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Abstract: The differential diagnosis of hepatic cystic echinococcosis (CE) may be challenging. When
imaging is insufficient, serology can be applied, but no consensus diagnostic algorithm exists. We
evaluated the performances of nine serological tests commercialized in Europe for the diagnosis of
“echinococcosis”. We performed a diagnostic accuracy study using a panel of sera from patients
with hepatic CE (n =45 “liquid” content stages, n =25 “solid” content stages) and non-CE focal liver
lesions (1 = 54 with “liquid” content, n =11 with “solid” content). The diagnosis and staging of CE
were based on ultrasound (gold standard). Nine commercial seroassays (5 ELISA, 2 WB, 1
Chemiluminescence Immunoassay [CLIA] and 1 Immunochromatographic test [ICT]) were the
index tests. Sensitivity (Se) ranged from 43 to 94% and from 31 to 87%, and specificity (Sp) from 68
to 100% and from 94 to 100%, when borderline results were considered positive or negative,
respectively. Three seroassays (2 ELISA, 1 WB) were excluded from further analyses due to poor
performances. When tests were combined, Sp was 98-100%. The best results were obtained using
the WB-LDBIO alone (Se 83%) or as a third test after two non-WB tests (Se 67-86%). A validated WB
or two non-WB tests, read with stringent criteria (borderline = negative and considered positive
only if concordant positive), possibly confirmed by the WB, appear sensible approaches.

Keywords cystic echinococcosis; Echinococcus granulosus s.l.; serology; serodiagnosis; differential
diagnosis; diagnostic accuracy; focal liver lesions

1. Introduction

Cystic echinococcosis (CE) is caused by infection with the larval stage of Echinococcus
granulosus sensu lato. This develops as fluid-filled cysts, most frequently in the liver, after
accidental ingestion of parasite eggs [1]. The parasite life cycle develops mostly between
domestic dogs and livestock ungulates, and the infection is prevalent worldwide where
livestock breeding is practiced [2,3]. The spectrum of clinical manifestations of human CE
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ranges from being asymptomatic to causing serious, disabling pathology; when present,
symptoms are nonspecific [4].

CE cysts pass through different stages, from unilocular, fluid-filled CE1, to more
“complex” stages (CE2, CE3a, CE3b), and “solid” inactive stages (CE4, CE5) [5].
Ultrasound is at the basis of the diagnosis and staging of abdominal CE, which are pivotal
to guide clinical decision-making [5,6]. Pathognomonic features of CE can be visualized
with ultrasound; however, in their absence or when clinicians are not experienced in
recognizing them, the diagnosis of CE may be difficult. The wide spectrum of differential
diagnoses ranges from biliary cysts to malignancies. Serology is applied to support
imaging in doubtful cases; however, the interpretation of serological test results may be
challenging. Tests are not standardized, often lack appropriate validation, and their
performances vary widely [7]. Furthermore, serology should be applied only after a lesion
is visualized on imaging; however, most seroassay performance studies were not
designed to fulfill this criterion [8]. False positive reactions may occur, with frequent
cross-reactivity in case of infection with E. multilocularis, causing alveolar echinococcosis
(AE) [7,9,10]. Misdiagnosis of CE and AE [11], and likewise of other etiologies, may have
dramatic consequences. Finally, sensitivity is influenced by a number of factors, resulting
in false negative results [7,12,13]. Therefore, a negative serology may occur even in the
presence of active CE.

Serology results must be interpreted in the light of imaging characteristics and pre-
test probabilities of a lesion being CE or another etiology [13,14]. At present, no evidence-
based consensus algorithm exists to guide the use of serological tests in the diagnostic
process of CE-evocative lesions. In a retrospective study, it has been suggested that the
application of a Western blot test, as a single-test approach or as a confirmation after two
first-level tests, might have the best performance [14].

Here, we aim to evaluate the performances of nine serological tests commercialized
in Europe for the diagnosis of “echinococcosis”, using a panel of well-characterized sera
from patients with hepatic CE and with non-CE lesions potentially in differential
diagnosis with CE. The work is presented according to STARD (Standards for Reporting
Diagnostic accuracy studies) recommendations [15].

2. Materials and Methods
2.1. Ethics Statement

All patients signed the informed consent for storage and research use of the leftover
serum when blood was sampled for routine analyses. Approval was granted by the Ethics
Committees of San Matteo Hospital, Pavia (n. 20150004877) and of Verona and Rovigo
Provinces (n. 66411 of 25/11/2019), Italy.

