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Enzyme-linked immunosorbent assay and Western blot antibody
determination in sera from patients diagnosed with different
helminthic infections with Anisakis simplex antigen purified by

affinity chromatography
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An evaluation of the sensitivity and the specificity of the Anisakis simplex antigens purified by affinity chroma-
tography was performed using sera from patients diagnosed with Anisakis sensitisation and sera from patients
previously diagnosed with different helminthic infections. Only the sera of the patients diagnosed with Schistosoma
mansoni or Onchocerca volvulus parasitic infections were negative against the A. simplex antigen and its purified
fractions (PAK antigen: A. simplex antigen purified using columns prepared with anti-A. simplex rabbit 1gG and PAS
antigen: PAK antigen purified using columns prepared with anti-Ascaris suum rabbit 1gG). However all the sera
were positive against the A. suum antigen. In all the sera from the patients diagnosed with Anisakis sensitisation,
the antibody levels detected using the purified antigens (PAK and PAS antigens) were lower than the observed using
the A. simplex crude extract with the highest diminution in the case of the IgG. When these same sera were tested
against the A. simplex crude extract by Western blot, several bands of high molecular masses were observed as well
as, intense bands at 60 and/or 40 kDa. A concentration of these last proteins was observed in the PAK and the PAS
antigens. When the sensitivity and the specificity determinations were performed, only seven of the 38 patients
diagnosed of Anisakis sensitisation were positive, as well as, the sera from the patients diagnosed with parasitisms
by Echinococcus granulosus or Fasciola hepatica.
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Anisakidosisisahuman disease caused by the inges-
tion of larval nematodes from the family Anisakidae, es-
pecialy Anisakis simplex. The infection is acquired by
eating raw seafood or undercooked fish and squid
(Sakanari & McKerrow 1989). Anisakidosisisdivided into
gastric, intestinal, and ectopic (Ishikuraet a. 1993). Due
to the vagueness of the symptoms, this disease is often
misdiagnosed as appendicitis, acute abdomen, gastric
tumor or cancer, ileitis, cholecystitis, diverticulitis, tuber-
culous peritonitis, cancer of the pancreas or Chrohn’sdis-
ease (Sakanari & McKerrow 1989).

Immunodiagnostic methods have been devel oped, but
several cross-reactivities have been observed. Although,
theintroduction of sensitive techniques, such asenzyme-
linked immunosorbent assay (ELISA) did not avoid the
presence of antibodiesthat provoke cross-reactivitieswith
Ascaris and Toxocara (Kennedy et al. 1988) when the A.
simplex larval crude extract was used as reactive for the
determination of specific IgE levelsin patients with sus-
pected anisakidosis, so by fluoro enzymo immuno assay
(FEIA), immunablot or prick test, dueto the high propor-
tion of false negativeresultsdetected (Lorenzo et al. 2000).
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In fact, extensive homology between both somatic and
excretory-secretory antigens of A. simplex and other
ascaridoid nematodes mainly A. suum, A. lumbricoides,
and T. canis has been reported (Kennedy et al. 1988).

For these reasons, in this work, an evaluation of the
sensitivity and the specificity of the A. simplex antigen
purified by affinity chromatography (Rodero et al. 2001,
2002) was carried out using serafrom patients previously
diagnosed with Anisakis sensitisation and different hel-
minthicinfections.

MATERIALSAND METHODS

Parasites - A. simplex L3 were picked up manually
from the viscera, flesh, and body cavities of naturally in-
fected blue whiting (Micromesistius poutassou) and ex-
haustively washed in water (Perteguer & Cuéllar 1998). A.
suumwere obtained from swine natural infections (Guillén
etal. 1986).

Antigens - For the preparation of the crude extract
(CE) of A. simplex (A. simplex CE antigen or AK antigen),
L 3wereplaced at 4°C in phosphate-buffered saline (PBS).
This material was homogenised in a hand-operated glass
tissuegrinder at 4°C, followed by sonicationwith aVirsonic
(Virtis, NY, US) set at 70% output power. The homogenate
was extracted in PBS at 4°C overnight and, subsequently,
delipidised with n-hexane and then centrifuged at 8497 g
for 30 min at 4°C (Biofuge 17RS: Heraeus Sepatech, Gmb,
Osterode, Denmark). The supernatant was dyalised over-
night at 4°C in PBS. The protein content of the extract was
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estimated and the extract was frozen at 20°C until used
(Perteguer & Cudllar 1998). Theantigen from A. suumadults
(A. suum CE antigen or AS antigen) was obtained using a
modification of theWelch et al. (1983) method by homo-
genisation and extraction in PBS at 4°C overnight (instead
of ultrasonic burst). Its protein content was estimated by
the Bradford (1976) method, and then the antigen was
frozen at 20°C until use (Aguilaet al. 1987, Cuéllar et al.
1990).

