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Immunoreactivity in pulmonary echinococcosis *
1. A comparative study of immunodiagnostic tests

T. TODOROV,1 I. DAKOV,2 M. KoSTURKOVA,2 S. TENEV,3 & A. DIMITROV4

A comparison was made of the diagnostic value of five immunological tests-comp-
lement fixation (CF), latex agglutination (LA), bentonite flocculation (BF), passive
haemagglutination (PHA), and intradermal (ID)-in patients operated on forpulmonary
echinococcosis. The sensitivity of all five tests was significantly lower in the patients with
pulmonary echinococcosis than in a comparable group with liver echinococcosis. Some
252 patients with miscellaneous nonhydatid diseases and parasitic infections were also
tested; nonspecific reactions were highest in the ID and CF tests and lowest in the LA and
BF tests. None of the serological tests was significantly more sensitive than the others,
although the CF test was somewhat less sensitive and therefore probably has the least
diagnostic value in pulmonary echinococcosis. The ID test showed a significantly higher
sensitivity than any of the serological tests. The difficulties encountered in the immunodiag-
nosis ofpulmonary hydatid disease are discussed and it is recommended that at least two
serological methods (PHA and either LA or BF) and the ID test should be used in each
case.

Facilities for the immunological diagnosis of
echinococcosis have greatly improved over the last
two decades. In addition to the classical complement
fixation and Casoni intradermal tests, a number of
laboratories now use as routine methods the passive
haemagglutination, latex agglutination, bentonite
flocculation, and immunoelectrophoresis tests. Im-
munofluorescence, immunodiffusion, immunoelec-
tro-osmophoresis, scolex precipitation, and enzyme-

* From the Medical Academy, Sofia 31, Bulgaria. This work
was supported in part by the World Health Organization.

I Lecturer in Parasitology, Department of Parasitology and
Tropical Medicine, Institute of Infectious and Parasitic Diseases.

2 Assistant, Pulmonary Surgery Clinic, Institute of Surgery and
Anaesthesiology.

3 Associate Professor, Pulmonary Surgery Clinic, Institute of
Pneumology and Phthisiatry.

4 Associate Professor, Child Surgery Clinic, Institute of Paediat-
rics.

linked immunosorbent assay (ELISA) are also used,
though not so widely.
A problem often discussed, and which has not

been completely clarified, is the more limited diag-
nostic value of the immunological tests in the case of
pulmonary hydatid disease than in hepatic or ab-
dominal echinococcosis (1, 3, 5, 7, 8, 10, 11, 12, 15).
The present paper reports additional findings on

the immunodiagnosis of pulmonary echinococcosis,
evaluating qualitatively and quantitatively the sen-
sitivity and specificity of five immunodiagnostic
techniques. The aim of the study is to propose an
immunological approach to the diagnosis of pul-
monary echinococcosis.

MATERIALS AND METHODS

The study comprised 90 patients operated on for
pulmonary echinococcosis. All patients were investi-
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gated before surgery by means of a complete clinical
examination, including X-ray and hepatic scinti-
graphy. Liver cysts were found in 9 patients and 10
others had more than one lung cyst. Nine of the
patients had already been operated on, some of
them more than once for echinococcosis of the lung,
liver, or other sites. A group of 124 patients with
surgically confirmed liver echinococcosis, another of
148 patients with miscellaneous nonhydatid pulmo-
nary diseases, and a third of 104 persons with
parasitic infections were also tested.

The complement fixation (CF) test was used as
modified by Todoroff & Yurukova (15); 1:5 and
4+ was accepted as a positive titre.

The passive haemagglutination (PHA) test was
performed according to the method of Garabedian
et al. (5) as modified by Todorov (16). The reaction
was accepted as positive at a minimum diagnostic
titre of 1:200.

The latex agglutination (LA) test was used as
discribed by Szyfres & Kagan (13); 1: 5 was taken as
the diagnostic titre.

The bentonite flocculation (BF) testwas essentially
based on the description of Bozicevich et al. (2) with
slight modifications. The bentonite suspension was
centrifuged at 500 g for 15 min and then at 750 gfor
a further 15 min. The test was considered positive at
a titre of 1: 5 or above.

The intradermal (ID) test was carried out by
inoculation of 0.1 ml of the antigen (17).
The antigens used for the serological tests were

the same as described previously (15). The ID test
was performed with an antigen, the nitrogen content
of which was reduced to 50-100 [ig/ml by dilution.