2.2. Samples Panel and Classification

This is a diagnostic accuracy study performed on stored sera from patients with
hepatic CE and nonparasitic focal hepatic lesions, visited between 2012-2019 in the
Department of Infectious Diseases, IRCCS San Matteo Hospital Foundation, Pavia, and
the Department of Infectious-Tropical Diseases and Microbiology (DITM), IRCCS Sacro
Cuore Don Calabria Hospital, Negrar, Italy. Sera were stored at -80°C and thawed <2
times before use. Patients and samples, if available, were selected based on: (1) presence
of 21 focal liver lesion of nonparasitic (controls) or CE (cases) etiology; (2) available
ultrasound (US) images and/or reports defining the non-CE lesion or the staging of the
CE cyst(s) according to the WHO-IWGE (WHO Informal Working Group on
Echinococcosis) classification [5]; (3) whenever possible, serum collected from patients
with CE who were treatment-naive or whose treatment started <15 days or ended >12
months before serum collection [11]. If multiple hepatic CE cysts were present, the case
was classified according to the stage of the cyst known to be most commonly associated
with positive serology [13]. Cases were then grouped into having “liquid” active (CEl,
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CE2, CE3a, CE3b) or “solid” inactive (CE4, CE5) CE. Controls were classified as having
“liquid” or “solid” focal liver lesions. Anonymized details of the included sera/patients
are available in File S1.

2.3. Diagnostic Tests

Sera were analyzed using nine commercially available tests (Table S1): five IgG
Enzyme-linked Immunosorbent Assays (ELISA; DRG Instruments, Marburg, Germany;
EUROIMMUN, Lubeck, Germany; Vircell, Grenada, Spain; IBL International, Hamburg,
Germany; R-Biopharm, Darmstadt, Germany), two Western Blot (WB; LDBIO
Diagnostics, Lyon, France; EUROIMMUN, Lubeck, Germany), one Chemiluminescence
Immunoassay (CLIA; Vircell, Grenada, Spain), and one Immunochromatographic (ICT)
rapid diagnostic test (RDT; Vircell, Grenada, Spain). All tests were donated from the
manufacturers, with the exception of DRG ELISA, which is routinely in use in the DITM
lab, and of LDBIO WB, which was 50% waived. No manufacturer had any role in sample
processing, data analysis or results interpretation. The laboratory operators were blind to
the classification of the samples and to the results of other tests/readings.

For the ELISA assays (Table S1), sera were tested in single and Optical Densities read
using the ELx800 ELISA reader (BioTek Instruments, Winooski, VI, USA). The
ECHINOCOCCUS Western blot IgG (LDBIO Diagnostics), was performed using the
DynaBlot Plus (DYNEX TECHNOLOGIES, Prague, Czech Republic) instrument. One
experienced laboratory operator read and interpreted the bands (Table S1). In case of
doubt, the strip was read by a second operator and, in case of discordant interpretation,
by a third operator, as per routine procedure at DITM laboratory. The Anti-Echinococcus
EUROLINE WB IgG (EUROIMMUN) was read visually and using the EUROLineScan
dedicated software. For visual reading, due to the complexity of the procedure, each strip
was read by two experienced laboratory operators, and, in case of interpretation leading
to discordant results, by a third operator (Table S1). The HYDATIDOSIS VIRCLIA® IgG
MONOTEST (Vircell) was performed using the VIRCLIA® Powerful Automation System
(Thunderbolt®) and results processed by the dedicated software. The VIRapid
HYDATIDOSIS (Vircell) assay was read by two experienced operators and by a third
operator in case of pos/neg discordant reading (Supplementary Materials Table S1).

2.4. Statistical Analysis

Patients/samples formed a convenience series limited by availability of 135 stored
sera. The diagnosis and staging of CE were based on the US findings, before serology
results were available. Tests sensitivities and specificities were calculated considering US
as the gold standard; seroassays were index tests. Pre-test and post-test probabilities were
estimated by simulating the application of the index assays in areas of low (0.5%) and
mid-high (5%) prevalence of CE. We considered that 50% of CE cysts would be active and
50% inactive [16]. We also considered 2.5% the prevalence of biliary cysts and 5% the
prevalence of hemangioma (arguably the most common focal “liquid” and “solid” liver
lesion, respectively) in the population [16-22]. Diagnostic accuracy analyses were
performed interpreting borderline/gray-zone/indecisive (thereafter “borderline”) results
as either positive or negative. When tests were combined, the final diagnosis (CE/non-CE)
was interpreted either with a “concordant-positive” approach (i.e., diagnosis of CE in case
of 2 concordant positive tests) or with a “one-positive-only” approach (i.e., diagnosis of
CE in case of just 1 positive test). Parameters are reported with 95% confidence interval
(CI) and statistical significance level fixed at 0.05. The SAS software version 9.4 (Cary, NC,
USA) was used for the statistical analysis.
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3. Results
Serum Samples Cohort

