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Abstract

Background

The diagnosis of cystic echinococcosis (CE) is primarily based on imaging, while serology
should be applied when imaging is inconclusive. CE cyst stage has been reported among
the most important factors influencing the outcome of serodiagnosis. We performed a sys-
tematic review and meta-analysis of the relation between cyst stage of hepatic CE and diag-
nostic sensitivity of serological tests, to evaluate whether their relation is a consistent finding
and provide guidance for the interpretation of results of serological tests.

Methodology/Principal findings

MEDLINE, EMBASE, CENTRAL, and Lilacs databases were searched on December 1°
2019. Original studies published after 2003 (year of publication of the CE cyst classification),
reporting sensitivity of serological tests applied to the diagnosis of human hepatic CE, as
diagnosed and staged by imaging, were included. The quality of studies was assessed
using the Newcastle-Ottawa Scale. Data from 14 studies were included in the meta-analy-
sis. Summary estimates of sensitivities and 95% confidence intervals were obtained using
random effects meta-analysis. Overall, test sensitivity was highest in the presence of CE2
and CE3 (CE3a and/or CE3b), and lowest in the presence of CE5 and CE4 cysts. ELISA,
ICT and WB showed the highest sensitivities, while IHA performed worst.

Conclusions/Significance

The results of our study confirm the presence of a clear and consistent relation between
cyst stage and serological tests results. Limitations of evidence included the heterogeneity
of the antigenic preparations used, which prevented to determine whether the relation
between cyst stage and sensitivity was influenced by the type of antigenic preparation, the
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paucity of studies testing the same panel of sera with different assays, and the lack of stud-
ies assessing the performance of the same assay in both field and hospital-based settings.
Our results indicate the absolute need to consider cyst staging when evaluating serological
results of patients with hepatic CE.

Author summary

Cystic echinococcosis is a neglected zoonosis induced by the development of parasitic
cysts in intermediate hosts, including humans, mostly in the liver. The diagnosis of CE is
based on imaging. As CE cysts may assume different aspects (stages), the range of differ-
ential diagnoses is broad, from harmless simple cysts to neoplasms. Serological assays for
the detection of serum antibodies are applied when imaging is inconclusive, but their per-
formance depend on a number of factors, among which cyst stage has been reported as
important. If this was a robust finding, it would be absolutely required to interpret sero-
logical findings in the light of CE cyst staging. The results of our systematic review and
meta-analysis of the relation between cyst stage of hepatic CE and diagnostic sensitivity of
serological tests confirmed that such relation is clear and consistent, and indicate the
absolute need to consider cyst staging when evaluating serology results of patients with
hepatic CE.

Introduction

Cystic echinococcosis (CE) is a neglected zoonosis caused by infection with the larval stage of
the cestode Echinococcus granulosus sensu lato [1]. The parasite is transmitted between canid
definitive hosts and livestock, mainly sheep, as intermediate hosts [2]. Humans are dead-end
intermediate hosts, in whom the larval stage develops as fluid-filled cysts mainly in liver and
lungs [3]. It has been estimated that around 1 million Disability-Adjusted Life Years are lost
due to human CE [4], but the prevalence and number of infected people, on which to base dis-
ease burden calculations, are difficult to quantify. Hampering the implementation of compre-
hensive population-wide studies on CE are in part the peculiar socio-epidemiological features
of the infection [5], and in part the fact that current diagnostic tools are not suitable for an effi-
cient mapping of infection distribution at population level [6]. This, however, is one of the crit-
ical actions indicated by the WHO for echinococcosis in the recently issued “2021-2030 road
map for neglected tropical diseases” [7]. In the same document, to “define target product profile
and develop optimal diagnostic for humans” is indicated as a critical action required, in order
to reach disease-specific targets. Furthermore, the diagnosis of CE is often difficult also in the
clinical setting [3,8-10].

The primary diagnosis of CE is based on imaging, while serology for the detection of circu-
lating serum antibodies is a complementary tool [8]; at present no circulating antigen-detec-
tion test is commercially available. Ultrasonography (US) is the reference technique for the
diagnosis and characterization of CE cysts in US-accessible organs [8,11], especially the liver,
which is the affected organ in >70% of cases. Along their evolution, CE cysts change in struc-
ture and appearance on imaging, and these stages are currently classified by the WHO Infor-
mal Working Group on Echinococcosis (WHO-IWGE) classification [8,12]. This classification
is also important to guide the clinical management of infected patients [8,13]. The availability
of portable, relatively cheap US machines has offered the possibility to apply this technique as
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a point-of-care exam also in remote rural areas. However, the lack of instruments and expertise
is still an issue in many endemic countries.