Hyperimmune sera - New Zealand rabbits of about 3
kg body weight were immunised with 1 mg of larval A.
simplex or adult A. suum CE antigens by the intramuscu-
lar route. The animalswere bled weekly postimmunization
(p.i.) after thefirst inocul ation (week 0) (Garcia-Palacios et
al. 1996). The experiments were carried out according to
the European Council on applied animals experiments,
published in the Guidelines 86/609ED, and controlled in
Spain by Royal Decree 223/1988 of 14 March, on the pro-
tection of animals used for research and other scientific
ends.

Human sera - Thirty-eight human anti-Anisakis sera
were obtained from the Servicio de Alergia del Hospital
del Airede Madrid. The concentration of circulating anti-
Anisakis IgE antibodies was measured by means of the
Pharmacia CAP System RAST FEIA (Pharmacia AB,
Uppsala, Sweden). The results of thisfluoro immuno as-
say werereported in kU/l and converted to CAP “ scores”
of 0(<0.35),1(0.35-0.7),2(0.7-3.5),3(3.5- 17.5),4(17.5
-50), 5(50- 100) and 6 (> 100). All the serashowed positive
CAPvauesto Anisakisby FEIA, which varied from val-
uesof CAP=1(3%), CAP=2(26%), CAP=3(47%), CAP
=4(10%), CAP=5(8%) andto CAP =6 (5%). Ninesera
from patients diagnosed with Loa loa, Onchocerca vol-
vulus, A. lumbricoides, Trichuris trichiura, T. canis, S.
mansoni, S. intercalatum, Echinococcus granulosus and
Fasciola hepatica parasitic infections were selected.

Purification of antigens by affinity chromatography
- Protein A-Sepharose CL-4B beads (PharmaciaBiotech)
columns were prepared according to the manufacturer’s
intructions. Anti-A. simplex or -A. suumrabbit antibodies,
in sample buffer 0.05 M Tris, 0.5 M NaCl, pH 8.0 were
|oaded into the columns. Fractions of 1 ml werethen col-
lected. Unbound immunoglobulins were washed with
washing buffer (0.05M Tris, 0.5M NaCl, pH 8.0). Bound
immunoglobulinsthen were eluted with glycine buffer (0.2
M glycine, 0.5M NaCl, pH 2.8). Fractionswere collected
onto 100 pl of collection buffer (Tris-base 1 M, pH 8.5)
and read on a spectrophotometer at A,q, for calculating
1gG concentration. A column was prepared with protein A
affinity isolated anti-A. simplex |gG, at aconcentration of
5mg/ml inNaHCO30.1 M withNaCl 0.5M, pH 8.5 coupled
to CNBr-activated Sepharose 4B according to the
manufacturer’sinstructions (PharmaciaBiotech). The A.
simplex CE antigen in sample buffer was |oaded into the
column and incubated 3 h at room temperature. Fractions
of 1 ml were then collected. Unbound antigens were
washed with washing buffer and bound antigens were
eluted with glycine buffer followed by 50 mM diethylamine
in saline, pH 11.5 collected into glycine to neutralise the
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eluted fractions. Fractions were read at A,gy. This anti-
gen was named as A. simplex PAK antigen. The same
procedure was carried out using columns prepared with
rabbit anti-A. suum1gG, obtaining the A. simplex PAS an-
tigen and the A. simplex EAS antigen. In summary: PAK
(A. simplex CE antigen eluted from CNBr-activated
Sepharose 4B coupled to 1gG from rabbitsimmunised with
A. simplex CE antigen), PAS (A. simplex PAK antigen af -
ter loading into a CNBr-activated Sepharose 4B coupled
to 1gG from rabbitsimmunised with adult A. suum CE anti-
gen) and EAS (A. simplex PAK antigen eluted from the
anti-A. suumcolumn).