Patients and sera characteristics are detailed in File S1. A total of 135 sera were
analyzed, 65 from patients with non-CE focal hepatic lesions (controls) and 70 from
patients with hepatic CE (cases). Forty-five cases were classified as having “liquid” active
CE (CE1 n =9, CE2 n =10, CE3a n = 12, CE3b n = 14) and 25 having “solid” inactive CE
(CE4 n =16, CE5 n = 9) (Figure 1). Fifty-four (83.1%) control sera were from individuals
with “liquid” and 11 (16.9%) with “solid” focal hepatic lesions (Figure 1). No sera from
patients with AE were available. Due to limited availability of serum, only 126 sera could
be tested with the ICT assay, 62 from cases and 64 from controls.

Example CE cysts
With liquid content

With solid content
CE4 '

Example non-CE focal liver lesions
With liquid content With solid

HCC "

Figure 1. Example ultrasound images of focal liver lesions in differential diagnosis with CE. Top
panel: CE cysts in active (CE1) and transitional (CE3a) stages, having a liquid content, and inactive
(CE4) stage with solid appearance. Lower panel: focal liver lesions of other etiology with liquid
(biliary cyst and cystadenoma) and solid (atypical haemangioma) appearance. HCC:
hepatocellular carcinoma.

4. Evaluation of the Diagnostic Accuracy of Assays
4.1. Single Tests

The performances of each test are shown in Figure 2 and Figure S1, and detailed in
File 52 and File S3. Sensitivity ranged from 43 to 94% and from 31 to 87%, and specificity
from 68 to 100% and from 94 to 100%, when borderline results were considered as positive
or negative, respectively. Sensitivities were higher in the “active CE-liquid lesions”
compared to the “inactive CE-solid lesions” subgroup (Figure S2).
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Figure 2. Diagnostic performance of the single index tests, on the whole sera cohort. Sensitivity and specificity of assays
when borderline results were considered as positive (A) and negative (B). Percentage of borderline results (C). Error bars
represent 95% CL

The IBL ELISA had the lowest sensitivity while specificity was lowest for the
Euroimmun WB and the Euroimmun ELISA. The highest rate of doubtful results was
observed for the Euroimmun WB (>17%), followed by the Euroimmun ELISA (6.67%) and
the IBL ELISA (5.93%) (Figure 2). The rate of doubtful results was comparable in the
“active CE-liquid lesions” and in the “inactive CE-solid lesions” groups (Figure 2). The
Euroimmun WB had also the highest rate (2.33-3.28%) of E. multilocularis species
misidentification in sera from CE cases, compared with 1.72% of LDBIO WB. Furthermore,
with the Euroimmun WB automatic reading, all (n = 4) false positive results were
identified as E. multilocularis (File S2). Overall, the visual reading of the Euroimmun WB
was very demanding, with about half of tests having bands read differently between
operators (File S2). In the light of these results, Euroimmun WB, Euroimmun ELISA, and
IBL ELISA were not further evaluated.

4.2. Combination of Two Tests

Due to the risk of false positive results, especially in patients from areas of high CE
prevalence [23,24], the combination of at least two concordant positive tests to confirm the
diagnosis of CE seems a sensible strategy, as also applied for other infections [25,26].

WB is expensive, may not be widely available, and requires trained personnel for its
interpretation. Therefore, firstly we evaluated the diagnostic performance of the
combination of two tests different from WB. Results are shown in Figure 3 and detailed in
File S3. Sensitivity ranged from 58 to 67% (borderline = negative, “concordant-positive”
approach) to 71-80% (borderline = positive, “one-positive-only” approach). Specificity
was very high (98-100%) for all combinations and independently of the interpretation
approach.
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Figure 3. Diagnostic performance of the two non-WB index tests, on the whole sera cohort. Sensitivity and specificity of
assays when borderline results were considered as positive and final result interpreted using the “one positive only”
approach (A) or the “concordant positive” approach (B); and when borderline results were considered as negative and
final result interpreted using the “one positive only” approach (D) or the “concordant positive” approach (E). Percentage
of discordant results when borderline results were considered as positive (C) or negative (F). Error bars represent 95% CI.
Of note, CLIA Vircell and ELISA Vircell contain the same antigenic preparation, therefore its combined use should be
avoided; data relative to this combination are presented for completeness.