Clearly, a robust and accurate serological assay, e.g. in the format of a rapid diagnostic test,
would allow more easily the implementation of population-based epidemiological studies.
Unfortunately, currently available serodiagnostic tests for CE are not standardized and their
performances are not suitable for application in population-based studies [6,9]. Furthermore,
even in the clinical setting, serology should be applied only after a lesion suspect of CE is visu-
alized on imaging, and its results should be interpreted with caution [8,10]. Test-related, set-
ting-related (prevalence/pre-test probability), and cyst-related factors influence the outcome
and interpretation of serodiagnostic tests for CE. Among the latter, several studies found that
sensitivity was higher in cases of hepatic as compared to extra-hepatic localization, in case of
multiple and large cysts, and in case of a recent pharmacological and/or interventional treat-
ment; but the most consistent factor associated with serological results for hepatic CE has been
reported to be the cyst stage [14,15]. In this light, the distribution of cyst stages in a population,
as well as the definition of cyst stage for the differential diagnosis of evocative lesions at an
individual patient’s level is crucial for the interpretation of serological results. On the other
hand, knowing how serological tests perform in relation to different cyst stages is crucial, but
seldom investigated and applied.

We performed a systematic review and meta-analysis of the relation between cyst stage of
liver CE and diagnostic sensitivity of serological tests, to provide an overall guidance for the
interpretation of results of serological tests for the diagnosis of hepatic CE.

Methods
Search strategy

The review protocol was submitted to PROSPERO international prospective register of sys-
tematic reviews (Registration Number CRD420201656630). MEDLINE (PubMed), EMBASE,
CENTRAL (Cochrane Library), and Lilacs (Bireme) databases were searched on December 1%
2019. The databases were searched using database-specific strings based on the following key-
words: Echinococcus granulosus, Echinococcus infection, echinococcosis, cystic echinococcosis,
hydatidosis, hydatid cyst, hydatid disease, serology, serological test, serological investigations,
serodiagnosis. The detailed strategy is available in S1 Text. No language restriction was
applied. Merged search results were screened for potentially relevant publication, based on
title and abstract, after removal of duplicates. The reference list of all potentially eligible studies
and of the review papers were searched for other potentially eligible studies. Eligible papers
were restricted to those published from 2003 onwards, i.e. following the publication of the first
WHO-IWGE ultrasound cyst classification. The work is presented according to Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) recommendations [16]
(S1 PRISMA Checklist).

Inclusion/exclusion criteria, study selection, and data extraction

Original studies reporting sensitivity of serological tests applied to the diagnosis of human CE
were included in the review. No restriction was applied regarding publication type (research
paper or conference report) or setting (field or clinical setting). Two authors (FT and MSL)
independently selected the studies for inclusion in the systematic review, first on the basis of
title and abstract, and then of the full text, if retrieved. The selection procedure was carried out
using EndNote X7.7 software (Thomson Reuters, Toronto, Ontario, Canada).

Inclusion criteria were: i) presenting original data; ii) cross-sectional, cohort, and case-con-
trol diagnostic accuracy study type (i.e. case reports were excluded); iii) including cases with at
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least one hepatic CE cyst assessed by imaging and staged (or stageable) according to the
WHO-IWGE ultrasound classification (CE1, CE2, CE3, CE3a CE3b, CE4, CE5 [8]); v) report-
ing results (positive/negative) and characteristics of anti-echinococcal antibody assay(s).

Potentially eligible studies were excluded if: i) full text and abstract were both unavailable
or only abstract was available but did not convey the needed data or data were not extractable
for analysis; ii) diagnosis was not based on imaging; iii) staging was not performed/not
reported and/or staging could not be defined based on reported information or images; iv)
information regarding the serological assay were not provided or the diagnostic test was not
eligible; v) CE cysts localization was extra-hepatic or not specified; vi) study duplication.

The same two authors independently performed the data extraction using a pre-designed
data extraction form (Excel file). Data extracted were: i) study type; ii) treatment status of the
tested patients; iii) number of patients tested per each CE cyst stage; iv) number of positive
individuals per each CE cyst stage; v) serological test(s) characteristics (test format, antigenic
preparation).

At all review steps, a third author (DB) was in charge of facilitating discussion and reaching
consensus in case of disagreement between the reviewers.