Immunabl ot - Sodium dodecyl sul phate-polyacrilamide
gel electrophoresis (SDS-PAGE) was carried out as de-
scribed by Laemmli (1970) and revised by Hames (1986)
using a Mini Protean” 111 cell (Bio Rad). The gels con-
sisted of a4% stacking gel and 5-20% gradient separating
gel. Samples were dissolved in a sample buffer (50 mM
Tris-HCI buffer, pH 8.6, containing 2% SDS, 20% glyceral,
and 0.02% bromophenol blue) diluted 1:1 in electrode
buffer (25 mM Tris, 192 mM glycine, pH 8.3), containing
1% SDS. Electrophoresiswas performed for 2 h at acon-
stant 100 V in Tris-glycine electrode buffer (see above).
Broad range molecular massmarkers(6.5-2050r 7.2 - 209
kDa, Bio Rad) wereincorporated into each electrophore-
ssrun. Gelswere stained withAgNO,. Following the SDS-
PAGE of antigens, the protein bandswere transferred onto
a0.22 um pore size nitrocel lulose membrane (Pharmacia)
in aMini Trans-blot Electrophoretic Transfer Cell (Bio
Rad) with 25 mM Tris, 192 mM glycine, 20% v/v metha-
nol, pH 8.3. The transblot was carried out at a constant
100V for 1 h. The membrane was blocked for 3 h at room
temperature with PBS containig 5% non-fat dry milk, prior
to immunorecognition by incubation for 2 h with the hu-
man sera diluted in PBS-Tween containing 1% non-fat
dry milk. Each paper wasthen washed with PBS-Tween 20
(3% 5min) and incubated for 3 hwith goat anti-human Ig’'s
(total immunoglobulins), IgM, 1gG or IgA, HRP conjugate
(Biosource International, Camarillo, CA, US), at the ap-
propriate dilution in PBS-Tween 20, containing 1% non-
fat dry milk. To visualize bands the nitrocellulose was
washed with PBS-Tween 20 (3 x 5min) and reacted with
the substrate (PBS, containing 0.006% H,0, methanol,
containing 0.03% 4-chloro-1-naftol). The reaction was
stopped by exhaustive washing with distilled water.

Determination of specific antibody levels - The anti-
body levels were measured by indirect ELISA. The 96
well microtitre plates (Nunc-lmmuno Plate PolySorp™)
were sensitised overnight at 4°C by the addition of 100 pl/
well of antigens diluted at 1 pg/ml in a0.1 M carbonate
buffer, pH 9.6. After washing threetimeswith 0.05% PBS-
Tween 20 (PBS-Tween), wellswere blocked by the addi-
tion of 200 pl per well of 0.1% BSA in PBS, for 1 h at 37°C.
After washing, 100 pl of duplicate dilutions of human sera
at 1/400in PBS-Tween, containing 0.1% BSA were added
and incubated at 37°C for 2 h. Oncethe plateswere washed,
100 pl per well of goat anti-human Ig's (total immunoglo-
bulins), IgM, 19G or IgA, HRP conjugate (Biosource In-
ternational, Camarillo, CA, US), at the appropriate dilu-
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tionin PBS-Tween, 0.1% BSA, wereincubated for 1 h at
37°C. After adding substrate (phosphate citrate buffer,
containing 0.04% H,0O, and 0.04% o-phenylenediamine)
the reaction was stopped with 3N sulphuric acid and the
plateswereread at 490 nm (Garcia-Palacios et al. 1996).
Results were expressed as O.D.p-O.D.c indexes by sub-
tracting the mean optical density (O.D.) of the control
from themean O.D. of thetest seraonce the non-specific
reaction with the BSA used in the blocking was subtracted.

Determination of the sensitivity and the specificity of
the A. simplex crude extract and the PAK and PAS puri-
fied antigens with sera from patients diagnosed with
Anisakis sensitisation - For the determination of the sen-
sitivity and the specificity of the different antigens, 2 x 2
tables were carried out. In these tables, the number of
sera from patients diagnosed with Anisakis sensitisation
and CAPvalues= 3 and < 2 against the different antigens
were represented for eachimmunoglobulin (1g's, 19G, 1gM,
IgA, IgE). Further, different O.D. cutting pointswere se-
lected in function of the positive and negative predictive
values, as well as, the sensitivity and the specificity, in
the case of each assayed immunoglobulins and antigens
(AK, PAK, and PAS) (Fig. 3).

RESULTS

ELISA antibody determinations in the sera from pa-
tients diagnosed with Anisakis sensitisationusing A. sim-
plex antigens purified by affinity chromatography - Thirty-
eight sera obtained from the Servicio deAlergiadel Hos-
pital del AiredeMadrid were assayed. All the serashowed
positive CAP values to Anisakis by FEIA, which varied
from values of CAP = 1 (3%), CAP =2 (26%), CAP=3
(47%), CAP=4(10%), CAP=5(8%), to CAP=6 (5%).

The 96 well microtiter plateswere coated with 100 ul/
well (1 pg/ml) of the crude extract (CE) antigensof A. sim+
plex or A. suum (AK and AS antigens), as well as, the
antigens purified using the columns of anti-A. simplex or
anti-A. suum IgG (PAK and PAS antigens, respectively)
and the antigen eluted from the latest column (EAS anti-
gen). The serawerediluted at 1/400, and, after their incu-
bation, the Ig’'s, IgM, 1gG and IgA were measured. The
mean O.D. were calculated after the subtraction of the
BSA and negative control values.

