
978

Am. J. Trop. Med. Hyg., 59(6), 1998, pp. 978–984
Copyright q 1998 by The American Society of Tropical Medicine and Hygiene

IMMUNOEPIDEMIOLOGY OF DRACUNCULUS MEDINENSIS INFECTIONS I.
ANTIBODY RESPONSES IN RELATION TO INFECTION STATUS

PAUL BLOCH AND PAUL E. SIMONSEN
Danish Bilharziasis Laboratory, Charlottenlund, Denmark

Abstract. The specific serum IgG1, IgG4, and IgE responses to Dracunculus medinensis and the level of total
IgE of individuals living in a highly endemic area of northern Ghana were measured by ELISA. Sera were obtained
in the high transmission season from individuals with prepatent, patent, or postpatent infection as well as from
individuals from the same endemic area who claimed to have never had a patent infection (i.e., endemic normal
individuals). Individuals with prepatent or postpatent infections responded with a significantly lower mean level of
specific IgG1 and IgG4 compared with individuals with a patent infection, and with a significantly higher mean level
of specific IgG1 and IgG4 compared with endemic normal individuals. For specific IgE, no differences were found
in the mean antibody level between the infection status categories. Individuals with a patent infection had a signifi-
cantly lower mean serum level of total IgE compared with prepatent, postpatent, and endemic normal individuals.
Endemic normal individuals had the highest mean level of total IgE. Furthermore, in all clinical categories, high
responders for specific IgG1 and IgG4 generally had low levels of total IgE, whereas low responders for specific
IgG1 and IgG4 generally had high levels of total IgE. A similar dichotomy, although less distinct, was observed
between specific IgG1 and IgG4 on the one hand and specific IgE on the other. Thus, similar to what has been
suggested for schistosomiasis and lymphatic filariasis, the relationship between the IgG subclasses and IgE appears
to play a role in, or at least to reflect, a mechanism for protective immunity in dracunculiasis.

Human infections with Dracunculus medinensis (guinea
worm) occur in parts of West and Central Africa and in
Yemen and India.1 The 10—12-month prepatent period is
asymptomatic except for the last 1–2 weeks during which
the adult female worm reaches subcutis and prepares for
penetration of the body surface. At this late stage, the worm
becomes palpable in the skin and a blister develops around
its anterior end, thus making the patient aware of the infec-
tion.2,3 Currently, no reliable method exists for diagnosis of
dracunculiasis in the asymptomatic part of the prepatent pe-
riod.

Dracunculus medinensis induce vigorous humoral im-
mune responses in infected individuals.4–7 However, little is
known about the relationship between the humoral responses
and infection status (i.e., prepatent, patent, postpatent and
those claiming to have never had a patent infection). Briefly,
previous studies indicated that individuals in a prepatent and
patent stage of infection responded similarly with total spe-
cific immunoglobulins,4 and individuals in a patent and post-
patent stage responded similarly with total specific immu-
noglobulins and specific IgG1, IgG4, and IgE.5 Sera from
endemic normal individuals (claiming to have never had a
patent D. medinensis infection despite living in a highly en-
demic area) responded only weakly with specific IgG1 and
IgG4 compared with individuals with patent or postpatent
infections.5,6

This study elaborates on previous studies by analyzing
levels of specific IgG1, IgG4, and IgE, as well as the con-
centration of total IgE in sera from individuals whose par-
asitologic status in relation to the prepatent, patent, and post-
patent stages of infection were carefully determined. The
postpatent category was further divided into four subcate-
gories differing with respect to the time elapsed since the
previous period of patency. The specific antibody responses
against two D. medinensis antigen preparations, one made
from adult female worms and the other made from first-stage
larvae, were assessed. By comparing the antibody responses
in individuals in the various infection status categories oc-

curring in endemic areas, the study provides new informa-
tion about the interaction between D. medinensis and its hu-
man host.