Quality assessment

An adapted version of the Newcastle-Ottawa Scale (NOS) for assessing the quality of observa-
tional studies was applied [17]. The quality of each included paper was assessed in three
domains (selection, comparability, outcome). S2 Text summarizes the items included in each
domain and the characteristics for the attribution of the “stars” (scoring system). Studies scor-
ing 1 to 3 stars were ranked as “low quality”; 4 or 5 stars as “high quality”, and 6 or 7 stars as
“very high quality”.

Data analysis

Collected data from included studies were aggregated, stratified by type of test or setting, to
obtain summary estimates of sensitivities and 95% confidence intervals (CI) using random
effects meta-analysis. The analysis was carried out both including all studies and excluding
low-quality studies. DerSimonian and Laird method [18] was used for parameters estimations
with the estimate of heterogeneity, measured by the I” statistic, obtained from the Mantel-
Haenszel model [19]. Meta-analyses were performed using metan package from STATA soft-
ware version 14 (StataCorp. 2015. Stata Statistical Software: Release 14. College Station, TX:
StataCorp LP.). SAS software version 9.4 (SAS Institute, Inc., Cary, NC, USA) and GraphPad-
Prism8 (GraphPad Software, San Diego, CA, USA) were used for forest plots and bar graphs
respectively. Statistical significance level was fixed at 0.05.

Results
Bibliographic search

The literature search and selection of studies to be included are schematized in Fig 1. The data-
bases search retrieved a total of 4261 records, leaving 3387 records after duplicates were
removed. A total of 1531 records published after year 2003 were potentially eligible based on
title and abstract. Upon evaluation of the full text, 14 articles were selected from which data
were extracted (Table 1). The quality assessment of each item included in the three NOS
domains is shown in S1 Table.

The selected studies were divided into three groups, depending on the setting: field studies
for CE cases detected by imaging in population survey campaigns, hospital studies for CE
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Total retrieved

Only seropositive incl.
No serology data

N=4261
Duplicates
N=874
Published before 2003
N=1856
Screened by title and abstract
N=1531
Excluded N=1358
Extra-hepatic CE N=488
Not CE N=457
Miscellanea N=254
Serosurvey/other tests  N=60
Case reports N=55
Animal study N=44
Full text to be analyzed
N=173
Excluded N=159
No staging N=87
No full text* N=47

No analysis by stage N=15
Data not extractable N
Test not eligible N
N
N

Data extracted
N=14

Fig 1. Flow diagram of the literature search.

https://doi.org/10.1371/journal.pntd.0009370.9001
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Table 1. Main characteristics of the papers included in the meta-analysis.

Publication

Tiaoying, L. 2005 [21]
Yang, Y. 2007 [22]

Li, T. 2011 [23]

Schweiger, A. 2012 [24]

Hernandez-Gonzalez, A. 2012

(25]

Tamarozzi, F. 2013 [26]

Piccoli, L. 2014 [27]
Lissandrin, R. 2016 [15]

Tamarozzi, F. 2016 [28]

Vola, A. 2018 [20]

Hernandez-Gonzalez, A. 2018

[14]

Pagnozzi, D. 2018 [29]

Han, X. 2019 [30]

Vola, A. 2019 [10]

Setting

Field

Field

Field
Laboratory

Laboratory
Laboratory

Hospital
Laboratory

Laboratory
Laboratory
Laboratory
Laboratory
Field

Hospital

Study design Data analysis only of untreated patients Evaluated serology assay format* and | Quality$
possible number
Cross-sectional Yes 1 ELISA Low
Cross-sectional Yes 1 ELISA Low
Cohort Yes 1 ELISA High
Diagnostic No 1 ELISA, 1 EITB Low
accuracy
Diagnostic No 3 ELISA, 1 THA High
accuracy
Diagnostic Yes 2 ELISA High
accuracy
Cohort Yes 1 ELISA High
Diagnostic Yes 1 ELISA Very
accuracy high
Diagnostic No 1 ELISA, 3ICT Very
accuracy high
Diagnostic Yes 21CT High
accuracy
Diagnostic No 3 ELISA, 2 ICT High
accuracy
Diagnostic No 2 ELISA Low
accuracy
Cross-sectional Yes 5 ELISA Very
high
Cohort Yes 1 ELISA, 1 THA, 1 WB Very
high