Table 1. Comparative diagnostic sensitivity of the
complement fixation (CF), latex agglutination (LA),
bentonite flocculation (BF), and passive haemaggluti-
nation (PHA) tests in 90 patients with pulmonary
hydatid disease and in 124 patients with liver hydatid
disease

Lung echinococcosis Liver echinococcosis
Serological

test
Positive result Geometric Positive result Geometric

mean titre mean titre
No. % No. %

CF 56 62.2 1:9 107 86.3 1:30

LA 64 71.1 1:21 111 89.5 1:83

BF 62 68.8 1:14 112 90.3 1:90

PHA 64 71.1 1:515 118 95.1 1:7870

RESULTS

In patients with pulmonary cysts, the lowest
sensitivity was obtained with the CF test (62.2 %);
the sensitivities of the other three serological
methods were very similar to one another. In gen-
eral, the differences in the sensitivity of the four tests
were not statistically significant (t < 1.96). In
patients with liver echinococcosis, a considerably
higher percentage of positive results and apparently
higher geometric mean titres were obtained than in
those with lung cysts, the differences being statisti-
cally significant (t >1.96) (Table 1).

Fig. 1 shows the distribution of titres in pulmonary
and hepatic echinococcosis. The titres were consi-
dered low up to 1: 20 for the CF, LA, and BF tests
and up to 1:1600 for the PHA test, medium up to
1:160 and 1:12 800, respectively, and high above
these titres. In the group with pulmonary hydatid
cysts the low titres predominated; in patients with
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Fig. 1. Distribution of antibody titres obtained by
complement fixation (CF), latex agglutination (LA),
bentonite flocculation (BF), and indirect (passive)
haemagglutination (IHA) tests in patients with lung
and liver echinococcosis.
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IMMUNOREACTIVITY IN PULMONARY ECHINOCOCCOSIS. 1

liver cysts the medium and high titres were charac-
teristic.

In cases with lung echinococcosis, immediate
hypersensitivity was observed in 83.3 % and delayed
hypersensitivity in 57.7% (Table 2). Four other

Table 2. Results of cutaneous hypersensitivity in pa-
tients with pulmonary and liver hydatid disease

Positive result

Site Number Immediate Delayed
tested

No. % No. %

Lung 90 75 83.3 52 57.7

Uver 124 115 92.7 78 62.9

patients who did not show immediate hypersensi-
tivity showed delayed hypersensitivity. Thus the
positive reactions in the ID test increased to 87.7 %.
The difference between the sensitivity of the ID test
and that of the serological test in lung echinococcosis
was statistically significant (t >1.96). In patients
with hepatic echinococcosis, the percentage of posi-
tive results in the skin test was higher than in those
with pulmonary echinococcosis; the difference,
however was not statistically significant (t <1.96).

Table 3. Correlative comparison of the results of the
complement fixation (CF), latex agglutination (LA),
bentonite flocculation (BF), passive haemagglutination
(PHA), and intradermal (ID) tests in patients with
pulmonary hydatid disease.

Immunological tests
No. %

CF LA BF PHA ID

+ + + + + 49 54.4

- - - - - 6 6.7

_ + + + + 5 5.5

+ + + + - 2 2.2

+ + + - + 1 1.1

+ + + - - 1 1.1

+ - - + + 1 1.1

_ + + + - 3 3.3

+ + - - - 1 1.1

+ - + - - 1 1.1

- + - - + 2 2.2

_ _ _ + + 3 3.3

- - - + - 1 1.1

- - - - + 14 15.5

Table 4. Comparative diagnostic specificity of the
complement fixation (CF), latex agglutination (LA),
bentonite flocculation (BF), passive haemagglutination
(PHA), and intradermal (ID) tests in patients with
nonhydatid pulmonary diseases and with parasitic
infections (number positive over number examined).

