
Human primary hydatid is most frequently seen in the liver
and the lung. Radiology and serology should be assessed togeth-
er to establish a definite diagnosis for pulmonary hydatid dis-
ease [1,2]. There are studies reporting that the antibody response
is lower in lung hydatid cysts compared with liver hydatid cysts;
and serologic tests have 80-90% sensitivity in liver hydatid cysts
and 50-56% in pulmonary hydatid cysts [3-5]. The best result
in the diagnosis of pulmonary hydatid cysts is obtained by col-
lective use of radiology and serology. Nevertheless, serology is
more specific but less sensitive than imagery [6]. Among the
serologic tests, IgG ELISA and indirect hemaglutination (IHA)
are 2 important tests often used in diagnosis and in monitor-
ing the disease in the postoperative period [7-9]. In this study,
4 different serologic tests were applied to the sera of a group of
patients with pulmonary hydatid disease, and the sensitivity, the
specificity, positive and negative predictive values of the tests
were assessed.

The operation results were taken as the golden standard, and
the sensitivity and the specificity of the tests were calculated ac-

cordingly [2,9-11]. Patients’ sera were separated so as to perform
4 tests. All sera were frozen and kept -80℃ in aliquots until use. 

Two ELISA and 2 IHA tests were performed for all patient
sera. ELISA-lab and IHA-lab were prepared in our laboratory
using hydatid cystic fluid (HCF) from fertile cysts of sheep liver.
The antigen was prepared with a pool of HCF centrifuged at
15,000 g for 30 min. The supernatant was used as crude anti-
gen. The commercial Hydatidosis IgG ELISA (Vircell SL, Grana-
da, Spain) test was employed according to the manufacturer’s
instructions. Each test reaction was read spectrophotometrical-
ly at 405 nm. Cut-off optical density was calculated in cut-off
control serum for IgG. Antibody index (AI) was calculated as
follows: AI = sample OD/cut-off OD × 10. AI greater than 11
was accepted as seropositive, and values lower than 9 were con-
sidered as seronegative. Values between 9 and 11 were accept-
ed as borderline and the test was repeated for all these sera. ELISA
was prepared by the method of Coltorti et al. [12]. The readings
were taken at 410 nm. The serum dilutions that resulted in an
absorbance at least twice the mean absorbance of wells contain-
ing negative control samples were considered positive. Thus, 1 :
160 and higher dilutions was accepted as positive [11]. The com-
mercial Hydatidosis IHA (Hydatidose, Fumouze Laboratoires,
France) test was employed according to the manufacturer’s in-
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logical tests, i.e., the commercial ELISA (ELISA-kit) test, the ELISA (ELISA-lab) test prepared in our laboratory, the com-
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nic acid (IHA-TA). The ELISA-kit was the most sensitive (84.2%) and the most specific test (100.0%). The ELISA-kit also
demonstrated the highest positive (100.0%) and negative (95.2%) predictive values. The sensitivity of the ELISA-lab test,
that we prepared, was found to be 73.6%, whereas the IHA-kit test and the IHA-TA test were found to be 73.6% and
68.4%, respectively. The specificity of these tests was 96.6%, 98.3%, and 83.3%, respectively. When all 4 tests were
assessed together, it was found that the sensitivity had risen to 94.7%. When the ELISA-kit was assessed with the IHA-
kit and IHA-TA together, it was found that the sensitivity was 89.5% and 84.2%, respectively. Likewise, the combination of
the ELISA-lab and IHA-kit or IHA-TA allowed us to achieve a sensitivity of 84.2% in cases of pulmonary echinococcosis.
In conclusion, the diagnosis would be imminent if least 2 tests were applied together.
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structions. A titer of ≥ 1 : 320 was evaluated as positive. The
fourth test we prepared in our own laboratory using HCF was
the IHA test where erythrocytes were sensitized with tannic acid
[13]. One hundred ml of the test or control sera diluted 1 : 32
and above in 1% inactived rabbit serum were placed in each
well. Next, each well was filled with 50 ml red blood cells. After
2 hr, serological reactivity was detected in all sera. A titer of ≥
1 : 32 was accepted as positive [13].

The sensitivity, specificity, positive and negative predictive
values of each test was given. To compare sensitivity and speci-
ficity of each test, we used receiver-operating characteristic (ROC)
curve of each test and presented area under curve (AUC). The
area under the ROC curve for the ELISA-kit, ELISA-lab, IHA-kit,
and IHA-TA was 0.921, 0.855, 0.863, and 0.828, respectively.