“ELISA = enzyme-linked immunosorbent assay; EITB = enzyme-linked immunoelectrotransfer blot; IHA = indirect hemagglutination; ICT = immunochromatographic

test. WB = western blot. EITB and WB are basically identical methods and are analyzed together.
§Based on an adapted version of the Newcastle-Ottawa Scale for assessing the quality of observational studies (S2 Text and S1 PRISMA Checklist).

https://doi.org/10.1371/journal.pntd.0009370.t001

cases detected by imaging in the clinical setting and analysed as cohorts, and laboratory studies
for CE cases detected in clinical setting and including a control group for test accuracy evalua-
tion. The majority (11/14) of the evaluated studies included seroassays detecting total IgG, in
one case (Vola et al 2018 [20]) the study included two serological tests, one detecting IgG and
one detecting 1gG4, and in two studies (Tiaoying et al 2005; Yang et al 2007 [21,22]) the anti-
body isotype detected was not specified. The antigenic preparations used in the seroassays
included hydatid cyst fluid, purified native antigens, recombinant antigens, synthetic antigens,
and their variable combinations. The extraction data sheet is available as S2 Table.

Results of analysis concerning only untreated cysts, in all settings

First, we analyzed the sensitivity of diagnostic tests applied to samples of patients untreated for
CE, irrespective of the study setting. In cases where samples were tested using more than one
assay of the same format, the assay with the best sensitivity was included in the meta-analysis.
Fig 2 summarizes the estimated sensitivity of ELISA, ICT, IHA, and WB assays by cyst stage.
The Forest plots of the analyses are presented in S1 Fig. Overall, and granted the higher num-
ber of studies using ELISA as compared to other assay formats, tests sensitivity was highest in
the presence of CE2 and CE3 (CE3a and/or CE3b), and lowest in the presence of CE5 and CE4
cysts. This trend was maintained when the analysis of ELISA was carried out without low
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Fig 2. Sensitivity (%) of different serology tests for the diagnosis of untreated hepatic CE cysts according to cyst stage.
“CE3 all” = data from CE3a + CE3b + CE3 not divided into CE3a and CE3b. “CE inactive” = data from CE4 + CE5 + CE4
and CE5 not divided into CE4 and CE5. LQS = Low Quality Studies. Data from papers referring to the field or to the
hospital/lab setting were included. In case more than one assay per type was investigated in the same paper (e.g. more than
one ELISA test), the one with the best sensitivity was used for the meta-analysis. Error bars represent 95% CI.

https://doi.org/10.1371/journal.pntd.0009370.g002

quality studies. Among tests, ELISA and ICT showed the highest sensitivities, while IHA per-
formed worst. The summary of results for ELISA assays is shown in Table 2.

Analysis of ELISA results regarding untreated cysts, per study setting

The setting in which the evaluation of serological tests is carried out may influence test results
as it may favor the inclusion of patients with particular characteristics, and in turn influence
the probability of a test being seropositive. For example, it is conceivable that untreated
patients accessing the hospital setting may be more often symptomatic than subject enrolled in
population-based field studies, possibly due to cyst characteristics (e.g. size, loss of integrity of
the cyst wall) which in turn influence test performance. We therefore evaluated the sensitivity
of ELISAs grouped by study setting (field, laboratory + hospital, laboratory, and hospital). In

Table 2. Estimated sensitivity (Se %) with 95%CI of ELISA test with best performance.

Cyst Only untreated cysts Treated and untreated cysts
stage All settings Field setting Laboratory Laboratory Hospital All settings
All studies |No low-quality |Allstudies |No low-quality : hospital setting Se | setting Se% (95% | setting Se% All studies | No low-quality
Se% (95% studies Se% Se% (95% studies Se% % (95%CI) Cn (95%CI) Se% (95% studies Se%
CI) (95%CI) CI) (95%CI) CI) (95%CI)
CE1l 75 (58-92) | 64 (36-92) 85 (71-100) | 75 (38-100) 50 (23-76) 57 (18-90)7 40 (5-85)A 82 (71-92) | 79 (64-93)
CE2 94 (85-100) | 89 (78-100) 95 (74-100) | 95 (74-100)A 83 (67-98) 88 (62-98)A 70 (35-97)A 97 (92-100) | 94 (88-100)
CE3a 97 (85-100) | 97 (85-100)° - - - - - 99 (94-100) | 99 (94-100)°
CE3b 89 (65-100) | 89 (65-100)° | - - B B . 93 (87-100) | 93 (87-100)°
CE3* 91 (82-92) | 87 (75-100) 99 (95-100) | 100 (88-100)A | 82 (74-90) 82 (71-91)A 81 (65-92)7 92 (87-98) |91 (85-98)
CE4 57 (34-81) | 56 (19-92) 71 (47-96) | 91 (71-99)A 38 (26-50) 40 (25-56)7 36 (19-56)A | 60 (42-77) | 59 (36-82)
CE5 56 (24-88) | 54 (18-89) 73 (36-100) | 83 (62-100) 24 (1-47) 14 (5-29)A 38 (19-59)A | 53(30-75) | 48 (24-73)
Inactive$ | 53 (34-72) |51 (29-73) 73 (50-97) | 90 (75-99) 34 (25-43) 36 (17-56) 33 (22-43) 53 (38-69) | 51(33-69)

