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Total immunoglobulin E (IgE) and specific IgE were assayed by a radioimmunosorbent test and a reverse
enzyme immunoassay in patients with hookworm infections before and after treatment. A total of 77 subjects
(30 patients with hookworm infections and 47 subjects as controls) were studied. Both specific and total IgE
levels in serum and jejunal juice were raised in hookworm patients. There was a significant decrease in IgE
levels after therapy. Total IgE levels were raised in other nematode infections, but specific IgE levels were low.
The reverse enzyme immunoassay for specific IgE was highly specific (96%) and sensitive (100%) and may be
used in the serodiagnosis of hookworm infections.

Hookworm infections caused by Ancylostoma duodenale
and Necator americanus affect 25% of the world's popula-
tion (3, 17). The magnitude of the infections can be judged
from the fact that an estimated 7 million liters of blood per
day is lost because of the parasites, causing a high degree of
mortality and morbidity (16). A study of the pathophysiology
of the parasite and the role of acquired immunity in the
parasite life cycle is an important prerequisite for any
attempt to prepare a vaccine effective in preventing the
disease.

Routine examination of single stool specimens may be
negative in more than half of the patients, even when
concentration techniques are used. To obviate this draw-
back, various serological tests have been evaluated for
diagnostic purposes. The skin test with an aqueous extract of
the parasite was introduced as early as 1928 (4). Lobel et al.
(14) evaluated the skin test with a larval antigen and con-
cluded that, owing to the high frequency of false positivity
(30% in nonendemic areas), the test was unsuitable for
routine use. Various other serological tests, such as the
complement fixation test and fluorescent-antibody test, have
a high frequency of false positivity (30%), and no correlation
between titers and worm load has been demonstrated (1).
A microenzyme-linked immunosorbent assay was recently

evaluated for diagnostic purposes. The test had a sensitivity
of 97% and a specificity of 92% with excretory-secretory
antigens, indicating its value in the diagnosis of hookworm
infections. The levels of immunoglobulin E (IgE) are also
important in nematode infections. This fact has been ob-
served in experimental infections with Nippostrongylus bra-
ziliensis and also in human hookworm infections (7, 9, 10,
13, 18). A marked elevation in the IgE response was seen,
but its exact role in the pathogenesis of the disease is not
clear. Its role in diagnosis and prognosis is also not clear,
although a fall has been reported after drug treatment (7, 12,
13); these workers studied total IgE but not specific IgE
against hookworm infections. We have studied the response
of total IgE as well as specific IgE in serum as well as jejunal
fluid from patients with hookworm infections. Furthermore,
the local and systemic IgE levels were measured after
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specific treatment of patients to determine the prognostic
value of IgE.

MATERIALS AND METHODS

Patient selection. Six groups of patients were chosen. They
were of both sexes and ranged in age from 15 to 65 years.

(i) Group A. Group A consisted of 30 patients with
hookworm infections confirmed by stool examination. For
all patients multiple stool examinations were done by direct
and concentration methods. Stool samples were also exam-
ined after 1 month of specific therapy for hookworm infec-
tions.

(ii) Group B. Group B consisted of 11 patients who had
vague abdominal complaints and for whom three consecu-
tive stool samples were negative by the direct and concen-
tration methods.

(iii) Group C. Group C consisted of patients with proven
hydatid disease diagnosed clinically, serologically, and sur-

gically.
(iv) Group D. Group D consisted of five patients with

ascaris infections confirmed by stool examination.
(v) Group E. Group E consisted of four patients with

cysticercosis diagnosed clinically, serologically, and by bi-
opsy.

(vi) Group F. Group F consisted of 17 normal healthy
adults determined to be negative for hookworms and other
parasites by multiple stool examinations by the concentra-
tion method. These patients did not have any history of
suffering from any infection during the preceding 3 months.

