whether enhanced indicator-based surveillance for
Due to all these limitations, we consider our data — TSTC is required in the EU/EEA. To answer this ques-
even though we used a holistic approach for data acquisi- tion, we refer to the criteria listed by the European Com-
tion — to be just the tip of the iceberg, neither allowing mission for the ‘selection of communicable diseases of
for accurate prevalence/incidence measures nor making a special areas to be covered by epidemiological surveil-
definite statement as to whether or not (N)CC is re- lance within the network’:
572 © 2020 The Authors Tropical Medicine & International Health Published by John Wiley & Sons Ltd
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Figure 2 Mapping of ICD-based data and mandatory notification cases on cysticercosis as well as individual and aggregated patient

data on (N)CC.

would be an asset. Even if a wider knowledge base were
available through the high number of cases worldwide, it
cannot be ruled out that there are specific characteristics
of (N)CC cases in Europe, for example, due to environ-
mental, genetic or sociocultural risk factors. Applicability
of criterion 3 can, therefore, not be dismissed, even if a
strong collaboration with experts in endemic regions is
certainly very important.

Possible advantages of a mandatory notification would
have to be balanced against disadvantages. In particular,
the added value of information on TSTC gained through
reporting needs to outweigh the necessary intrusion of
patients’ privacy and additional resources needed for
reporting and monitoring such as money, time and effort
involved in mandatory notification.

Additionally, there are some characteristics of the dis-
ease complex that render surveillance challenging:
Patients infected with the adult T. solium tapeworm
often present without or with only mild symptoms. In
NCC, a delay between infection and presentation of
symptoms of up to several years makes it difficult to
assess time, place and source of infection; also, infected
persons may stay asymptomatic. NCC is often misdiag-
nosed, as none of the symptoms/signs are pathog-
nomonic and therefore cannot unequivocally be linked

to NCC. This aspect is especially challenging in a set-
ting where NCC is rare and health personnel may not
be familiar with the disease. Relapses of symptoms/signs
and chronicity may be frequent, making it difficult to
determine whether the patient was already counted.
Availability and quality of serological tools to correctly
identify (N)CC cases are often insufficient, as is the
expertise to correctly interpret those results. There is
ongoing scientific controversy about NCC case defini-
tions; and the control of (N)CC would involve experts
from various scientific disciplines including veterinarians,
medical doctors and other experts at an animal-human-
ecosystem interface (‘One Health approach’), which can
be difficult to achieve.

To conclude, despite some of the EU surveillance crite-
ria being fully or partially fulfilled, more conclusive evi-
dence would be needed to justify the introduction of a
mandatory surveillance system for TSTC in Europe,
including a more profound analysis and assessment of
potential risk factors for acquisition of (N)CC in Europe.
Irrespective of the question of surveillance, some mea-
sures are advisable, such as improvement of the quantity
and quality of data on prevalence and incidence of (N)
CC and the provision of capacity and expertise for accu-
rate diagnosis and treatment of cases in both humans and

574 © 2020 The Authors Tropical Medicine & International Health Published by John Wiley & Sons Ltd

850807 SUOWIWIOD BA e8I 3|dedljdde aup A pausenob ae sajpiife YO ‘8sN JO SaInJ 10} A%eid1T8uI|UO /8|1 UO (SUORIPUOD-PUR-SLULBI LD AB 1M ARe.d 1 |Bul[UO//:SANY) SUORIPUOD Pue swie | 8y} 88s *[£202/20/ST] Uo Ariqi]auluO 3|1 B0gsI]2Q BAON 8pepsieAln AQ #8EET IWY/TTTT OT/I0p/L00" A3 |1M Ake.q1|pulUo//:Sdny Wo.j pepeojumod ‘G ‘0202 ‘9STESIET



Tropical Medicine and International Health

VOLUME 25 NO § PP §66—578 MAY 2020

A. Abraham et al. Human neurocysticercosis in Europe

animals. For an evidence-based prioritisation of diseases
for surveillance, experts from various backgrounds,
actors using surveillance data on a regular basis and dif-
ferent stakeholders must work together.

Conclusion

This work contributes to a better understanding of the
epidemiology and surveillance of (N)CC in Europe,
demonstrating the occurrence of (N)CC cases throughout
Europe over a period of 16 years. Given that reporting
mechanisms are not uniform, data are fragmented and
reliable incidence/prevalence measures for (N)CC in Eur-
ope are not available, firm conclusions about the actual
disease burden are impossible. Further research on how
to use ICD-based data reliably or on other ways to
obtain good-quality data in a cost-effective way is
needed. While most (N)CC cases are associated with tra-
vel to or migration from an endemic area, the potential
for autochthonous transmission from T. solium carriers
seems to coexist. Therefore, and because disease trans-
mission dynamics might change, a more profound analy-
sis and assessment of potential risk factors for acquiring
(N)CC in Europe is needed.