In the present study, operation results of the patients were
accepted as the golden standard. Accordingly, when assessed
with respect to pulmonary hydatid cysts, 12 of the 19 patient
sera, which had definitely been determined to be positive, were
found to be positive with all the tests. Six of the remaining sera
were found to be positive with at least 1 test, whereas the seven-
th serum was not positive with any of the tests. Thus, when all
4 tests were assessed together, the sensitivity had risen to 94.7%.
The positive and negative predictive values of the tests were over
81.2%. Specificity, sensitivity, and positive and negative predic-
tive values are shown in Table 1. Furthermore, when we used
ELISA and IHA tests together, the sensitivity increased marked-
ly. When ELISA-kit was assessed with IHA-kit and IHA-TA toge-
ther, the sensitivity was 89.5% and 84.2%, respectively. While
ELISA-lab and IHA-kit or IHA-TA was used together, the sensi-
tivity had risen from 73.6% to 84.2%. In addition, we determi-
ned 18 of the 19 positive patients when we used all 4 tests toge-
ther, and the sensitivity reached 94.7%. 

Using 40 sera from parasitosis and other pulmonary illness-
es and 20 healthy subject sera as controls, specificity results of

the tests were obtained. Of the 60 definitely negative patients,
56 were found to be negative in all the tests (Table 2). Of the
remaining 4 patients, 1 patient with bronchopulmonary cancer
was determined to be false positive in IHA-TA. Likewise, 1 patient
with a parasitic disease (taeniasis saginata) was false positive in
ELISA-lab. The last 2 patients (1 pulmonary infection, 1 healthy
subject) were determined to be false positive in 2 tests (Table 2).
Among the 4 serologic tests used in hydatidosis diagnosis, we
found that the IHA-TA test gave the largest number of false posi-
tives. 

Many studies have been carried out concerning immunosero-
logic tests of hydatidosis. These include studies reporting that
the sensitivity of IgG ELISA is excellent [2,6,11,14,15]. Wattal et
al. [11] found that sensitivity of IgG ELISA in patients with pul-
monary hydatidosis was 100%. Sbihi et al. [16] assessed patients
with E. granulosus having different localization by means of 4
different tests (latex agglutination, immunoelectrophoresis, and
specific IgE and IgG ELISA), and they also found the sensitivity
of IgG ELISA to be 96.5%. In their study, they conducted with
79 patients who were surgically proven to have pulmonary hy-
datid cysts. Zarzosa et al. [9] showed that the most sensitive test
was specific IgG ELISA (83.5%). So as to obtain higher sensitiv-
ity, at least 2 serologic tests are used together in many laborato-
ries. In studies carried out on Australian children, Rebhandl et
al. [10] stated that they obtained successful sensitivity results
(71%) by using new test combinations. Force et al. [8] made
use of 8 different serologic tests (IgG, IgA, IgE ELISA, latex agglu-
tination, IHA, total IgE, radioallergosorbent test (RAST), and
immunoelectrophoresis) for the postoperative diagnosis of cys-
tic disease associated with E. granulosus in 131 patients. They
reported that IgG ELISA, IHA, and IgA ELISA exhibited a sensi-
tivity of 81% when used together. In our study, we determined
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ELISA-kit ELISA -lab IHA-kit IHA-TA

Sensitivity 84.2 (16/19) 73.6 (14/19) 73.6 (14/19) 68.4 (13/19)
Specificity 100.0 (60/60) 96.6 (58/60) 98.3 (59/60) 95.0 (57/60)
Positive  100.0 (16/16) 87.5 (14/16) 93.3 (14/15) 81.2 (13/16)
predictive value

Negative 95.2 (60/63) 92.0 (58/63) 92.1 (59/64) 90.4 (57/63)
predictive value

Table 1. Serological test validity in diagnosis of pulmonary hydati-
dosis

The results are in percentage and the number of patient.
The presence or absence of pulmonary hydatid cysts of the patients has
been definitely proven operatively.

No.
sera

No. 
posi-
tive
sera

ELISA-
kit No. 
posi-
tive

ELISA-
lab No. 
posi-
tive

IHA-kit
No. 

posi-
tive

IHA-
TA No. 
posi-
tive

Other parasitic 15 1 - 1 - -
disease

Pulmonary infections 10 1 - - 1 1
Bronchopulmonary 10 1 - - - 1
cancer

Pulmonary 5 - - - - -
tuberculosis

Healthy subject 20 1 - 1 - 1
Total 60 4 - 2 1 3

Table 2. False positive results in serological tests in patients with
other parasitosis and lung illnesses, and in healthy subjects



18 of the 19 positive patients by using 2 ELISA tests and 2 IHA
tests together, and found that using these tests together increased
the sensitivity up to 94.7%. 

Among the diseases causing cross reactions, parasitic diseases
other than echinococcosis take the first place, followed by cir-
rhosis and liver and pulmonary malignancies [2,3]. Force et al.
[8] demonstrated that many serologic tests led by IgE and IgA
ELISA might be responsible for nonspecific reactions. In our
study, we observed 1 patient with bronchopulmonary cancer
false positive in 1 test, another patient with pneumonia false
positive in 2 tests, and another patient with taeniasis false posi-
tive in 1 test.

In conclusion, we have established that serologic tests are val-
uable in hydatid cyst cases and that it would be appropriate to
use these tests together with radiology for diagnosis and post-
operative follow-up of the disease. We believe that if at least 2
serologic tests are applied, sensitivity in the diagnosis will reach
higher values. 
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