Immunological tests

Diagnosis ID
CF LA BF PHA (immedi-

ate)

Pulmonary diseases

Lung cancer 4/45 0/43 1/37 2/42 5/52

Nonhydatid
pulmonary cysts 3/16 3/15 2/13 2/16 3/18

Benign tumours 3/21 0/21 1/17 0/21 2/24

Tuberculosis on 0/6 0/5 1/7 1/9

Nonspecific
inflammations 3/17 2/17 1/14 1/16 3/19

Miscellaneous 0/16 1/16 0/14 2/16 0/26

Total 13/122 6/118 5/100 8/118 14/148

Percent positive 10.6 5.1 5.0 6.8 9.4

Parasitic infections

Trichuriasis 2/26 1/26 1/26 1/26 3/26

Ascariasis 1/14 1/14 2/14 1/14 1/14

Ancylostomiasis 1/17 1/17 0/17 1/17 2/17

Multiple nematodosis 2/12 1/12 1/12 1/12 2/12

Taeniasis 4/19 3/19 3/19 2/19 4/19

Hymenolepiasis 1/5 1/5 1/5 1/5 1/5

Fascioliasis 1/2 1/2 1/2 1/2 1/2

Giardiasis 0/7 on on 0/7 on

Schistosomiasis 1/2 0/2 0/2 0/2 1/2

Total 13/104 9/104 9/104 8/104 15/104

Percent positive 12.5 8.6 8.6 7.7 14.4

Total examined 226 222 204 222 252

Number positive 26 15 14 16 29

Percent positive 11.5 6.7 6.8 7.2 11.5

The comparison of the results obtained with the
five immunological methods is shown in Table 3. In
61.1 % of the cases a correlation of the results was
observed, being 54.4% for the positive and 6.7%
for the negative reactions. In the remaining 38.9%
of cases there was a lack of correlation; 14 cases

(15.5 %) were positive with the ID test and negative
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with the other four methods, and nine patients
(10%) were negative with the ID test but positive
with 1-4 of the other serological tests.
The highest percentage of nonspecific reactions in

252 patients with miscellaneous nonhydatid diseases
was in the ID and CF tests (11.5%), the lowest
percentages being for the LA (6.7 %) and BF tests
(6.8 %) (Table 4). False positive reactions in patients
operated on for nonhydatid pulmonary diseases
were slightly lower than for those with parasitic
infections; the differences were not statistically
significant (t < 1.96). A tendency for more frequent
nonspecific reactions was observed in patients in-
fected by cestodes, trematodes, and multiple
nematode parasites. The nonspecific positive skin
reactions were characterized by comparatively
smaller wheal sizes (1.2-1.8 cm2). The titres of the
false positive reactions were slightly above the
minimum diagnostic titres, reaching 1:5-1:20 for
the CF, LA, and BF test and 1: 200-1: 800 for the
PHA test.

DISCUSSION

Comparison of the four different serological tests
shows that none was significantly more sensitive
than the others. However, the CF test was somewhat
less sensitive and therefore probably has the least
diagnostic value in pulmonary echinococcosis. The
ID test showed a significantly higher sensitivity than
any of the serological tests (87.7%); this confirms
results obtained by other authors (9, 14).
The present study demonstrates once more the

difficulties encountered in the immunodiagnosis of
pulmonary echinococcosis. This could be overcome
by using an appropriate immunodiagnostic approach
when examining patients with lung hydatid disease.
The percentage of coincidence in the negative results
(6.7 %) and the established lack of complete coinci-
dence (38.9 %) of the immunodiagnostic procedures
(Table 3) suggests that the improvement of their
sensitivity and specificity could be achieved by the
use of more than one test. Thus the immunological
approach should be based on methods characterized
by their high sensitivity and specificity; methods that

meet these requirements are the PHA and LA or BF
tests.
We recommend that a third method be also used,

namely the ID test, in order to enhance the diagnos-
tic value of the PHA and LA (BF) tests. The ID test
was positive in 14 patients with pulmonary
echinococcosis, while the other three tests were
negative in these patients. The nonspecific results
obtained with the ID test, although not significantly
different, might lead to reservations regarding its use
as an additional procedure in the diagnosis of lung
echinococcosis, particularly when patients with other
parasitic infections are tested (4, 11, 18). This
inconvenience could be overcome by using appropri-
ate antigens with a low nitrogen concentration (6, 7)
and by developing adequate criteria for interpreting
the results. The use of the ID test, however, could
increase the diagnostic value of the two serological
tests by about 15.5 %, so we recommend it as a test
of next choice in the immunodiagnosis of pulmonary
hydatid cysts.