Acknowledgements

This work is a collaborative effort within the framework
of CYSTINET, the European network on taeniasis/cys-
ticercosis, COST ACTION TD1302. We want to express
our gratitude to Johanna Takkinen and Polya Rosin for
hosting the first author for a ‘short-term scientific mis-
sion’ in collaboration with and funded through CYSTI-
NET at ECDC. We also thank Bernadette Abela-Ridder
and Tomas Allen from WHO for their support with the
literature search. Furthermore, we acknowledge Cesar A.
Ugarte-Gil for his help with literature screening. We
appreciate the translation from Polish to English by
Natan Napidrkowski and thank Francesco Bevere (Italian
Ministry of Health), Pietro Granella (Italian Ministry of
Health) for providing data on hospitalisation for cysticer-
cosis/taeniasis in Italy during the period 2001-2010 and
Andrea Urbani (Italian Ministry of Health), Pietro Gran-
ella (Italian Ministry of Health), Valeria Mantenuto (Ital-
ian Ministry of Health) for providing data on
hospitalisation for cysticercosis/ taeniasis in Italy during
the period 2011-2016. In addition, we acknowledge
Antra Bormane for sharing data on cysticercosis from
Latvia and Ewan Hunter for his contribution on (N)CC
cases from the UK. We remain deeply saddened by the
loss of our highly respected colleague, Teresa Garate.
Teresa set an example for empathic leadership coupled

with profound knowledge in her chosen research field,
the diagnostics of parasitic diseases and true collegiality.
She was indispensable for the success of CYSTINET.
Finally, we thank all members of CYSTINET for their
great support and continuous collaboration.

References

1. Garcia HH, Gonzalez AE, Evans CA, Gilman RH. Taenia
solium cysticercosis. Lancet 2003: 362: 547-556.

2. Garcia HH, Nash TE, Del Brutto OH. Clinical symptoms,
diagnosis, and treatment of neurocysticercosis. Lancet Neu-
rol 2014: 13: 1202-1215.

3. Winkler AS, Richter H. Landscape analysis: management of
neurocysticercosis with an emphasis on low-and middle-in-
come countries. World Health Organization; 2015.

4. Del Brutto OH, Garcia HH. Neurocysticercosis in nonen-
demic countries: time for a reappraisal. Neuroepidemiology
2012: 39: 145-146.

5. Carabin H, Ndimubanzi PC, Budke CM et al. Clinical
manifestations associated with neurocysticercosis: a system-
atic review. PLoS Negl Trop Dis 2011: 5: e1152.

6. Centers for Disease Control Prevention. Recommendations
of the international task force for disease eradication. Morb
Mortal Wkly Rep 1993: 42: 1-38.

7. Food and Agriculture Organization/World Health Organi-
zation. Multicriteria-based ranking for risk management of
food-borne parasites. (Available from: https://apps.who.int/
iris/bitstream/handle/10665/112672/9789241564700_eng.
pdfsjsessionid=612553ESEADFFIB1BF984E7DD44EE334?
sequence=1). [11 Dec 2019]

8. World Health Organization. 10 facts about neurocysticer-
cosis: Neurocysticercosis is prevalent mainly in developing
countries. (Available from: http://www.who.int/features/fac
tfiles/neurocysticercosis/photos/en/index4.html). [11 Dec
2019]

9. Ndimubanzi PC, Carabin H, Budke CM et al. A systematic
review of the frequency of neurocyticercosis with a focus on
people with epilepsy. PLoS Negl Trop Dis 2010: 4: e870.

10. Kyu HH, Abate D, Abate KH et al. Global, regional, and
national disability-adjusted life-years (DALYs) for 359 dis-
eases and injuries and healthy life expectancy (HALE) for
195 countries and territories, 1990-2017: a systematic anal-
ysis for the Global Burden of Disease Study 2017. Lancet
2018: 392: 1859-922.

11. Del Brutto OH. Neurocysticercosis in Western Europe: a
re-emerging disease? Acta Neurol Belg 2012: 112: 335-43.

12. Devleesschauwer B, Allepuz A, Dermauw V et al. Taenia
solium in Europe: Still endemic? Acta Trop 2017: 165: 96-99.

13. Fabiani S, Bruschi F. Neurocysticercosis in Europe: Still a
public health concern not only for imported cases. Acta
Trop 2013: 128: 18-26.

14. Gabriel S, Johansen MV, Pozio E et al. Human migration
and pig/pork import in the European Union: What are the
implications for Taenia solium infections? Vet Parasitol
2015: 213: 38-45.

© 2020 The Authors Tropical Medicine & International Health Published by John Wiley & Sons Ltd 575

858017 SUOWILLOD @A 181D 3cedl (dde ayy Aq pausenob ae ssjolie YO ‘@S Jo ss|n. 10y Ariq18UIUO AB]IM UO (SUOTIPUOD-PUB-SWIBIW0D A8 |IM A eI 1 Ul |UO//SdIL) SUORIPUOD pUe SWie | 38U 8eS *[£202/20/ST] Uo AkeiqiTauluo Ae|Im 20asi18a BAON apepisAIuN AQ ¥BEET  IWY/TTTT OT/I0pAW0D A8 |im AeIq Ul |uo//Schy Woj pepeoumoq ‘G ‘0202 ‘9STESIET


https://apps.who.int/iris/bitstream/handle/10665/112672/9789241564700_eng.pdf;jsessionid=612553E8EADFF9B1BF984E7DD44EE334?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/112672/9789241564700_eng.pdf;jsessionid=612553E8EADFF9B1BF984E7DD44EE334?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/112672/9789241564700_eng.pdf;jsessionid=612553E8EADFF9B1BF984E7DD44EE334?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/112672/9789241564700_eng.pdf;jsessionid=612553E8EADFF9B1BF984E7DD44EE334?sequence=1
http://www.who.int/features/factfiles/neurocysticercosis/photos/en/index4.html
http://www.who.int/features/factfiles/neurocysticercosis/photos/en/index4.html