With all the assayed sera from the patients diagnosed
with Anisakis sensitisation, the highest values were ob-
tained when the EL | SA test were performed against the A.
simplex CE (AK antigen). ThelgG wasthe most abundant
immunoglobulin, followed by thelgM and thelg’s, whilst
the lowest values were observed in the case of the IgA
(Fig. 1).

When the sera were tested against the A. suum crude
extract (ASantigen) 45% of them showed values equal or
superior than 0.2 in the case of the specific 1g’swere de-
tected. Contrarily, these values were modified when the
IgG antibodies were tested. In this case, 24% of the sera
showed anti-A. suum 1gG levels equal or superior than
0.2. Onthe other hand, IgM values were detected in 39%
of the sera. In the case of the IgA, the levels were lower,
because only 13% of the sera showed O.D. values equal
or higher than 0.15 (Fig.1).
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When the sera were tested against the purified anti-
genic fractions (PAK and PAS antigens), in both cases,
the highest values were observed when the IgM immuno-
globulins were tested, followed by the Ig's and the IgG.
Finally, the lowest values belonged to the IgA.

All the detected O.D. values using the purified prepa-
rations (PAK and PAS antigens) were lower than the ob-
served using the A. simplex CE (AK antigen) with the
highest diminution in the case of the 1gG (0.36 - 0.08/AK-
PAS antigens).

When the sera were tested against the “ eluted of As-
caris’ (EASantigen) the mean values of the IgG increased
(O.D. =0.26) compared to the observed using the purified
antigens(Fig. 1).

ELISA antibody determinations in the sera from pa-
tients diagnosed with different helminth parasitic infec-
tionsusing A. simplex antigens purified by affinity chro-
matography - The evaluation by ELISA of the A. simplex
larval antigens purified by affinity chromatography was
completed using serafrom patients diagnosed with L. loa,
O. volvulus, A. lumbricoides, T. trichiura, T. canis, S
mansoni, S. intercalatum, E. granulosus, and F. hepatica.

These sera were tested against the CE antigens of A.
simplex (AK antigen) and A. suum (AS antigen), as well
as the antigen eluted from the column of anti-A simplex
rabbit |gG (PAK antigen), the A. simplex antigen purifed
by the column of anti-A. suumrabbit IgG (PAS antigen),
and the el uted from the mentioned column (EA S antigen).
The specificlg's, 1gG, IgM, and |gA were measured.

Only the sera from the patients diagnosed with S.
mansoni or O. volvulus parasitic infectionswere negative
against the A. simplex antigen (AK antigen) and its puri-
fied fractions (PAK, PAS, and EAS antigen). However, all
the sera showed cross-reactions with the A. suum one
(ASantigen) whenthelg's, 1gG, IgM and I gA antibodies
weremeasured (Tablel).

When the PAK antigen weretested, in al the patients,
except O. volvulus, A. lumbricoides, and S. mansoni cases,
the 1gG levels enhanced with respect to the A. simplex
antigen (AK antigen). Onthe contrary, when the serawere
tested against the PAS antigen, the 1gG levels suffered a
reduction higher than 50% for the T. trichiura, S. in-
tercalatum, and E. granulosus patients and were nega-
tivefor the O. volvulus, A. lumbricoides, and S. mansoni
patients. Finally, when the EAS antigen was tested, the
1gG levels enhanced more than twice with respect to the
PASantigeninthe caseof theT. trichiura, S intercalatum,
E. granulosus, and F. hepatica patients. The IgM levels
unchanged with respect to the PAS antigen, as well as,
thetotal immunoglobulins(Tablel).

Western blot antibody determinationsin the sera from
patients diagnosed with different helminth parasitic in-
fections using A. simplex antigens purified by affinity
chromatography - When the sera were tested against the
A. simplex antigen, all the sera except the O. volvulus
case, reacted with proteins of high molecular masses
(> 84 kDa). TheserafromthelL. loa, A. lumbricoides, and
S mansoni patientsreacted with the 60 kDaprotein. These
same sera al so reacted with a 40 kDa protein, as well as,
the serafrom T. trichiura, T. canis, and S. intercalatum
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Fig. 1: 1g's (A), 1gG (B), IgM (C), and IgA (D) levels in sera from patients diagnosed with Anisakis sensitisation against crude extract of A.
simplex (AK antigen), Ascaris suum (AS antigen), and purified antigens PAK, PAS and EAS.

patients, while the 32 kDa protein only was immuno-
recognised for the F. hepatica serum. When the serawere
tested against the PAK antigen, the immunorecognition
against the 60 kDa protein enhanced in intensity in the
case of theL. loaand A. lumbricoides sera. Thisreaction
disappeared with the S, mansoni serum and appeared us-
ing the T. canis, E. granulosus, and F. hepatica sera. In
addition, in this last patient, the immunorecognition
against the 32 kDa protein disappeared. Against the PAS
antigen, only was immunorecogniton of the 60 kDa pro-
teininthecaseof theL. loa, A. lumbricoides, and T. canis
sera(Fig. 2).