SUBJECTS AND METHODS

Study individuals and study design. One hundred sev-
enty-two individuals were selected from two communities in
northern Ghana that are highly endemic for D. medinensis
infection. Venous blood samples were collected at the onset
of the study in the high transmission season in June 1991.
The individuals were subsequently followed closely for 15
months (until August 1992) during which period their D.
medinensis infection status was recorded, and repeated ques-
tioning about previous experiences with dracunculiasis was
performed. Based on these data the study individuals were
divided into seven clinical categories (Table 1): those who
did not have a patent infection at the onset of the study but
who developed one or more patent infections during the first
12 months of the follow-up period (category a: prepatent);
those who had a patent infection at the onset of the study
and who either did or did not develop another patent infec-
tion during the follow-up period; (category b: patent); and
those who did not have a patent infection at the onset of the
study and who did not develop a patent infection during the
follow-up period, but who had had at least one patent infec-
tion within the last six months prior to onset of the study
(category c: postpatent, 1991); during 1990 (category d:
postpatent, 1990); during 1986 to 1989 (category e: post-
patent, 1986-1989) or before 1986 (category f: postpatent,
before 1986), or who claimed to have never had a patent D.
medinensis infection despite living in the same endemic en-
vironment as the other villagers (category g: nonpatent, en-
demic normal). Five Danish individuals, who had never been
to tropical countries, served as nonendemic controls (cate-
gory h: nonpatent, nonendemic control). The categories were
reasonably age- and sex-matched (Table 1).

The study was reviewed and approved by the Ministry of
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TABLE 1
Characteristics of study individuals

Infection status
category

Number
(males/females)

Mean age in years
(range)

a. Prepatent
b. Patent
c. Postpatent, 1991*
d. Postpatent, 1990*
e. Postpatent, 1986–1989*
f. Postpatent, before 1986*
g. Nonpatent, endemic normal
h. Nonpatent, nonendemic control

17 (10/7)
47 (24/23)
18 (8/10)
17 (6/11)
21 (13/8)
27 (13/14)
25 (14/11)

5 (3/2)

33 (22–65)
30 (8–51)
30 (15–55)
31 (16–52)
34 (16–53)
39 (18–65)
30 (15–48)
26 (20–33)

Total 177 (91/86) 32 (8–65)

* Indicates which year or period the individuals of the category experienced their last
patent infection.

Health in Ghana and by the Research Council at the Danish
Bilharziasis Laboratory. Informed oral consent to participate
in the study was obtained from all involved volunteers.

Skin snip and night blood examinations for microfilariae
indicated that the study individuals were negative for onch-
ocerciasis and lymphatic filariasis, respectively. Examination
of stool and urine for helminth infections indicated that in-
fections with hookworm (75%) and Strongyloides stercoralis
(13%) were common.

Preparation of serum and antigen. Serum was recovered
from the blood samples after clotting and centrifugation, and
sodium azide was added to a concentration of 15 mM prior
to freezing the samples at 2808C until use. Dracunculus
medinensis first-stage larvae and adult female worms ob-
tained from infected individuals living in northern Ghana
were the sources of antigen. Recovery of these parasite
stages, and preparation of crude homogenates of adult
worms (ADGW) and larvae (LVGW) was carried out as pre-
viously described.7

Semiquantitative measurement of D. medinensis-spe-
cific IgG1, IgG4, and IgE. Specific serum antibodies were
measured by an indirect ELISA according to procedures pre-
viously described.5,7 The antigens were applied at an optimal
protein concentration of 5.5 mg/ml. Optimal dilutions of sera
and horseradish peroxidase (HRP)–labeled anti-human anti-
bodies (conjugates) were determined by titration for each
antibody type measured. Thus, for measurement of IgG1 and
IgG4 the sera were diluted 1:5,000 and the conjugates
(mouse-anti-human IgG1 or IgG4; Centraal Laboratorium
van de Bloedtransfusiedienst, Amsterdam, The Netherlands)
were diluted 1:2,000. For measurement of IgE the sera were
preabsorbed for IgG using protein A (Kabi Pharmacia Di-
agnostics, Uppsala, Sweden) coupled to a sepharose gel in
a Bio-Rad Spin Column (Bio-Rad, Hercules, CA). The
preabsorbed sera were diluted 1:20 and the conjugate (rab-
bit-anti-human IgE; Dako, Glostrup, Denmark) was diluted
1:1,000. All sera were tested in triplicate and the results for
each specimen were expressed as the mean absorbance val-
ue. To adjust for minor plate-to-plate variations, a positive
control serum, consisting of a mixture of serum samples
from D. medinensis-infected individuals, was included on all
plates.