Tropical Medicine and International Health

VOLUME 25 NO § PP §66—578 MAY 2020

A. Abraham et al. Human neurocysticercosis in Europe

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

576

Laranjo-Gonzalez M, Devleesschauwer B, Trevisan C et al.
Epidemiology of taeniosis/cysticercosis in Europe, a system-
atic review: Western Europe. Parasit Vectors 2017: 10:
349.

Patamia I, Nicotra P, Amodeo D, Giuliano L, Cicero CE,
Nicoletti A. Geo-helminthiasis among migrants in Sicily: a
possible focus for re-emerging neurocysticercosis in Europe.
Neurol Sci 2017: 38: 1105-1107.

Zammarchi L, Strohmeyer M, Bartalesi F et al. Epidemiol-
ogy and management of cysticercosis and Taenia solium
taeniasis in Europe, systematic review 1990-2011. PLoS
ONE 2013: 8: €69537.

Trevisan C, Sotiraki S, Laranjo-Gonzalez M et al. Epidemi-
ology of taeniosis/cysticercosis in Europe, a systematic
review: eastern Europe. Parasit Vectors 2018: 11: 569.

Del Brutto OH. A review of cases of human cysticercosis
in Canada. Can | Neurol Sci 2012: 39: 319-322.

Serpa JA, Graviss EA, Kass JS, White AC Jr. Neurocysticer-
cosis in Houston, Texas: an update. Medicine (Baltimore).
2011: 90: 81-86.

European Centre for Disease Prevention and Control
(ECDC). ECDC activities on surveillance. (Available from:
https://ecdc.europa.eu/en/about-uswhat-we-do/ecdc-activitie
s-surveillance). [11 Dec 2019].

European Centre for Disease Prevention and Control
(ECDC). Diseases and special health issues under EU
surveillance. (Available from: https://ecdc.europa.eu/en/all-
topics-z/surveillance-and-disease-data/diseases-and-special-
health-issues-under-eu-surveillance). [11 Dec 2019].
Abraham A. Review of the current epidemiological situa-
tion of neurocysticercosis in Germany and surveillance
mechanisms of neurocysticercosis, cysticercosis and taenio-
sis in Europe. Unpublished master thesis 2016.

Moher D, Shamseer L, Clarke M et al. Preferred reporting
items for systematic review and meta-analysis protocols
(PRISMA-P) 2015 statement. Systematic Rev. 2015: 4: 1.
Embeettilandlaeknis. Statistics on diseases. (Available from:
https://www.landlaeknir.is/english/statistics/diseases/). [14
July 2019].

Kucsera I, Danka J, Mezei E, Orosz E. Taeniosis diagnosed
during last 15 years in National Center for Epidemiology.
Poster presented at: 1st CYSTINET International Confer-
ence; 2015 Nov 03-04; Belgrade, Serbia; 2015

Narodowy Institut Zdrowia Publicznego. Reports on cases
of infectious diseases and poisonings in Poland (Available
from: http://wwwold.pzh.gov.pl/oldpage/epimeld/index_p.
heml#01). [14 July 2019].

Veritas Health Innovation. Covidence systematic review
software Melbourne, Australia. (Available from: www.covi
dence.org). [11 Dec 2019].

CYSTINET. European Network on Taeniosis/Cysticercosis
(Available from: http://www.cystinet.org/) [11 Dec 2019].
European Centre for Disease Prevention and Control
(ECDC). EMMa: ECDC Map Maker. (Available from:
https://ecdc.europa.eu/en/publications-data/ecdc-map-make
r-tool-emma.) [11 Dec 2019].

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

R Studio Team. The R Project for Statistical Computing
(Available from: https://www.r-project.org/about.html). [11
Dec 2019].

Meldepflichtige Krankheiten in Osterreich 2016 (Available
from: http://www.infektionsnetz.at/TextExtMeldepflicht.
phtml). [March 2016].

18/1998. (VL. 3.) NM rendelet a fert6z6 betegségek és a
jarvdnyok megel6zése érdekében sziikséges jarvanyligyi
intézkedésekrdl 2019 (Available from: http://net.jogtar.hu/
jr/gen/hjegy_doc.cgi?docid=99800018.NM). [11 Dec 2019].
Bundesamt fiir Gesundheit BAG. Meldeformulare fiir mel-
depflichtige Infektionskrankheiten. 2019. (Available from:
https://www.bag.admin.ch/bag/de/home/krankheiten/infek
tionskrankheiten-bekaempfen/meldesysteme-infektionskra
nkheiten/meldepflichtige-ik/meldeformulare.html). [11 Dec
2019].