*CE3 = CE3a+CE3b+CE3 not divided into the two sub-stages.

SInactive = CE4+CE5+CE4/5 inactive stages not divided into the two sub-stages.
*The papers scored as low quality were not investigating this group stage.

AOnly one paper included.

https://doi.org/10.1371/journal.pntd.0009370.t002
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Fig 3. Sensitivity (%) of ELISA tests for the diagnosis of untreated hepatic CE cysts according to cyst stage and
setting (field vs lab and/or hospital). “CE3 all” = data from CE3a + CE3b + CE3 not divided into CE3a and CE3b.
“CE inactive” = data from CE4 + CE5 + CE4 and CE5 not divided into CE4 and CE5. LQS = Low Quality Studies. In
case more than one assay per type was investigated in the same paper (e.g. more than one ELISA test), the one with the
best sensitivity was used for the meta-analysis. Error bars represent 95% CI.

https://doi.org/10.1371/journal.pntd.0009370.g003

cases where samples were tested by using more than one ELISA, the assay with the best sensi-
tivity was included in the meta-analysis. Results are shown in Fig 3 and Table 2. The Forest
plots of the analyses are presented in S2 Fig. Even divided by setting, sensitivity results mir-
rored those of the previous general analysis, with highest sensitivities observed for CE2 and
CE3 (CE3a and CE3b) cysts and lowest sensitivities for CE5 cysts. Interestingly, higher sensi-
tivities were reported by studies applied in the field compared to the laboratory and/or hospital
setting.

Analysis of tests results regarding cysts independently of treatment, in all
settings

Often the putative previous treatment status of a patient is not known, or uncertain. Therefore,
we investigated the sensitivity of diagnostic tests independently from the study setting and
treatment status of the patients included in the cohorts. Fig 4 summarizes the estimated sensi-
tivity of ELISA, ICT, IHA, and WB by cyst stage. In the cases where samples were tested by
more than one ELISA, the assay with the best sensitivity was included in the meta-analysis.

Treated and untreated cysts, all settings, best antigen

-
o
=3

[5
o

Sensitivity (%)
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Fig 4. Sensitivity (%) of ELISA tests for the diagnosis of hepatic CE cysts, irrespective of previous treatment and
setting. “CE3 all” = data from CE3a + CE3b + CE3 not divided into CE3a and CE3b. “CE inactive” = data from CE4
+ CE5 + CE4 and CE5 not divided into CE4 and CE5. LQS = Low Quality Studies. In case more than one assay per
type was investigated in the same paper (e.g. more than one ELISA test), the one with the best sensitivity was used for
the meta-analysis. Error bars represent 95% CI.

https://doi.org/10.1371/journal.pntd.0009370.9004
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Fig 5. Sensitivity (%) of different assays using a variety of antigenic preparations, as reported by three example
recent studies, showing the same pattern according to cyst stage.

https://doi.org/10.1371/journal.pntd.0009370.g005

The Forest plots of the analyses are presented in S3 Fig. Sensitivity results by cyst stage and
type of test mirrored, and were overall comparable with those obtained by the analysis of sam-
ples only from untreated subjects. The summary of results for ELISA is shown in Table 2.

Due to the limited number of eligible studies, based on extremely heterogeneous antigenic
preparations, it was not possible to determine whether the relation between cyst stage and sensi-
tivity was influenced by the type of antigenic preparation used in the assays. However, studies
using different antigenic preparations to test the same panel of sera, although obtaining different
values of sensitivity, reported the same pattern of seropositivity according to cyst stage (Fig 5).