Quantification of total IgE. The total IgE concentrations
in sera were measured by a sandwich ELISA procedure as
described previously with only minor modifications.8 Rabbit
anti-human IgE (Dako) was used at a concentration of 3.9

mg/ml corresponding to a dilution factor of 1:2,000. After
blocking with phosphate-buffered saline containing 0.1%
Tween 20 and 0.5% bovine serum albumin for 1 hr at room
temperature, 100 ml of the following were applied to each
plate: 1) a two-fold serial dilution of a standard human IgE
(total IgE control; Kabi Pharmacia Diagnostics) from 0.08
ml/ml to 0.000625 mg/ml, and 2) test serum samples in di-
lutions of 1:50. Serum samples with high IgE concentrations
were re-examined later at dilutions of 1:500. The HRP-con-
jugated rabbit anti-human IgE diluted 1:1,000 was used as
detecting antiserum. The mean absorbance values obtained
from the serial dilutions of the IgE control were used to
generate a standard curve showing the relationship between
absorbance value and IgE concentration for each plate.
Based on this curve, the IgE concentrations in the test sam-
ples on the same plate were determined. All sera were tested
in triplicate and the results were expressed as the mean of
the three tests.

Data analysis. The ELISA optical density values were
compared statistically with nonparametric tests (Mann-Whit-
ney two sample U-test and Kruskal-Wallis one-factor anal-
ysis of variance). Probability values (P values) less than 0.05
were considered statistically significant.

RESULTS

Comparison of specific antibody responses to LVGW
and ADGW. All sera were tested for specific IgG1, IgG4,
and IgE against ADGW and LVGW, and individual re-
sponses to the two antigen preparations were compared (Fig-
ure 1). For each antibody type measured, the individual sera
responded relatively similarly to ADGW and LVGW. Thus,
the correlation coefficients (r2) were 0.91 (IgG1), 0.81
(IgG4), and 0.96 (IgE) for sera from the prepatent category,
0.81 (IgG1), 0.81 (IgG4), and 0.84 (IgE) for sera from the
patent category, 0.93 (IgG1), 0.78 (IgG4), and 0.94 (IgE) for
sera from the postpatent category, and 0.82 (IgG1), 0.74
(IgG4), and 0.88 (IgE) for the endemic normal category.

Comparison of specific antibody responses in the dif-
ferent clinical categories. For each of the clinical catego-
ries, the mean levels of specific IgG1, IgG4, and IgE to
ADGW and LVGW were calculated (Figure 2). No major
differences were observed between responses to the two an-
tigen preparations. For IgG1 (Figure 2A), sera from the pa-
tent category had a significantly higher mean antibody level
compared with any of the other categories (P , 0.01 for
category c and P , 0.001 for categories b and d–h, by
Mann-Whitney test). For IgG4 (Figure 2B), sera from the
patent category also had a higher mean antibody level com-
pared with any of the other categories. This difference was
statistically significant for all categories except for the pre-
patent category (P , 0.05 for category c and P , 0.001 for
categories d–h, by Mann-Whitney test). For both IgG1 and
IgG4 against ADGW and LVGW, there was a clear and sig-
nificant tendency among the postpatent categories that the
longer the period since the last patent infection, the lower
was the mean antibody level (P , 0.001 for both isotypes
and antigens, by one-factor analysis of variance). Further-
more, the mean levels of IgG1 and IgG4 in the nonendemic
control category were very low and statistically different
from any of the other clinical categories (P , 0.001 for all
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FIGURE 1. ELISA absorbance values (3 103) for specific IgG1 (A and B), IgG4 (C and D), and IgE (E and F) antibody responses to crude
homogenates of adult worms (ADGW) and crude homogenates of larvae (LVGW) for sera from individuals belonging to the prepatent category
(n), the patent category (V), the postpatent category (,) and the endemic normal category (M). For practical reasons the four postpatent
categories have been combined into one category.

comparisons, by Mann-Whitney test). No significant differ-
ences in mean absorbance values were observed between
any of the clinical categories for specific IgE against ADGW
or LVGW (Figure 2C), except for the nonendemic control
category, which had a significantly lower mean level of spe-
cific IgE compared with any of the other categories (P ,
0.001 for all comparisons, by Mann-Whitney test).