Determination of the sensitivity and the specificity of
the A. simplex crude extract and the PAK and PAS puri-
fied antigens with sera from patients diagnosed with A.
simplex sensitisation - When the A. simplex crude extract
was used, variations of the sensitivity and the specificity
were detected according to the selected immunoglobulin.
The cut point of O.D.>0.15 for the IgG was selected asa
first reference because this immunoglobulin showed the
greatest sensitivity (82.7%). When this parameter was

applied, 70% of the patients diagnosed with A. simplex
sensitisation were positive. When the second determina-
tion was performed by using the PAK antigen and the cut
point of O.D. > 0.07 for the 1gG, adecrease of 20% inthe
positive group was produced. Finally, the cut point of
0O.D. = 0.05for the IgA was sel ected against the PAS anti-
gen. Only seven of the 38 tested serawere positive (Table
.

When these three parameters were applied to the sera
from the patients diagnosed with several parasitic infec-
tions, only the sera from the patients diagnosed with
parasitisms of E. granulosus and F. hepatica were posi-
tive.

DISCUSSION

In thiswork, the specificity and the sensitivity of the
A. simplex antigen purified by affinity chromatography
previoudly described (Rodero et al. 2001, 2002), wereevalu-
ated by ELISA, using serafrom patients previously diag-
nosed with several parasitic infections.

When the different immunoglobulins (1g’s, 1gG, IgM,



TABLE |
Ig's, 1gG, IgM, and IgA levels of the patients diagnosed of different helminthic infections against A: CE of Anisakis simplex (AK antigen), B: PAK antigen, C: PASantigen, D: EAS

antigen, and E: CE of Ascarissuum (ASantigen)

IgM  IgA

19G
089 158 135 0,14

Ig's

IgA
0,00
0,00
0,00

0,08

Ilgs 1gG IgM
0,32 042 0,56
0,06
0,59
0,39

IgA

IgM

1gG
032 016 059 0,00

0,03 002 0,05 0,00
028 000 054 0,00

0,36 082 031 0,00

0,16 0,01

Ig's

IgM  IgA

19G
041 061 0,77 0,07

0,07 0,07 0,08 0,00
0,31 0,00 066 0,00

IgG  IgM IgA Ig's
068 1,86 038 0,12

Ig's

Patient

029 069 0,01
000 005 0,00
000 062 004
133 028 0,12
000 025 0,00

057 011

0,25
0,05
0,26
0,89
0,16

Loa loa

1,20 057 0,07 0,08

034 022 072 0,13

0,05 0,13

Onchocerca volvulus

0,35 0,19

Ascaris|umbricoides
Trichuristrichiura
Toxocara canis

154 243 0,79 042
0,75 059 0,70 0,00
1,82 2,03 022 037
0,16 0,00 0,02 0,05
224 1,49 0,08 051
259 1,75 060 042

0,80 1,66

0,34 0,00

0,30 0,12
0,06

0,25 0,00

055 012 0,39 0,00
054 09 0,08 0,00
0,02 0,00 0,04 0,00

055 053 0,10 052

0,00
0,00
0,54

0,37 0,67
0,31

023 035 0,05 0,00
0,08 000 0,06 0,00

054 0,21

0,04

Schistosomaiintercalatum 0,42
Schistosoma mansoni

0,06 0,00 0,07

0,77 0,51

004 004 0,00
0,36 0,11

0,51

0,07

0,06
0,69

0,06 0,58

0,45

0,78
1,49

Echinococcus granulosus

Fasciola hepatica

135 036 056 0,26 2,10 1,12

139 083 052 0,30

059 0,38
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TABLE I

Positive human sera (%) against Anisakis simplex AK, PAK,
and PAS antigens for the different cut points selected