Discussion

Ultrasonography is the tool of reference for diagnosing abdominal CE, both for population
screening and individual diagnosis. Moreover, US-based cyst staging is pivotal for clinical
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decision-making in the presence of uncomplicated hepatic CE cysts [8,13], which is the most
common presentation of CE in a population. However, good quality US machines and/or spe-
cific expertise on the recognition of pathognomonic CE characteristics are not widely avail-
able. Serology is used to support imaging in doubtful cases, while currently available
serological tests are not suitable, alone, for application in population-based prevalence studies
[6,9]. Also in the clinical setting, the correct interpretation of serological results may be chal-
lenging [10]. Several factors, among which CE cyst stage is prominent, have been reported to
influence the outcome of serological tests, resulting in a variable rate of false negative results
[14,15]. Unfortunately, however, cyst stages are infrequently reported and taken into account
when results of serology are evaluated in both everyday clinical practice and in scientific
works. Of the 173 potentially eligible studies retrieved in this systematic review, 87 (50%) were
excluded because they did not describe cyst staging.

We performed this systematic review and meta-analysis with the aims of (i) evaluating
whether the relation between cyst stage of hepatic CE and sensitivity of serology test was a
robust finding, and (ii) to provide an overall guidance for the interpretation of results of serol-
ogy for the diagnosis of hepatic CE. The results of our study confirm the presence of a clear
relation between cyst stage and serology tests results, independently of the seroassay format,
study setting, and inclusion of samples from only untreated or both treated and untreated
patients. Unfortunately, due to the heterogeneity of the antigenic preparations described in the
included papers, it was not possible to formally assess whether this relation was influenced by
the type of antigenic preparation. However, in agreement with a previous study [15], this
seems not the case, thus the relation between seropositivity rate and cyst stage, with the highest
values in the presence of CE2 and CE3 (generally CE3a>CE3b), and lowest in the presence of
CES5 and CE4 cysts, appears a robust finding.

Overall, our results indicate that ELISA and ICT were the most sensitive test formats, fol-
lowed by WB, while IHA had the lowest sensitivity. However, this result should be taken with
caution as only one study included in this study [10] investigated different test formats using
the same, comprehensive panel of sera, finding that WB had the highest sensitivity while IHA
and ELISA were comparable.

Finally, we observed that sensitivity was apparently lower when tests were applied in diag-
nostic accuracy and hospital-based cohorts compared to the field setting. This finding was
unexpected, as intuitively one would have forecasted that untreated patients accessing the hos-
pital setting might be more often symptomatic, and therefore had cysts with characteristics
(e.g. large size, loss of integrity of the cyst wall) that are positively correlated with seropositiv-
ity. Furthermore, three of the four field-based studies used tests based on recombinant anti-
gens, which are known to yield a lower sensitivity when compared to native antigens. It must
be noted, however, that no study evaluated in this review investigated the same test in both
field and clinical setting, making also this observation to be taken with caution. In this regard,
a study by Gavidia et al. [31] describing an US-based survey for CE coupled with two WB
assays, one containing hydatid cyst fluid and the other a recombinant antigen (rEpC1-GST),
showed that the WB based on rEpC1-GST had a sensitivity of 16.7% when samples from all
individuals with hepatic CE were included, and of 29.4% when calcified cysts were excluded.
The same recombinant antigen was tested on sera from 324 surgically confirmed CE patients
(of which 116 obtained before surgery), yielding an overall sensitivity of 92.2% [32]. Thus, the
unusually high sensitivity reported for serology in the field assays analyzed in this review
remains difficult to explain, and may also derive from the limited number of studies included
in the analysis. Furthermore, other factors that influence serology results, such as cysts number
and size [14,15], were not analyzed in this work; these factors, which may have had a different
distribution in the patient cohorts of the papers included in this analysis, might have
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influenced the results of our study. However, these results highlight the need to evaluate all ser-
odiagnostic tests in different settings and using multiple cohorts, to obtain a more comprehen-
sive assessment of their performances.

In conclusion, the results of our systematic review and meta-analysis, although based on a
limited number of eligible studies, show that a consistent pattern exists between the cyst stage
of hepatic CE and serological tests results, independently of the seroassay format, study setting,
and inclusion of samples from only untreated or both treated and untreated patients, with the
highest sensitivity obtained in the presence of CE2 and CE3 and the lowest in the presence of
inactive cysts. These results indicate the absolute need to describe and take into account cyst
staging when evaluating serological results of patients with hepatic CE, in both the clinical set-
ting and in research work.
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