Concentration of total IgE in the different clinical cat-
egories. The concentration of total IgE was measured in
each serum sample, and for each of the clinical categories

the mean concentration was calculated (Figure 3). Sera from
the patent category had a lower mean concentration than sera
from the prepatent, postpatent, and endemic normal cate-
gories. However, the differences were statistically significant
only for the endemic normal category (category g; P , 0.01,
by Mann-Whitney test) and for the two postpatent categories
consisting of individuals who experienced their last patent
infection in 1991 (category c; P , 0.05, by Mann-Whitney
test) and before 1986 (category f; P , 0.05, by Mann-Whit-
ney test). The endemic normal category had the highest
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FIGURE 2. Mean ELISA absorbance values (x103) for specific IgG1 (A), IgG4 (B), and IgE (C) against ADGW (solid bars) and LVGW
(open bars) of sera categorized as prepatent (a), patent (b), postpatent (c–f), endemic normal (g), and nonendemic control (h). Vertical bars
represent standard errors of the mean. For definition of abbreviations, See Figure 1.

FIGURE 3. Mean concentration of total IgE of sera categorized
as prepatent (a), patent (b), postpatent (c–f), endemic normal (g),
and non-endemic control (h). Vertical bars represent standard errors
of the mean.

mean concentration of total IgE. The mean concentration of
total IgE in the nonendemic control category was very low
and statistically different from any of the other clinical cat-
egories (P , 0.001 for all comparisons, by Mann-Whitney
test).

Interrelationship between the different types of anti-
body responses to LVGW. The interrelationship between
antibody responses within the different clinical categories
was analyzed by dividing individual responses arbitrarily
into high and low level responses (Table 2). The percentage
of individuals from each clinical category responding with
low values of two antibody types compared (low-low), with

high values of two antibody types compared (high-high), and
with a low value of one antibody type, and a high value of
another antibody type (low-high) were estimated. For prac-
tical reasons the four postpatent categories were combined
into one category. Individuals with medium response levels
were not taken into consideration in this analysis.

When comparing specific IgG1 and IgG4 responses, a ma-
jority were either low level (postpatent category and endem-
ic normal category) or high level (patent category) respond-
ers for both isotypes. Individuals from the prepatent category
responded with either low or high levels of both isotypes,
whereas only a few individuals (between 0% and 8.5% from
each category) responded with low levels of one isotype and
high levels of the other. These findings indicate that a ma-
jority of the study individuals from all four categories re-
sponded with levels of IgG1 and IgG4 that were comparable.
For specific IgG1 or IgG4 responses compared with total IgE
levels, between one-third and half of the study individuals
from all four categories responded with low levels of one
antibody type and high levels of the other. Among individ-
uals showing this response dichotomy, those from the patent
category responded exclusively with high levels of the IgG
subclasses, whereas those from the endemic normal category
responded exclusively with high IgE levels. When compar-
ing specific IgE with specific IgG1 and IgG4, the level of
response dichotomy was relatively high. Thus, a low/high
response was observed in 15–40% of the sera depending on
the category considered. Interestingly, a majority of the in-
dividuals from the patent category who responded dichoto-
mously expressed high levels of specific IgG1 and IgG4 (and
low levels of specific IgE), whereas a majority of the indi-
viduals from the endemic normal category who responded
dichotomously expressed low levels of specific IgG1 and
IgG4 (and high levels of specific IgE). Finally, when com-
paring specific and total IgE levels, most individuals had
similar and generally low antibody levels.

DISCUSSION

This study analyzed the antibody response to D. medinen-
sis infection in selected individuals from an endemic area of
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TABLE 2
Interrelationship between antibody responses within each clinical category. A low level response had an absorbance value below 0.5 for specific

responses and below 2.5 mg/ml for total IgE, and a high level response had an absorbance value above 1.0 for specific responses and above
5.0 mg/ml for total IgE. specific responses relate to LVGW only*