Bundesministerium der Justiz und fiir Verbraucherschutz.
Gesetz zur Verhiitung und Bekimpfung von Infektion-
skrankheiten beim Menschen 2019 (Available from: http://
www.gesetze-im-internet.de/ifsg/index.html). [11 Dec
2019].

Health Protection Surveillance Centre. Notifiable Diseases
and their respective causative pathogens specified to be
Infectious Diseases under Infectious Diseases (Amendment)
Regulations 2015 (S.I. No. 566 of 2015) 2016 (Available
from: http://www.hpsc.ie/notifiablediseases/listofnotifiabled
iseases/File,678,en.pdf.) [March 2016].

EpiCentro. Malattie infettive 2019 (Available from: www.e
picentro.iss.it/infettive/). [14 July 2019].
Folkhilsomyndigheten. Epidemiologisk arsrapport 2014.
(Available from: http://www.folkhalsomyndigheten.se/pagef
iles/23059/Epidemiologisk_arsrapport_2014.pdf). [11 Dec
2019].

H.C.D.C.P. Surveillance data, January 2015 2016 (Avail-
able from: http://www?2.keelpno.gr/blog/?p=64538&lang=en)
[March 2016].

Directorate of health. Diseases 2016. (Available from:
https://www.landlaeknir.is/english/statistics/diseases/). [14
July 2019].

InVS. Maladies a déclaration obligatoire 2019. (Available
from: http://www.invs.sante.fr/Dossiers-thematiques/Malad
ies-infectieuses/Maladies-a-declaration-obligatoire). [11 Dec
2019].

Newfoundland Labrador. Notifiable Disease List. 2019
(Available from: https://www.health.gov.nl.ca/health/
publichealth/cdc/notifiable_disease_list.pdf). [11 Dec
2019].

Journal officiel du Grand-Duché de Luxembourg. Regle-
ment grand-ducal du 10 septembre 2004 portant désigna-
tion des maladies infectieuses ou transmissibles sujettes a
déclaration obligatoire 2019. Available from: http://www.le
gilux.public.lu/leg/a/archives/2004/0163/a163.pdf#page=2.
[11 Dec 2019].

Government of Malta. Notifiable Diseases 2016. (Available
from: http://health.gov.mt/en/health-promotion/idpcu/Pages/
notifiablediseases.aspx). [March 2016].

© 2020 The Authors Tropical Medicine & International Health Published by John Wiley & Sons Ltd

858017 SUOWILLOD @A 181D 3cedl (dde ayy Aq pausenob ae ssjolie YO ‘@S Jo ss|n. 10y Ariq18UIUO AB]IM UO (SUOTIPUOD-PUB-SWIBIW0D A8 |IM A eI 1 Ul |UO//SdIL) SUORIPUOD pUe SWie | 38U 8eS *[£202/20/ST] Uo AkeiqiTauluo Ae|Im 20asi18a BAON apepisAIuN AQ ¥BEET  IWY/TTTT OT/I0pAW0D A8 |im AeIq Ul |uo//Schy Woj pepeoumoq ‘G ‘0202 ‘9STESIET


https://ecdc.europa.eu/en/about-uswhat-we-do/ecdc-activities-surveillance
https://ecdc.europa.eu/en/about-uswhat-we-do/ecdc-activities-surveillance
https://ecdc.europa.eu/en/all-topics-z/surveillance-and-disease-data/diseases-and-special-health-issues-under-eu-surveillance
https://ecdc.europa.eu/en/all-topics-z/surveillance-and-disease-data/diseases-and-special-health-issues-under-eu-surveillance
https://ecdc.europa.eu/en/all-topics-z/surveillance-and-disease-data/diseases-and-special-health-issues-under-eu-surveillance
https://www.landlaeknir.is/english/statistics/diseases/
http://wwwold.pzh.gov.pl/oldpage/epimeld/index_p.html#01
http://wwwold.pzh.gov.pl/oldpage/epimeld/index_p.html#01
http://www.covidence.org
http://www.covidence.org
http://www.cystinet.org/
https://ecdc.europa.eu/en/publications-data/ecdc-map-maker-tool-emma
https://ecdc.europa.eu/en/publications-data/ecdc-map-maker-tool-emma
https://www.r-project.org/about.html
http://www.infektionsnetz.at/TextExtMeldepflicht.phtml
http://www.infektionsnetz.at/TextExtMeldepflicht.phtml
http://net.jogtar.hu/jr/gen/hjegy_doc.cgi?docid=99800018.NM
http://net.jogtar.hu/jr/gen/hjegy_doc.cgi?docid=99800018.NM
https://www.bag.admin.ch/bag/de/home/krankheiten/infektionskrankheiten-bekaempfen/meldesysteme-infektionskrankheiten/meldepflichtige-ik/meldeformulare.html
https://www.bag.admin.ch/bag/de/home/krankheiten/infektionskrankheiten-bekaempfen/meldesysteme-infektionskrankheiten/meldepflichtige-ik/meldeformulare.html
https://www.bag.admin.ch/bag/de/home/krankheiten/infektionskrankheiten-bekaempfen/meldesysteme-infektionskrankheiten/meldepflichtige-ik/meldeformulare.html
http://www.gesetze-im-internet.de/ifsg/index.html
http://www.gesetze-im-internet.de/ifsg/index.html
http://www.hpsc.ie/notifiablediseases/listofnotifiablediseases/File,678,en.pdf
http://www.hpsc.ie/notifiablediseases/listofnotifiablediseases/File,678,en.pdf
http://www.epicentro.iss.it/infettive/
http://www.epicentro.iss.it/infettive/
http://www.folkhalsomyndigheten.se/pagefiles/23059/Epidemiologisk_arsrapport_2014.pdf
http://www.folkhalsomyndigheten.se/pagefiles/23059/Epidemiologisk_arsrapport_2014.pdf
http://www2.keelpno.gr/blog/?p=6453&lang=en
https://www.landlaeknir.is/english/statistics/diseases/
http://www.invs.sante.fr/Dossiers-thematiques/Maladies-infectieuses/Maladies-a-declaration-obligatoire
http://www.invs.sante.fr/Dossiers-thematiques/Maladies-infectieuses/Maladies-a-declaration-obligatoire
https://www.health.gov.nl.ca/health/publichealth/cdc/notifiable_disease_list.pdf
https://www.health.gov.nl.ca/health/publichealth/cdc/notifiable_disease_list.pdf
http://www.legilux.public.lu/leg/a/archives/2004/0163/a163.pdf#page=2
http://www.legilux.public.lu/leg/a/archives/2004/0163/a163.pdf#page=2
http://health.gov.mt/en/health-promotion/idpcu/Pages/notifiablediseases.aspx
http://health.gov.mt/en/health-promotion/idpcu/Pages/notifiablediseases.aspx