WB is commonly used to confirm the positive result of a first-level test. We therefore
explored the diagnostic accuracy of the combination of each non-WB assay followed by
the LDBIO WB in case of positive or borderline result. Results are shown in Figure 4 and
detailed in File S3. Sensitivity ranged from 63 to 73% with mean 36% first-level tests
requiring an additional analysis by LDBIO WB. We then explored whether sensitivity
could be improved by applying the WB on negative and borderline first-level tests results.
Sensitivity improved to 85-86%, but mean 65% of first-level tests would require an
additional analysis by WB (Figure 4 and File S3).

A Whole cohort, one non-WB test followed by WB LDEIO B Whole cohort, one non-WB test followed by WB LDBIO Cc
in case of negative and borderline result

in case of positive and borderline result

& °
- Soncitivity
B Specificity

Whole cohort, one non-WB test followed by WB LDBIO,
% firts-line test requiring 2nd WB test

B WE LDBIO
60 after postive
or bordarfine
resull
40
= WE LDBIO
20 after negative

or bordering
rasult

Figure 4. Diagnostic performance of the combination of each non-WB assay followed by LDBIO WB, on the whole sera
cohort. Sensitivity and specificity of assays when borderline results were considered as positive (A) and negative (B).
Percentage of first-level non-WB tests requiring a second WB test (C). Error bars represent 95% CI. Of note, CLIA Vircell
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and ELISA Vircell contain the same antigenic preparation, therefore its combined use should be avoided; data relative to
this combination are presented for completeness.

4.3. Combination of Three Tests

It has been suggested that the application of a confirmative WB test after two first-
level tests might have the best performance for the diagnosis of hepatic CE [14]. We
therefore evaluated the performance of this approach. Specificity was very high (98-100%)
for all combinations and interpretations. In case WB was applied only if the first 2 tests
had discordant results, sensitivity ranged from 69 to 76% with mean 6% first-line tests
requiring a WB analysis. In case WB was applied on both discordant and concordant
negative results of the first two tests, sensitivity ranged from 73 to 86% with mean 69%
first-line tests requiring further WB analysis. Results are shown in Figure 5 and detailed

in File S3.
Whole cohort, two non-WE tests B Whole cohort, two non-WB tests
(borderline = negative, "concordant positive” reading) (borderline = negative, "concordant positive” reading)
followed by WB LDBEIO if discordant results followed by WB LDBIO if discordant and concordant negative results

B Sansitivity
= Specificity

C Whole cohort, two non-WB tests
(borderline = negative, "concordant positive” reading)
followed by WB LDBIO, % first-line test requiring WB
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Figure 5. Diagnostic performance of the combination of two first-line non-WB assays (borderline results considered as
negative and “concordant positive” interpretation approach applied) followed by LDBIO WB, on the whole sera cohort.
Sensitivity and specificity of assays when WB was applied only following discordant first-level tests results (A) and
following both discordant and concordant negative results (B). Percentage of first-level non-WB tests combinations
requiring a following WB test (C). Error bars represent 95% CI. Of note, CLIA Vircell and ELISA Vircell contain the same
antigenic preparation, therefore its combined use should be avoided; data relative to this combination are presented for
completeness.
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5. Simulation of Post-Test Probabilities

Pre-test and post-test probabilities are more readily interpretable concepts in clinical
practice than sensitivity and specificity. We therefore explored the probabilities of a
positive and negative serology result to correspond to CE infection, in patients with
“liquid”- or “solid”-appearing focal liver lesions. Results are shown in Figure S3. The
probability of a patient with evocative focal liver lesions of having CE in case of positive
serology was high (83-100%). The probability of a patient having CE despite a negative
serology was low in the presence of active CE (1-3%) but not negligible in the case of
inactive CE (10-23%).

6. Discussion

The diagnosis of CE may be challenging due to the different morphology of CE cysts,
their wide spectrum of differential diagnoses, and the often little familiarity of physicians
with this infection. Serology is applied when the diagnosis cannot be based on imaging
alone. The current WHO-IWGE Expert Consensus [5] recommends the application of “a
high-sensitivity serological test, confirmed by a separate high-specificity serological test”;
however, no consensus algorithm is available to guide the application and interpretation
of serology. Based on a retrospective analysis of serology results, it was suggested that
WSB, alone or to confirm the result of two first-line tests, might have the best performance
[14]. Here, we examined the diagnostic performances of nine serological tests
commercialized in Europe for the diagnosis of “echinococcosis”, and their combination,
using a panel of well-characterized, clinically appropriate sera.