Antibody types compared
Level of
response

Percent of sera responding

Prepatent category Patent category Postpatent category
Endemic normal

category

Specific IgG1 versus
Specific IgG4

Low-Low
Low-High
High-High

23.5
5.9

23.5

6.4
8.5

57.4

48.2
8.4
3.6

88.0
0.0
0.0

Specific IgG1 versus
Total IgE

Low-Low
Low-High
High-High

11.8
35.3

5.9

6.4
36.2
19.1

25.3
31.3

4.8

28.0
48.0

0.0
Specific IgG4 versus

Total IgE
Low-Low
Low-High
High-High

5.9
29.4
17.6

14.9
27.7
19.1

18.1
26.5

9.6

28.0
52.0
0.0

Specific IgE versus
Total IgE

Low-Low
Low-High
High-High

35.3
17.6
17.6

46.8
4.3
6.4

32.5
8.4

14.5

28.0
12.0
24.0

Specific IgE versus
Specific IgG1

Low-Low
Low-High
High-High

35.3
35.3

0.0

12.8
31.9
12.8

45.8
15.7

2.4

48.0
20.0
0.0

Specific IgE versus
Specific IgG4

Low-Low
Low-High
High-High

11.8
41.2

5.9

14.9
31.9
12.8

32.5
15.7

4.8

56.0
24.0
0.0

* LVGW 5 crude homogenates of larvae.

northern Ghana. Personal histories of infection together with
long-term follow-up observations of the study individuals
formed the basis for categorizing the study individuals into
seven infection status categories. Infections with hookworm
and S. stercoralis infections were common in the Ghanaian
study population, but immunologic cross-reactions between
these infections and infections with D. medinensis appear to
be limited.5,7 Extensive cross-reactions have been observed
between infections with Onchocerca volvulus and D. medi-
nensis,4,5,7,9 but the study area is not endemic for onchocer-
ciasis and none of the study individuals harbored microfi-
lariae of O. volvulus. Therefore, the risk of confounding ef-
fects resulting from coinfection with other helminth parasites
appears to be minimal.

For specific IgG1, IgG4, and IgE, the responses to ADGW
and LVGW were similar, probably due to extensive sharing
of major antigenic determinants between D. medinensis first-
stage larvae and adult female worms. Immunologic studies
in our laboratory have indicated that the cuticle of adult
female D. medinensis contains epitopes resembling human
proteins (Bloch P and others, unpublished data), and that
sera from individuals with onchocerciasis cross-react more
extensively with ADGW than with LVGW,7 but apparently
this did not affect the results of the present study.

In relation to the infection status categories, the responses
of specific IgG1 and IgG4 to ADGW and LVGW followed
the same pattern, with the highest mean levels observed for
the patent category, medium mean levels observed for the
prepatent and early postpatent categories, and lowest mean
levels observed for the late postpatent and the endemic nor-
mal categories. This probably reflects B cell proliferation
induced by epitopes of late developmental stages of D. med-
inensis females. Moreover, only a few sera (less than 10%)
were high responders for one of these antibody subclasses
and low responders for the other. This observation probably

reflects a similarity in antigenic determinants to which IgG1
and IgG4 react, as was also indicated by previous studies in
which these isotypes reacted to the same ADGW protein
bands and with approximately the same intensities in West-
ern blots.5 Whereas no significant differences in the mean
levels of specific IgE were observed between any of the
endemic infection status categories, some variation was ob-
served in the mean concentrations of total IgE. Thus, a rel-
atively low mean concentration was observed in the patent
category and a relatively high mean concentration was ob-
served in the endemic normal category. The findings from
the data on mean antibody levels indicate that susceptibility
to D. medinensis infection, as represented by the patent cat-
egory of study individuals, is associated with high mean lev-
els of specific IgG1 and IgG4, whereas resistance, as rep-
resented by the endemic normal individuals, is associated
with high mean concentrations of total IgE.