Tropical Medicine and International Health

VOLUME 25 NO § PP §66—578 MAY 2020

A. Abraham et al. Human neurocysticercosis in Europe

45.

46.

47.

Narodowy Institut Zdrowia Publicznego. Sprawozdanie o
zachorowaniach na choroby zakazne, zakazeniach i zatruci-
ach zgloszonych w okresie. 2019. (Available from: http://
wwwold.pzh.gov.pl/oldpage/epimeld/druki/2015/MZ-56_
2015.pdf). [11 Dec 2019].

Jaakola S, Lyytikdinen O, Rimhanen-Finne R, Salmenlinna
S, Savolainen-Kopra C, Pirhonen J. Infectious diseases in
Finland 2014. 2014.

WIV-ISP. Maladies Transmissibles a Déclaration Obliga-
toire 2019 (Available from: https://epidemio.wiv-isp.be/ID/
Surveillance/PagessMATRA.aspx). [11 Dec 2019].

61.

62.

63.

CYSTINET International Conference; 2015 Nov 03-04;
Belgrade S, editor. 2015.

Cruz CV, Burkhard P. Neurocysticercosis (ncc): a not so
rare parasitic infection in Geneva, Switzerland. Euro | Neu-
rol 2010: 17: 576.

Overbosch D, Oosterhuis JW, Kortbeek LM, Garcia-Albea
E. Neurocysticercosis in Europe. Cestode Zoonoses:
Echinococcosis and Cysticercosis: An Emergent and Global
Problem. 2002: 341: 33.

Doder R, Madle-Samardzija N, Canak G, Vukadinov J,
Turkulov V, Sevi¢ S. Neurocysticercosis-a five-year experi-

48. Public Health England. Laboratory reporting to Public ence. Medicinski Pregled 2002: 55: 523-527.

Health England - A guide for diagnostic laboratories 64. Dulovic O, Poluga ], Dakic Z. Neurocysticercosis in Serbia.
(Available from: https:/assets.publishing.service.gov.uk/gov In: Presentation presented at: 1st CYSTINET WG meeting;
ernment/uploads/system/uploads/attachment_data/file/ 2014 May 06-07; Evora P, editor. 2014.

739854/PHE_Laboratory_Reporting_Guidelines.pdf). [11 65. Esquivel A, Diaz-Otero F, Gimenez-Roldan S. Growing fre-
Dec 2019]. quency of neurocysticercosis in Madrid (Spain). Neurologia

49. Hunter E, Cliff M, Armstrong M et al. Active neurocys- (Barcelona, Spain) 2005: 20: 116-120.
ticercosis at the Hospital for Tropical Diseases, London: a 66. Fernandez-Dominguez J, Gabaldon-Torres L, Salas-Felipe J,
clinical case series. Trans R Soc Trop Med Hyg 2018: 112 Abenza-abildua M, Arpa J. Ten Years Of Neurocysticerco-
(7): 326-334. sis At La Paz Unversity Hospital In Madrid (Spain). Eur |

50. Mendes A, Matos 1. Neurocisticercose: apresentagao com Neurol 2007: 14: 118.
hidrocefalia e meningite crénica. Sinapse. 2002. 67. Ferreira M, Brito M, Vieira J, Salgueiro A, Machado M.