We did not pre-set performance thresholds to define an assay as acceptable; however,
we excluded three tests from the combination analysis due to their unsatisfactory
performances. For all other tests, specificity was very high. This is not surprising because
control sera were from selected patients with hepatic focal lesions, coming from areas not
endemic for CE, and did not include patients with AE. Therefore, the results of our study
may apply to the clinical settings in low/nonendemic areas for CE, but should be
translated with caution to high-CE or CE/AE co-endemic areas.

Several papers reported the diagnostic performance of some of the commercial
seroassays evaluated in this work [8,10,13,14,27-30]. As diagnostic performances
substantially depend on the characteristic of CE cysts and controls forming the examined
sample cohort [13], it is difficult to directly compare the results of studies, even more so
when cyst stages and other relevant factors are not described and the aims of the studies
differ. However, diagnostic accuracy parameters found in this study were, overall, within
the reported ranges for those tests previously evaluated in the published literature
[8,10,13,14,27-30].

In accordance with previous results of a study with comparable design [14], the
LDBIO WB assay resulted the best single test to apply in the presence of suggestive focal
liver lesions (Se 83%, 95%CI 72-91%; Sp 98%, 95%CI 91-100%). Of note, the visible band
identifying the only false positive result of this test was faint and irregular; therefore, the
specificity of the assay was probably underestimated in this study. When considering
other assays and combinations, higher sensitivities were, logically, achieved when
borderline results were considered as positive and using the “one-positive-only”
approach. However, this approach should probably not be recommended in all settings,
especially in areas of intense E. granulosus circulation and co-endemicity with potentially
cross-reactive parasitoses, where false positive results are expected to be much more
frequent. Since a diagnosis of CE cannot be excluded by a negative serology and prompts
further investigations, a false negative result would be a more “cautionary” result. We
therefore privileged the interpretation of borderline results as negative and of test
combinations using the “concordant-positive” approach. When applying these stringent
criteria, the application of two first-level tests followed by WB in case of discordant results
(Se 67-73%, 95%CI 55-86%; Sp 100%, 95% CI 94-100%), or in case of discordant and
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concordant negative results (Se 73-86%, 95%CI 61-93%; Sp 98-100%, 95%CI 92-100%),
had the best performances.

Deserving a final mention is the accuracy of Echinococcus species identification based
on WB banding pattern. It is well known that WB can discriminate CE and AE only in a
percentage of cases [10]; furthermore, our results show that a variable proportion of sera
from patients with CE and from uninfected patients can be identified as AE based on WB
banding pattern. This is of great concern because CE and AE (and other causes of focal
liver lesions) have very different clinical management and prognoses. Therefore, a very
cautious interpretation of WB banding pattern for Echinococcus species identification is
absolutely needed, which in no way can constitute the sole basis of species identification.

This study had several limitations. Sera from patients with AE were unavailable;
furthermore, controls did not come from the same areas of patients with CE. This may
have been responsible for the very high specificity of all tests, and highlights the need to
perform a similar study in CE-endemic and CE/AE co-endemic areas. We could not
exclude pulmonary CE in control patients. This possible source of false-positive results,
however, seems of marginal concern, because very few false-positives were obtained and
because anyway lung CE is associated with a low rate of seropositivity [31]. Finally, half
of sera from patients with CE came from patients who received albendazole treatment,
one third of which recently (File S1), that may have increased tests sensitivities [13]. On
the other hand, the strength of this study is the use of a relatively large sample size of sera,
from patients with well-characterized lesions, and selected using stringent criteria, to
minimize the possible influence of previous treatment on serology results. This allowed
evaluating assays performance in the conditions most similar to a first diagnosis of the
focal liver lesion.

7. Conclusions

To conclude, a WB appears the best test to apply when a one-test approach is chosen.
The performance of two first-level tests, read with stringent criteria and possibly
confirmed by a validated WB, appears similarly sensible. However, careful verification of
assays performance, including of WB assays, using a panel of well-characterized sera
appropriate to the clinical-epidemiological setting, should be carried out before
introducing any test in clinical practice. Similar studies should be carried out in CE-
endemic and CE/AE co-endemic areas and using a prospective, diagnostic-benefit design.

Supplementary Materials: The following are available online at www.mdpi.com/2075-
4418/11/2/167/s1, Figure S1: Heat map representation of results of all index tests in individual sera,
Figure S2: Diagnostic performance of single index tests by patients’ subgroups, Figure S3:
Probability of a positive (red arrow) and negative (blue arrow) test to indicate a diagnosis of active
or inactive CE when representative combinations of assays are applied in low and mid-high
prevalence of CE, Table S1: Description of the evaluated serological tests. File S1: Sera and patients’
details, File S2: Serology assays results, File S3: Sensitivity, specificity, and post-test probability
analyses details.
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