When comparing individual responses of specific IgG1
and IgG4 with those of total IgE a similar picture was seen,
with the majority of study individuals responding with low
levels of one antibody type and high levels of the other.
Furthermore, most individuals with a patent infection re-
sponded with high levels of specific IgG1 and IgG4, and
low concentrations of total IgE, whereas most individuals
from the endemic normal category responded oppositely.
The observed dichotomy between total IgE antibody levels
on the one hand, and specific IgG1 and IgG4 levels on the
other, thus appears to reflect a complicated interaction be-
tween IgE and the two IgG antibody subclasses in the reg-
ulation of susceptibility and resistance in D. medinensis in-
fections. It has been suggested that nonspecific IgE binds the
low affinity IgE receptor CD23 on eosinophils, monocytes,
and B lymphocytes.10 If present in elevated levels, nonspe-
cific IgE could negatively affect a protective immune re-
sponse by blocking the binding of specific IgE antibodies to
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the cells. Moreover, for Bancroftian filariasis and schisto-
somiasis, it has been shown that dual recognition of antigens
by IgG4 and IgE is common and that the antigenic deter-
minants can be blocked by specific IgG4 when specific IgG4
and IgE are both present.8,11–14 Thus, a protective immune
response may be effectuated by specific IgE but regulated
by nonspecific IgE and/or specific IgG4.

Individuals from the endemic normal category had high
concentrations of total IgE and low levels of specific IgG4
compared with individuals from the patent category. Thus,
a positive correlation existed between being endemic normal
(and possibly protected from infection) and having low lev-
els of specific IgG4 and high levels of total IgE. Based on
these findings, it may be speculated that specific IgG4 anti-
bodies contribute to blocking against a protective immune
response to a higher extent than nonspecific IgE. A similar
suggestion has been made for schistosomiasis.15 Thus, spe-
cific IgG4 in sera from individuals with a patent infection
possibly has a blocking effect on antigenic determinants,
which prevents the induction of a protective specific IgE-
based immune response against infection with D. medinen-
sis. This is further supported by the observation that the ratio
between IgG4 and IgE against LVGW decreased from 2.86
in the patent category over 1.88 in the prepatent category
and 1.09 in the postpatent category (mean value) to 0.38 in
the endemic normal category. The ratios between IgG4 and
IgE against ADGW and between IgG1 and IgE against
LVGW and ADGW were within the same magnitude.

The relatively high concentrations of total IgE among en-
demic normal individuals indicates that nonspecific IgE has
no immediate relevance to the blocking and protection
mechanisms discussed. Its occurrence in high concentrations
may rather be a side effect of mechanisms regulating the
production of specific IgE or other antibody types. Further-
more, since extensive dual antigenic recognition of specific
IgG1 and IgG4 has been shown to exist for dracunculiasis,5

a similar blocking and protective role of specific IgG1 may
exist. Such a role of IgG1 has also been suggested in Ban-
croftian filariasis.13 The present study thus supports hypoth-
eses previously presented10,13,15 about the significance of spe-
cific IgE in the killing of helminths and, evenly interesting,
about the significance of specific IgG4 (and possibly IgG1)
in blocking of IgE-mediated anti-parasitic effector mecha-
nisms.

Having paid significant attention to immunologic resis-
tance to infection, it should be mentioned, that there may be
other explanations as to why a significant proportion of peo-
ple living in endemic areas never develop patent D. medi-
nensis infections. One explanation is that they are perfectly
susceptible to infection but simply not exposed. However,
since people living in most endemic areas depend on the
same very few water sources, it appears unlikely that this
should be the only factor involved. Alternatively, people
may be asymptomatically infected, i.e., harboring worms
that never emerge on the body surface. Radiographic ex-
aminations of people from endemic communities in India
showed calcified worms in 29% of those who denied having
a history of D. medinensis infection.16 The mechanism be-
hind the inhibition of normal development of these worms
in the body is unclear.

The present study also provides some guidance with re-

spect to the interpretation of antibody-based immunodi-
agnostic tests for dracunculiasis in which it is important to
be able to distinguish between prepatent and postpatent in-
fections. Thus, the mean responses of specific IgG1 and
IgG4 in individuals with prepatent (category a) and early
postpatent (category c) D. medinensis infections were seen
to be similar, whereas individuals with patent infections re-
sponded with much higher mean levels of these antibody
isotypes. Development of an immunodiagnostic test based
on detection of specific IgG1 or IgG4 that can distinguish
patent D. medinensis infections from pre- and postpatent in-
fections may therefore be simple and realistic, whereas de-
velopment of a test that can distinguish between pre- and
postpatent infections appears to be more problematic. In pre-
vious attempts to develop an immunodiagnostic test for dra-
cunculiasis we used a highly specific purified homogenate
of adult female D. medinensis.7 Whether prepatent and post-
patent individuals respond differently in assays based on this
homogenate remains to be studied.
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