Cut point

AK PAK PAS
IgG=015  1gG=007  IgA =005

Patient/ CAP

2936/2
3056/3
3423/3
3461/3
3475/3
3500/3
3524/3
3530/2
3544/3
3604/3
3619/3
3638/4
3679/5
3720/1
3755/2
3782/3
3801/6
3807/2
3837/2
3857/3
3866/5
3878/3
3883/2
3884/3
3903/3
3906/4
3913/2
3914/3
3938/3
3949/3
3975/2
3990/6
4009/4
4016/3
4118/4
4153/2
4159/5
4189/2

k% ok ok k%
* ok k ok

>*
>*

ok % okok kb %

%ok Kbk Rk k ok ok ko ok ok ok % ok ok ok %
* % %

%ok k% ok ok %

Total

N
[e¢]
N
o
~

IgA) were tested by ELISA, against the A. simplex anti-
gen, aswell as, its purified fractions, only the serafrom
the patients diagnosed with S mansoni or O. volvulus
infections were negative. These results were maintained
using the serum from an O. volvulus patient when as-
sayed by Western blot as a diagnostic method. Any im-
munoreactive band did not appear when the total immu-
noglobulinsweretested. However, the S. mansoni patient
serum showed several bands of high molecular masses
against the A. simplex antigen (AK antigen) and others
immunoreactive bands of around 60 and 40 kDa.

This difference between the antibody determination
using both techniques (ELISA and Western blot), could
be due to the different techniques and metodologies
utilised in order to determinethe different immunogl obu-
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lin class levels, like the serum dilution, as well as, the
antigenic concentration.

Noya et a. (1995) detected 1gG, IgM, IgA, and IgE
specific antibodies by ELISA when tested the sera of 30
S mansoni infected children, while, by Western blot, ap-
peared reactive bands of high molecular masses, as well
as, 45, 36, and 30 kDafor IgG and 77 kDafor IgM antibod-
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ies, indicating that the 36 kDa protein was usefull for im-
munodiagnostic. In the case of S. intercalatum the re-
sults obtained, in our experimental conditions, were com-
pletely different. High levels of 1g's and 1gG antibodies,
and basal levelsfor IgM and IgA were detected by ELISA.
These diferences among immunoglobulins could be due
tothedifferent parasitic locationsin function of theinfec-

A B
kDa kDa
209-
134- 209 -
84- 134-
40,6- 5 '
31,9- 40,6-
31,9-
18,5- 18,5-
7,2-
7,2-
C D
kDa kDa
12 3 4567 89 12345678 9
. 209- | |
209- 134-
T
; 40,6-
s
’ 18,5- | &
18,5- | |
7,2-
7,2-
E
1 234567 89
209-
134-
84-
40,6-
31,9-
18,5-
7,2-

Fig. 2: immunorecognition patterns of Ig's in sera of the patients diagnosed with parasitism of 1: Loa loa, 2: Onchocerca volvulus, 3:
Ascaris lumbricoides, 4: Trichuris trichiura, 5: Toxocara canis, 6: Schistosoma intercalatum, 7: S. mansoni, 8: Echinococcus granulosus,
and 9: Fasciola hepatica against A: CE of Anisakis smplex (AK antigen), B: PAK antigen, C: PAS antigen, D: EAS antigen, and E: CE of

A. suum (AS antigen).
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CAP values
23 <2
a b | OD. g sensitivity = x 100
a+c
c d | OD.
% specificity = x 100
b+d
% predictive value:
Positive test = x 100
a+b
Negative test = x 100
c+d

Fig. 3: calculation of sensitivity, specificity, and predictive value
(positive and negative) for the different immunoglobulins (1g’s,
1gG, IgM, and IgA) against crude extract of Anisakis simplex and
purified antigens PAK, and PAS. The different cut points selected
corresponded of values of O.D. = 0.05

tion time and the type of immunological responsethat the
worms can provoke in the host.

In the serum from the T. trichiura patient the highest
antibody levels detected by ELISA against the crude ex-
tract (CE) A. simplex and its purified fractions were ob-
served when the |g's and 1gG antibodies were measured.
Turner et al. (2002) mentioned that people who live in
endemic areas have high levelsof 1gG1 and |gG4 antibod-
ies when tested against their homologous antigen. This
increase of antibodies could be related with the high IgG
levels detected by us when the A. simplex antigen and its
purified fractionsweretested by ELISA, dueto both para-
sites (A. simplex and T. trichiura) are nematodes and the
high probability of existence of common proteins. How-
ever, the antigenic cross-reactivity between Ascaris and
Anisakis antigens is known. Sakanari et al. (1988) sug-
gested the existence of taxonomically related epitopes
between both nematodes. Further, Iglesias et a. (1996)
observed high cross-reactionsamong A. simplex and other
ascarids as Hystherotylacium aduncum, T. canis and A.
summ, indicating that neither A. simplex excretory-secre-
tory nor crude extract antigen are eminently good for the
serodiagnosis.

Lillywhiteet al. (1991) showed the presence of cross-
reactions between T. trichiuraand A. lumbricoidesand T.
caniswhen 1gG, IgE, and IgM antibodies were measured.
In the same manner, we detected in that, the serum from
the T. trichiura patient, the presence of unspecific anti-
bodies was higher against the A. suum than the A. sim-
plex antigen.