The results obtained with the PHA, LA (BF), and
ID tests should be interpreted carefully in each
individual case of lung echinococcosis in order to
avoid possible diagnostic errors. Thus, when the
PHA and LA (BF) tests are positive and the ID test
is negative, immunodiagnosis of lung echinococcosis
should be recorded. The same conclusion should be
reached when two tests are positive or negative, one
of them being the ID test, particularly when the
positive serological titres are relatively higher. The
immunological confirmation of the disease is more
difficult when the PHA and LA (BF) tests are
negative while the ID test is positive. In this case the
character and the intensity of ID test results should
be taken into consideration. Strong immediate hy-
persensitivity with the wheal area over 2-2.5 cm2,
and particularly in the presence of a delayed reac-
tion, is very indicative of pulmonary echinococcosis.
In the interpretation of the ID test the size of the
control wheal must be taken into consideration; if
the area of the control wheal is more than half that
of the test wheal, a positive diagnosis should not be
made.
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RISUMI

LA RtACTIVIt IMMUNITAIRE DANS L'ECHINOCOCCOSE PULMONAIRE
1. tTUDE COMPARPE DE DIFF'ARENTES EPREUVES UTILISEES POUR LE DIAGNOSTIC IMMUNOLOGIQUE

Dans le present m6moire, les auteurs procedent a une
etude comparee de l'efficacite diagnostique de cinq
epreuves immunologiques - la fixation du complement
(CF), l'agglutination au latex (LA), la floculation a la
bentonite (BF), l'hemagglutination passive (PHA) et l'in-
tradermo-reaction (ID) chez des malades operes d'un kyste
hydatique pulmonaire. Les r6sultats sont compares avec
ceux obtenus dans l'echinococcose hepatique. Chez les
malades porteurs de kystes pulmonaires les epreuves se
sont revelees beaucoup moins sensibles (CF 62,2%, LA
71,1%, BF 68,8%, PHA 71,1%, ID 83,3%) que chez
ceux porteurs de kystes hepatiques (CF 86,3 %, LA
89,5%, BF 90,8%, PHA 95,1%, ID 92,7%), les diffe-
rences etant statistiquement significatives. Si l'on notait,
entre l'intradermo-r6action et les epreuves serologiques,
une difference de sensibilit6 statistiquement significative,
ce n'etait pas le cas, en revanche, entre les diverses
epreuves serologiques. Les resultats non specifiques fournis
par ces cinq techniques d'immunodiagnostic chez des
patients atteints d'affections autres que l'echinococcose,
s'etablissaient comme suit: CF 11,5%, LA 6,7%, BF
6,8 %, PHA 7,2% et ID 11,5 %. Les differences en
pourcentage relatives aux reactions non specifiques chez
des malades operes pour une affection pulmonaire autre
que l'echinococcose (CF 10,6%, LA 5,1%, BF 5,0%,

PHA 6,8%, ID 9,4%) et des patients souffrant de mala-
dies parasitaires (CF 12,5%, LA 8,6%, BF 8,6%, PHA
7,7%, ID 14,4%) n'6taient pas statistiquement significa-
tives. Les auteurs discutent le recours a l'immunodiagnostic
dans 1'echinococcose pulmonaire, compte tenu de la sensi-
bilite et de la specificite des techniques utilisees. Pour
ameliorer l'efficacite diagnostique et reduire les reactions
non specifiques, il est jug6 necessaire d'utiliser au moins
deux methodes serologiques- l'hmagglutination passive
et l'agglutination au latex (ou la floculation a la bentonite)
- plus un test cutane (intradermo-reaction). Lorsque deux
de ces epreuves sont positives, on peut poser un diagnostic
d'echinococcose pulmonaire. Cette conclusion sera renfor-
cee par la presence de titres relativement elev6s. Si deux
des 6preuves sont negatives, dont l'intradermo-reaction, il
y a presomption d'echinococcose pulmonaire, surtout si les
titres fournis par l'epreuve positive sont elev6s. Si les
epreuves PHA et LA (BF) sont negatives et l'intradermo-
reaction positive, ce sont la nature et l'intensite de la
reaction d'hypersensibilite immediate qui devront etre
prises en consideration. Lorsque la surface de la papule
depasse 2 a 2,5 cm2, en particulier en presence d'une
reaction retardee, l'intradermo-reaction fait pencher tres
fortement le diagnostic en faveur d'une echinococcose
pulmonaire.
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