51. Bruschi F, Giangaspero F, Castagna M et al. Neurocysticer- Neurocisticercose em idade pedidtrica. Acta Pediatr Port
cosis: surgical treatment of an autochthonous case in a 2006: 2: 48-55.
non-endemic region. Pathologica 2006: 98: 229-331. 68. Gongalo Janudrio LF, Novais G, Iraneta A, Correia M,

52. Ensenat J, Martinez-Manas R, Horcajada JP, De Juan C, Roque P, Monteiro J, Reis N. Neurocisticercose, uma série
Ferrer E. Diagnostic and therapeutic difficulties in neuro- de 15 casos. clinicos. 2015.
cysticercosis: presentation of 6 cases and review of the liter- 69. Lobo J, Gonzdlez-Castillo J, Abad M, Nuevo J, Cubo P,
ature. Neurocirugia (Astur). 2007: 18: 101-110. Munoz S. P316 Neurocysticercosis in Spain: an emerging

53. Flores P, Serrao Neto A, Xavier JDFPJMM. Parasitoses problem. Eur | Intern Med 2003: 14: S119-S200.
Sistémicas. Acta Pediatr Port 2001: 32: 217-224. 70. Mis-Sesé G, Vives-Pinera I, Ferndndez-Barreiro A et al.

54. Grasland A, Galeazzi G, Pouchot ], Mortier E, Vinceneux Estudio descriptivo de neurocisticercosis en un hospital ter-
P. Remue-méningite. La Revue de Médecine Interne. 2002: ciario. Revista de Neurologia 2008: 46: 194-196.
23:250s-252s. 71. Milovanovi¢ A, Milovanovi¢ J, Gvozdenovi¢ E et al. Neu-

535. Iglesias Oliva L, Perez Roji G, Perez-Llantada Amunarriz rocysticercosis: Work ability evaluation. Acta Veterinaria
E, Gonzalez Mandly A, Garcia-Castrillo Riesco L. Multiple 2008: 58: 139-147.
muscular calcifications in a 68-year old male. Rev Clin Esp 72. Nikolic S, Stevanovic G. Neurocysticercosis-pathogenesis
2002: 202: 669-671. and clinical aspects. Srp Arbh Celok Lek 2006: 134: 246

56. Lagueste M. La neurocysticercose humaine en 2015: étude 250.
rétrospective de 4 cas pris en charge au CHU de Rouen de 73. Pages F, Porphyre V. Etude rétrospective des cas de cys-
2011 a 2015 Sciences pharmaceutiques. 20135. ticercose chez ’homme a la Réunion. In: report U, editor.

57. Luessi F, Sollors J, Frauenknecht K et al. Neurocysticerco- 2016.
sis with a single brain lesion in Germany: a case report. 74. Parra CM, Duca A, Fernandez NE et al. P0751 Immigra-
Cases ] 2009: 2: 8692. tion and neurocysticercosis. A study from Spain. Euro ] Int

58. Papageorgiou SG, Kolovou D, Bonakis A, Kontaxis T, Med 2009: 20: S245.

Moulopoulou A, Kalfakis N. Concommitant appearance of 75. Pérez-Lopez C, Isla-Guerrero A, Alvarez F et al. Actual-
glioblastoma multiforme and neurocysticercosis in a nonen- izacién en el tratamiento de la neurocisticercosis. Rev Neu-
demic country: a case report. Neurologist 2009: 15: rol 2003: 36: 805-811.

293-295. 76. Poluga J, Daki¢ Z, Nikolic I, Stevanovic G, Nikolic S. Epi-

59. Sabel M, Neuen-Jacob E, Vogt C, Weber F. Intracerebral demiological and Clinical Characteristics of Neurocysticer-
neurocysticercosis mimicking glioblastoma multiforme: a cosis in Serbia. In: Poster presented at: 23rd ECCMID;
rare differential diagnosis in Central Europe. Neuroradiol- 2013; Berlin G, editor. 2013.
ogy 2001: 43: 227-230. 77. Ramos JM, Masid M, Padilla S, Escolano C, Bernal E,

60. Bobi¢ B, Daki¢ Z, Klun I, et al.Human cysticercosis in Ser- Gutiérrez F. Enfermedades importadas y no importadas en
bia — a 25 year national study. In: Poster presented at: 1st la poblacién inmigrante. Una década de experiencia desde

© 2020 The Authors Tropical Medicine & International Health Published by John Wiley & Sons Ltd 577

858017 SUOWILLOD @A 181D 3cedl (dde ayy Aq pausenob ae ssjolie YO ‘@S Jo ss|n. 10y Ariq18UIUO AB]IM UO (SUOTIPUOD-PUB-SWIBIW0D A8 |IM A eI 1 Ul |UO//SdIL) SUORIPUOD pUe SWie | 38U 8eS *[£202/20/ST] Uo AkeiqiTauluo Ae|Im 20asi18a BAON apepisAIuN AQ ¥BEET  IWY/TTTT OT/I0pAW0D A8 |im AeIq Ul |uo//Schy Woj pepeoumoq ‘G ‘0202 ‘9STESIET


http://wwwold.pzh.gov.pl/oldpage/epimeld/druki/2015/MZ-56_2015.pdf
http://wwwold.pzh.gov.pl/oldpage/epimeld/druki/2015/MZ-56_2015.pdf
http://wwwold.pzh.gov.pl/oldpage/epimeld/druki/2015/MZ-56_2015.pdf
https://epidemio.wiv-isp.be/ID/Surveillance/Pages/MATRA.aspx
https://epidemio.wiv-isp.be/ID/Surveillance/Pages/MATRA.aspx
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/739854/PHE_Laboratory_Reporting_Guidelines.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/739854/PHE_Laboratory_Reporting_Guidelines.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/739854/PHE_Laboratory_Reporting_Guidelines.pdf