In the serum of the patient diagnosed with E. gra-
nulosus infection the highest antibody levels corre-
sponded to Ig's, IgA, and IgG. In this disease, the anti-
body responses during the infection are measured against
the CE antigen or parcially purified hydatidic cyst fluid.
Some workers have mentioned that the carbohydrated
structures play an important role in the survival of some
parasites (Butterworth et al. 1988, Dunne 1990, Ouaissi et
al. 1991). In the E. granulosus case, 23% of the IgG re-
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sponses against surface protoescolex antigens are leaded
by the carbohydrated epitopes (Hernandez & Nieto 1994).

When the Western blot were carried out using the A.
simplex antigen, in the serum from the E. granulosus pa-
tient, the presence of immunoreactive bands of high mo-
lecular masses were observed when the |g's were tested
while, inthe case of the PAK antigen, aband of around 60
kDaappeared.

The first purification step consisted in binding the
larval A. simplex antigen to homologous antibodies from
rabbits experimentally immunized with this antigen and
eluted from the column in order to eliminate the major
cross-reactive molecules. The protein patterns of the A.
simplex crude extract (AK antigen) by SDS-PAGE showed
proteinsof 205, 120, 66-45, 40, 31-21, and 14 kDa. After its
purification across the rabbit anti-A. simplex |gG column
(PAK antigen), the same proteins were obseved but in a
different proportion and, in the case of the human 1gG
column, the protein of 40 kDawasin ahigh concentration
(Roderoet al. 2002).

When the anti-F. hepatica serum wastested, the high-
est antibody levels corresponded to 1g's, IgM, 1gG, and
finally 1gA, against the CE A. simplex antigen and its pu-
rified fractions. However, by Western blot, only appeared
bands of high molecular masses, aswell as, other around
30 kDa, when the A. simplex CE antigen was tested. In
patients diagnosed with F. hepatica there are elevated
IgM and I1gG antibody levels, being the [gG1 and the |gG4
the most prevalent isotypes (Chen & Mott 1990, O’ Neill
etal. 1998), whilethelgA levelsare not altered (Sampaio
Silvaeta. 1985).

In the sera from the patients diagnosed with A.
lumbricoides and T. canis infections there were neither
IgG nor IgA antibodies against any A. simplex antigen.
However, IgM antibodies were detected which were re-
sponsible of the 1g’'s level augmentation. Matsumura et
a. (1984) observed that anti-Toxocara circulating anti-
bodies can be detected in puppies six months old, aswell
as, in adult dogs, due to an increase of IgM levels in-
duced by small amounts of excretory-secretory materials
from the larvae maintained in the tissues.

Iglesiaset al. (1996) confirmed by immunoblotting the
high degree of cross-reactivity between the somatic anti-
gensof A. simplex and other ascaridoids, such as, A. suum,
T. canis, and H. aduncum, athough several A. simplex
components, in the 11-18 kDa range, were only recog-
nized by serafrom miceinfected with A. simplex.

After the immunobloting using the T. canis and A.
lumbricoides sera, we observed immunorecognition of
proteins of high molecular mass when the CE A. simplex
antigen was tested. In 1990, Maizels and Page, observed
that the T. canis larva released high quantities of glyco-
proteins during the in vitro culture, belonging to the ex-
cretory-secretory productsand Mc Williamset al. (1987)
demonstrated atype | allergy cross-reaction between A.
suum and T. canis in which the allergens responsible for
the cross-reactivity were predominantly of high molecu-
lar masses.

When the PAS antigen was tested, immunoreactive
bands around 40 and 30 kDa proteinswere present. When
the protein pattern of the PAS antigen was studied after
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its purification using the anti-A. suum column, the un-
binding proteins (specific proteins) were of 120, 66-45, 40,
31-21, and 14 kDa. Higher concentrations of specific pro-
teins were seen compared to the unpurified samples
(Roderoet a. 2002).

Finally, in both sera (T. canis and A. lumbricoides) a
band around 60 kDa appeared against the EAS antigen
responsible of the cross-reaction with the A. simplex an-
tigen. Nuneset al. (1997) detected at |east one band with
molecular weight around 55-66 kDathat seemsto be re-
sponsiblefor the cross-reactivity between T. canisand A.
suum, which disappears when previous absorption of the
serum sampleswith A. suum antigens was performed.

Previously, the discriminating capability of both anti-
gens (PAK and PAS) were assayed in sera from rabbits
immunized with larval A. simplex or adult A. suum CE or
inoculated with embryonated T. canis eggs and we ob-
served that this capability for discriminate between A. sim-
plex and A. suum was improved in the case of the PAS
antigen (Rodero et al. 2002).