Preparation of excretory-secretory antigen. The antigen
was prepared by the method described by Katiyar et al. (11)
with A. duodenale larvae. Third-stage infective larvae were

thoroughly washed in normal saline and transferred to a
conical flask containing normal saline; the flask was incu-
bated at 37°C for 4 h in a water bath. The contents of the
flask were spun at 2,000 rpm for 10 min (REMI centrifuge).
The supernatant containing the excretory-secretory prod-
ucts of the larvae was pipetted out, filtered through a

0.22-ptm-pore membrane filter (Millipore Corp.), and pre-
served until further use.

Collection of samples. Venous blood (10 ml) was collected
from all test subjects and controls in the beginning of the
study and 4 weeks after the start of drug treatment. Serum
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was separated and stored at -70°C until use. Jejunal juice
was obtained only from groups A (30 patients) and B (11
patients) (6). Only 25 patients in group A were available for
follow-up after treatment.

Treatment of hookworm-infected patients. Bephenium hy-
droxynaphthoate (5 g; containing 2.5 g of bephenium hy-
droxynaphthoate base) was administered orally on an empty
stomach daily for 3 days. In addition, patients were also
given ferrous sulfate (200 mg) three times daily for 3 weeks.

Estimation of total IgE. Total IgE was estimated by a
radioimmunosorbent test with the PRIST kit (Pharmacia
Diagnostics).

Estimation of specific IgE. A reverse enzyme immunoassay
(REIA) was carried out by the method of Ignacio et al. (8) to
measure specific IgE. Briefly, microenzyme-linked immuno-
sorbent assay M129 plates (Dynatech Laboratories, Inc.)
were coated for 16 h at 4°C with a 1/100 dilution of mono-
specific antihuman IgE in phosphate-buffered saline. The
plates were washed four times with phosphate-buffered
saline-Tween 20 and neutralized with 0.5% human serum
albumin in phosphate-buffered saline for 6 h at room tem-
perature. Human serum (0.05 ml) was added, and the plates
were allowed to stand for 18 h at room temperature. After
the plates were washed four times with phosphate-buffered
saline-Tween 20, 0.1 ml of antigen conjugate (horseradish
peroxidase; Sigma Chemical Co.) prepared according to the
method of Murayama et al. (15) was added to each well, and
the plates were incubated for 6 h. The plates were again
washed, a substrate consisting of ortho-phenylenediamine
and hydrogen peroxide was added, and the plates were
placed in the dark. After 30 min, the reaction was stopped
with 4 N sulfuric acid, and readings were taken on a
microenzyme-iinked immunosorbent assay reader (Dyna-
tech) at 490 nm.

Statistical analysis. The Student t test (unpaired and
paired) was used to analyze the results.

RESULTS

Serum IgE levels. Both total IgE and specific IgE levels
were markedly elevated in hookworm patients (Fig. 1 and 2).
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FIG. 1. Total serum IgE levels in different groups of patients
(PTS.). Bars represent the mean ± 2 SD.
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FIG. 2. Specific serum IgE levels in different groups of patients
(PTS.) as measured by REIA with excretory-secretory antigen. The
OD represents hookworm-specific IgE in 0.05 ml of undiluted
serum. Bars represent the mean + 2 SD.

The total serum IgE level was 913 + 226 IU/ml before
treatment; after therapy it decreased to 460 ± 141 IU/ml (P
< 0.001). The level in the normal control group was 145 ± 80
IU/ml, indicating a highly significant rise in the infected
group (P < 0.001). In group B patients the rise was not
statistically significant, but patients with other nematode
infections, cysticercosis, and hydatid disease had a signifi-
cant rise in IgE levels (Fig. 1) (P < 0.001 and P < 0.05,
respectively).

Specific serum IgE levels in infected patients were high
when compared with levels in controls (optical densities,
[OD], 1.510 ± 0.397 and 0.062 ± 0.018, respectively, in
REIA) (Fig. 2). After therapy there was a significant de-
crease in the specific IgE levels (QD, 0.476 ± 0.205; P <
0.001). There was also a significant difference in the specific
IgE levels in hookworm-infected patients (pretreatment OD,
1.510 ± 0.397) and patients infected with other nematodes
(OD, 0.073 ± 0.027), group D patients (OD, 0.088 ± 0.070),
and group E patients (OD, 0.052 ± 0.017).