Tropical Medicine and International Health

VOLUME 25 NO § PP §66—578 MAY 2020

A. Abraham et al. Human neurocysticercosis in Europe

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

una unidad de enfermedades infecciosas. Enferm Infecc
Microbiol Clin 2011: 29: 185-192.

Roca C, Gascon J, Font B, Pujol T, Valls M, Corachdn M.
Neurocysticercosis and population movements: analysis of
23 imported cases in Spain. Eur | Clin Microbiol Infect Dis
2003: 22: 382-384.

Ruiz S, Garcia-Vazquez E, Picazo R, Herndndez A, Herrero
J, Gémez J. La neurocisticercosis en Murcia. Rev Clin Esp
2011: 211: 133-138.

Terraza S, Gascon J, Corachdn M, Pujol T. Neurocisticer-
cosis:;, una enfermedad importada? Med Clin 2001: 116:
261-263.

Zammarchi L, Angheben A, Gobbi F et al. Profile of adult
and pediatric neurocysticercosis cases observed in five
Southern European centers. Neurological Sciences. 2016:
37: 1349-1355.

Gomez-Morales M, Ludovisi A, Amati M, Pozio E. Sero-
logical diagnosis of human cysticercosis in Italy from 2001
to 2014.

Mestrovic T, Sviben M, Vilibic-Cavlek T, Ljubin-Sternak S,
Tabain I, Mlinaric-Galinovic G. Seroprevalence of Taenia
solium infections in Croatian patients presenting with epi-
lepsy. J Helminthol 2012: 86: 259-262.

Rakusa M. Human cysticercosis in Slovenia. Arhiv razisko-
valnih nalog Medicinske fakultete. 2001.

Soba B, Beovic B, Luznik Z, Skvarc M, Logar J. Evidence
of human neurocysticercosis in Slovenia. Parasitology
2014: 141: 547-553.

Yera H, Dupont D, Houze S et al. Confirmation and fol-
low-up of neurocysticercosis by real-time PCR in cere-
brospinal fluid samples of patients living in. France. ] Clin
Microbiol 2011: 49: 4338-4340.

Janudrio G, Novais G, Correia Met al. Neurocisticercose,
uma série de 15 casos clinicos. 310 Congresso da Sociedade
Portuguesa de Neurocirurgia. 2015.

Del Brutto OH. Diagnostic criteria for neurocysticercosis.
Ann Neurol 2016: 80: 953-954.

Ministero della Salute - Direzione Generale della program-
mazione Sanitaria. Banca dati SDO. 2018. Unpublished work.
The centre of Disease and Preventoin of Latvia. Annual
report. (Available from: https://www.spkc.gov.lv/lv/statis
tika-un-petijumi/infekcijas-slimibas/epidemiologijas-bilete
nil). [11 Dec 2019].

Vilhena M, Fonseca AG, Dias S, Da Silva JM, Torgal J.
Human cysticercosis in Portugal: long gone or still contem-
porary? Epidemiol Infect 2017: 145: 329-333.

Ministerio de sanidad cybs. Aplicaciones de consulta - Por-
tal Estadistico (Available from: https://pestadistico.intelige

93.

94.

95.

96.

97.

98.

99.

100.

nciadegestion.mscbs.es/publicoSNS/comun/ArbolNodos.a
spx?idNodo=6383). [11 Dec 2019].

Socialstyrelsen. Statistikdatabas for diagnoser i specialis-
erad oppen vard (Available from: https://sdb.socialstyrelsen.
se/if_paro/val.aspx.) [11 Dec 2019].

Socialstyrelsen. Statistikdatabas for diagnoser i sluten vard
(Available from: https://sdb.socialstyrelsen.se/if_par/val.a
spx). [11 Dec 2019].

Dermauw V, Van Den Broucke S, Van Bockstal L et al.
Cysticercosis and taeniasis cases diagnosed at two referral
medical institutions, Belgium, 1990 to 2015. Euro Surveill
2019: 24: 1800589.

COMMISSION DECISION of 22 December 1999 on the
communicable diseases to be progressively covered by the
Community network under Decision No 2119/98/EC of the
European Parliament and of the Council, (1999).
Bouwknegt M, Devleesschauwer B, Graham H, Robertson
LJ, van der Giessen JW. Prioritisation of food-borne para-
sites in Europe, 2016. Eurosurveillance 2018: 23: 9.
Meester M, Swart A, Deng H et al. A quantitative risk
assessment for human Taenia solium exposure from home
slaughtered pigs in European countries. Parasit Vectors
2019: 12: 82.