To calculate the sensitivity and the specificity param-
eters, it is neccesary to select the “gold standard” which
can evaluate the accuracy of the diagnostic test on the
basis that the evaluated disease istruly present of absent
in the selected patients. In our case, the CAP value was
selected asa“gold standard”, although isnot avery good
diagnostic method but is routinely used to select the
Anisakis sensitised patients.

The sensitivity and the specificity determinationswere
performed testing sera from patients diagnosed with A.
simplex sensitisation, against the CE (AK antigen), as
well as, the purified PAK and PAS A. simplex antigens, in
order to observe the possible variations produced during
the purification process. These evaluations were carried
out against all thetested immunoglobulins(1g's, 19G, 1gM,
IgA, IgE), to determine the working conditions (immuno-
globulin and antigen) for the human anisakidosis diagno-
Sis.

When the A. simplex crude extract was used, varia-
tions of the sensitivity and the specificty were detected
according to the immunoglobulin selected. For the same
cut point of O.D. =0.15, the sensitivity varied from values
of 83%, for the IgG, to only 20.7%, inthe case of the IgA.
This fact showed the difficulty of the immunodiagnosis
of anisakidosiswhen only aspecificimmunoglobulin type
is studied.

In our experimental conditions, we showed the useful
of testing the serain a first step against the A. simplex
crude extract and then carrying out a second determina-
tion against the PAK and the PAS purified antigens.

This does not imply an additional cost of time. For
this, the cut point of O.D. = 0.15 for the |gG was sel ected
as a first reference. This immunoglobulin showed the
greater sensitivity (82.7%). In the first step of the diag-
nostic investigations the sensitive tests are the most use-
ful (Fletcher et al. 1998). When this parameter was ap-
plied, 70% of the serawere positive, in spite of all the sera
except onethat had aCAPvauez 2. The CAP System has
apoor specificity and shows a high rate of false positive
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results. This fact was also observed by Lorenzo et a.
(2000) when evaluated several immunological techniques
in order to make the diagnosis of Anisakis allergy, ob-
serving 50% of specificity with the CAP system assay.

The second determination was performed by using
the PAK antigen and the cut point of O.D. = 0.07 for the
IgG. Thisvalue was selected because in the middle of the
diagnostic investigation, showed medium val ues of speci-
ficity and sensitivity (58.6 and 54.5%, respectively). When
all the assayed serawere evaluated, a decrease of 20%in
the positive group was observed. Only two sera, previ-
ously negative against the A. simplex crude extract, were
maintained positive. Theseresultsarein accordance with
the high predictive value (80%) observed in the A. sim-
plex crude extract, although aprobability of 20% (six sera)
of the existence of false positive resultsisaways present.
In our case the decrease observed was greater (from 28
positive sera for A. simplex crude extract to 20 for the
PAK antigen).

Finally, the cut point of O.D. = 0.05 for the IgA was
selected against the PAS antigen. This immunoglobulin
showed the highest specificity (81.8%) and predictive
vaue (88.9%).

Likewise, for the detection of I1gA, alittle amount of
serum (1 ul) isrequired in contrast to the IgE, in which
case 200 pl of serum are necessary.

When these parameters were applied, only seven of
the 38 tested serawere positive. All these serawere also
positive against both the A. simplex CE and the PAK pu-
rified antigens.

When the cut points were selected, we applied these
parametersto the serafrom the patients diagnosed of sev-
eral parasitic infections and we observed that, against the
AK antigen (O.D.> 0.15 for the 1gG), the sera from the
patientsdiagnosed with parasitismsby L. loa, T. trichiura,
S intercalatum, E. granulosus, and F. hepatica were posi-
tive. This fact indicated the presence of common anti-
genic proteins among the Anisakis antigens and other
parasites. Likewise, one of the fundamental aspects of
the immunodiagnosis is the selection of adequate anti-
gens to carry out the diagnostic tests.

When the sera were tested against the PAK antigen
(OD =0.07 for thelgG), the same serawere positive again
but, when the third determination was carried out using
the PASantigen (OD = 0.05for theIgA), only were posi-
tive the serafrom the patients diagnosed with parasitisms
of E. granulosus and F. hepatica. Previously, we had ob-
served this samefact, when the capability of the different
antigensto discriminate among the serafrom the patients
diagnosed with several parasitic infections were deter-
mined, when the lowest values were detected using the
anti-Echinococcus or anti-Fasciola sera. It is necessary
to mention that, in the purification process of the A. sim-
plex antigen, an hyperimmnune serum from rabbits
immunised with A. suum was used and no serafrom ani-
malsimmunised with the other parasitesthat areinfecting
the different patients utilised in this assay. However, a
remarkable augmentation of the sensitivity and specific-
ity in the fractions of A. simplex antigen purified, was
appreciated.
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