Jejunal IgE levels. Total jejunal IgE levels were signifi-
cantly increased in hookworm patients as compared with
controls (310 ± 161 and 111 ± 61 IU/ml, respectively; P <
0.001); with treatment there was a significant decrease in
these levels (145 ± 85 IU/ml; P < 0.001) (Fig. 3).

Specific jejunal juice IgE levels in infected patients were
also significantly elevated when compared with levels in
controls (OD, 0.893 ± 0.334 and 0.045 ± 0.057, respectively,
P < 0.001). There was also a significant decrease in the
specific IgE levels after therapy (OD, 0.448 ± 0.212; P <
0.001) (Fig. 4).

Specific IgE (serum and jejunal) levels were very low in
normal controls (OD, 0.062 ± 0.018), parasitic controls (QD,
0.073 ± 0.027), and patients suffering from hydatid disease
and cysticercosis (QD, 0.088 ± 0.07 and 0.052 ± 0.017,
respectively).

DISCUSSION

Serological tests for the diagnosis of hookworm infections
have never gained popularity because of the high frequency
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FIG. 3. Total jejunal fluid Igt levels in different groups of
patients. Bars represent the mean 2 SD.

of false-positive results with most of these tests. Most of the
work concerning immune responses after infection has been
experimental, with only a few human studies. The human
studies have also taken into consideration systemic re-

sponses, and local immune responses have rarely been
evaluated (13).

In this work we studied the levels of total IgE antibodies
before and after treatment of hookworm infections. In addi-
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FIG. 4. Specific jejunal fluid IgE levels in different groups of
patients as measured by REIA with excretory-secretory antigen.
The OD represents hookworm-specific IgE in 0.05 mI of undiluted
jejunal fluid. Bars represent the mean ± 2 SD.

tion, we evaluated the levels of specific IgE antibodies
directed against the excretory-secretory antigens of third-
stage liookworm larvae. The emphasis was on the diagnostic
as well as prognostic value of the determination of these
antibod' levels by the REIA.
The levels of serum IgE (total) were significantly elevated

in hookworm patients, a result which is expected in most
nematode infections. The titers (serum and jejunal) dropped
after treatment, revealing the requirement of antigenic stim-
ulation for the continued secretion of IgE. Similar findings
have been reported previously (7, 12, 13). Jejunal IgE levels
were also elevated, indicating the local stimulation and
secretion of jejunal IgE.

Specific IgE levels were measured by REIA in both serum
and jejunal juice (8). This is the first study of its kind
measuring the specific IgE response to the excretory-secre-
tory antigens of-hookworm larvae. The levels of IgE mea-
sured by this test were elevated significanly in the serum and
jejunal fluid of hookworm patients. The titers dropped sig-
nificantly after specific treatment for hookworm infections.
Considering these above two facts, we conclude that the test
has diagnostic as well as prognostic potential. Specific IgE is
elevated in serum in hookworm patients, and the titers drop
quite soon aftér treatment, indicating that a past infection
does not interfere in diagnosis and that a fail in the IgE levels
represents successful therapy. In addition, with the mean ±
2 standard deviations (SD) as the cutoff value, the tést shows
100% sensitivity and 96% specificity..
The role of various immunoglobulin, i.e., IgG, IgM, and

IgA, in protection against hookworm and other nématode
infections is still not clear. Local IgA may be protective. IgE
may cause local anaphylaxis, leading to worm expulsion (2).
The suppression of IgE has been shown to decrease the
resistance of rats to Trichinella spiralis infections (5).

In conclusion, we recommend the estimation of specific
IgE levels in hookworni patients because it seems to have
promising diagnostic as well as prognostic applications and a
very high sensitivity (100%) and specificity (96%).
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