Gomez-Morales MA, Garate T, Blocher | et al. Present sta-
tus of laboratory diagnosis of human taeniosis/cysticercosis
in Europe. Eur | Clin Microbiol Infect Dis 2017: 36:
2029-2040.

Orphanet - The portal for rare diseases and orphan drugs.
Cysticercosis (Available from: https://www.orpha.net/con
sor/cgi-bin/Disease_Search.php?Ing=EN&data_id=
3415&Disease_Disease_Search_diseaseGroup=cysticerco
sis&Disease_Disease_Search_diseaseType=Pat&Disease(s)/
group %200f%20diseases=Cysticercosis&title=Cysticerco
sis&search=Disease_Search_Simple). [11 Dec 2019].

Supporting Information

Additional Supporting Information may be found in the
online version of this article:

Appendix S1. Search terms and inclusion and exclusion
criteria of the systematic literature search.

Appendix S2. Citations of included studies.

Appendix S3. Individual patient data.

Corresponding Author Annette Abraham, Department of Neurology, Center for Global Health, School of Medicine, Technische
Universitit Miinchen, Ismaninger Strasse 22, 81675 Miinchen, Germany. Tel.: +49 89 4140 6954; E-mail: annette.abraham@-
tum.de

578

© 2020 The Authors Tropical Medicine & International Health Published by John Wiley & Sons Ltd

858017 SUOWILLOD @A 181D 3cedl (dde ayy Aq pausenob ae ssjolie YO ‘@S Jo ss|n. 10y Ariq18UIUO AB]IM UO (SUOTIPUOD-PUB-SWIBIW0D A8 |IM A eI 1 Ul |UO//SdIL) SUORIPUOD pUe SWie | 38U 8eS *[£202/20/ST] Uo AkeiqiTauluo Ae|Im 20asi18a BAON apepisAIuN AQ ¥BEET  IWY/TTTT OT/I0pAW0D A8 |im AeIq Ul |uo//Schy Woj pepeoumoq ‘G ‘0202 ‘9STESIET


https://www.spkc.gov.lv/lv/statistika-un-petijumi/infekcijas-slimibas/epidemiologijas-bileteni1
https://www.spkc.gov.lv/lv/statistika-un-petijumi/infekcijas-slimibas/epidemiologijas-bileteni1
https://www.spkc.gov.lv/lv/statistika-un-petijumi/infekcijas-slimibas/epidemiologijas-bileteni1
https://pestadistico.inteligenciadegestion.mscbs.es/publicoSNS/comun/ArbolNodos.aspx?idNodo=6383
https://pestadistico.inteligenciadegestion.mscbs.es/publicoSNS/comun/ArbolNodos.aspx?idNodo=6383
https://pestadistico.inteligenciadegestion.mscbs.es/publicoSNS/comun/ArbolNodos.aspx?idNodo=6383
https://sdb.socialstyrelsen.se/if_paro/val.aspx
https://sdb.socialstyrelsen.se/if_paro/val.aspx
https://sdb.socialstyrelsen.se/if_par/val.aspx
https://sdb.socialstyrelsen.se/if_par/val.aspx
https://www.orpha.net/consor/cgi-bin/Disease_Search.php?lng=EN&data_id=3415&Disease_Disease_Search_diseaseGroup=cysticercosis&Disease_Disease_Search_diseaseType=Pat&Disease(s)/group%2520of%2520diseases=Cysticercosis&title=Cysticercosis&search=Disease_Search_Simple
https://www.orpha.net/consor/cgi-bin/Disease_Search.php?lng=EN&data_id=3415&Disease_Disease_Search_diseaseGroup=cysticercosis&Disease_Disease_Search_diseaseType=Pat&Disease(s)/group%2520of%2520diseases=Cysticercosis&title=Cysticercosis&search=Disease_Search_Simple
https://www.orpha.net/consor/cgi-bin/Disease_Search.php?lng=EN&data_id=3415&Disease_Disease_Search_diseaseGroup=cysticercosis&Disease_Disease_Search_diseaseType=Pat&Disease(s)/group%2520of%2520diseases=Cysticercosis&title=Cysticercosis&search=Disease_Search_Simple
https://www.orpha.net/consor/cgi-bin/Disease_Search.php?lng=EN&data_id=3415&Disease_Disease_Search_diseaseGroup=cysticercosis&Disease_Disease_Search_diseaseType=Pat&Disease(s)/group%2520of%2520diseases=Cysticercosis&title=Cysticercosis&search=Disease_Search_Simple
https://www.orpha.net/consor/cgi-bin/Disease_Search.php?lng=EN&data_id=3415&Disease_Disease_Search_diseaseGroup=cysticercosis&Disease_Disease_Search_diseaseType=Pat&Disease(s)/group%2520of%2520diseases=Cysticercosis&title=Cysticercosis&search=Disease_Search_Simple
https://www.orpha.net/consor/cgi-bin/Disease_Search.php?lng=EN&data_id=3415&Disease_Disease_Search_diseaseGroup=cysticercosis&Disease_Disease_Search_diseaseType=Pat&Disease(s)/group%2520of%2520diseases=Cysticercosis&title=Cysticercosis&search=Disease_Search_Simple
mailto:
mailto:

