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Abstract.

We investigated the type and strength of the immune response to schistosome antigens in a group of 20

Dutch travelers who had been infected with Schistosoma spp. during a group visit to Mali in 1991 and 8 non-infected con-
trols. At the time, 9 had Katayama syndrome (KS), and 11 remained asymptomatic. All had been treated with praziquantel.
Eight years later, serology remained positive in all 20 formerly infected travelers. The lymphocyte proliferative responses
and cytokine responses (interleukin 13 [IL-13], IL-10, and interferon [IFN-y] responses to soluble egg antigens and the
IL-13,IL-10, and IL-5 response to adult worm antigen) were stronger in the travelers than in the controls and tended to
be stronger in those with KS compared with those who had remained asymptomatic. In conclusion, Schistosoma infection
induced a memory immune response, and people who experienced KS tended to have a stronger immune response to
schistosome antigens than their asymptomatic counterparts.

INTRODUCTION

Most of the information on the immunopathology of schis-
tosomiasis is derived from murine models.' Studies in humans
have mainly focused on chronic infections seen in endemic
areas.” The acute response known as Katayama syndrome is
thought to occur in non-immune hosts only.® Prior exposure to
antigens in utero®'? or infection early as opposed to late in life
is believed to account for this difference in symptoms between
persons living in an endemic area and non-immune hosts.

Several studies have analyzed the acute response after a
primary Schistosoma infection.*¢ The symptoms in non-
immune hosts vary widely.'”’® Some non-immune subjects
develop Katayama syndrome, whereas others remain (vir-
tually) asymptomatic. The reason for this difference remains
unknown.”?! Immunologically, eosinophilia and circulating
immune complexes have been associated with acute schis-
tosomiasis,'*'"! and it has been suggested that the cause of
Katayama syndrome is a systemic hyperreactive immune
response to migrating schistosomula.?!

Schistosomiasis in travelers can be considered an experi-
ment of nature with a defined exposure in time, a non-immune
host, low infection intensity, and lack of coinfection or reinfec-
tion. The aim of the present study was to investigate the type
and strength of the cellular immune response to schistosome
antigens in a defined group of previously treated travelers. The
secondary aim was to analyze the difference in the immune
response between those who had and those who had not expe-
rienced Katayama syndrome.

MATERIALS AND METHODS

Subjects. Subjects were recruited from an single episode of
schistosomiasis that occurred among 28 Dutch travelers who
had been infected during a swim in fresh water pools in the
Dogon area in Mali in 1991."7 At the time, 15 had developed
Katayama syndrome, which was defined as occurrence of two
or more of the following symptoms: fever, sweating, abdominal
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pain, myalgia, arthralgia, diarrhea, dry cough, weight loss,
hepatomegaly, splenomegaly, urticaria, or swollen eyelids.

Treatment with praziquantel had resulted in parasitologi-
cal cure in all travelers. In 1999, when this current study was
performed, 21 of the initial 28 subjects could be contacted for
collection of venous blood. To exclude actual Schistosoma
infection, stool and urine samples of all 21 subjects were
screened for schistosome eggs by sedimentation selective fil-
tration methods.?? In short, washed stool samples were sifted
first through a sieve with 106-um pores and then through a
sieve with 53-um pores. Five wet smears of each sample were
searched for schistosome eggs. Urine samples were centri-
fuged for 10 minutes at 2,500 rpm, and the entire sediment
was examined. Stool and urine tests were performed two
times on separate occasions before considered negative. As
controls, eight Dutch individuals who had never traveled to
Schistosoma-endemic regions provided venous blood.

Serology. Antibodies to S. mansoni-derived somatic
antigens (adult worm antigen [AWA]) were assessed by an
indirect immunofluorescence assay (IFA) for the detection of
immunoglobulin M (IgM) antibodies using paraffin sections
of adult male Schistosoma mansoni with Rossmann fixative.
IgG antibodies to egg antigens (soluble egg antigens [SEA])
were assessed by enzyme-linked immunosorbent assay
(ELISA).»2

Antigens. AWA and SEA were prepared from 1.5to 2 g
S. mansoni adult worms and eggs, respectively. After homoge-
nizing in an all-glass homogenizer in a 0.035 M phosphate
buffered saline (PBS), pH 7.8, at 0°C, the homogenate was
transferred to a glass tube and sonicated for 3 minutes at level 7
in a sonicator (Branson Sonic Power Company, Sonicator B-12
power supply and converter, Danbury, CT) at 0°C. Next, the
homogenate was centrifuged for 20 minutes at 25,000 rpm at
4°C, and the supernatant was collected. The pellet was
homogenized again, and the supernatant was collected for
a second time. The first and second collected supernatants
were pooled together and dialyzed against distilled water at
4°C. During this procedure, the water was changed two times.
The dialyzed supernatant was lyophilized and stored at 4°C.
The protein content of the antigen fractions in the dialyzed
supernatants was determined by a bichronic acid method (BCA,;
Pierce 111, Rockford, IL) against standard series from solution
of bovine serum albumin. Finally, the antigens were dissolved in
Iscoves medium at a protein concentration of 20 pg/mL.
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Purified protein derivative (PPD) of Mycobacterium tuber-
culosis (Statens Serum Institute, Copenhagen, Denmark) was
diluted in Iscoves medium (Gibco, Pailsey, Scotland) to a con-
centration of 20 puL derivative per 1 mL. Tetanus toxoid (TT;
RIVM, Bilthoven, The Netherlands) was diluted to a con-
centration of 1.5 Lf (flocculation units) per 1 mL of Iscoves
medium. Phytohaemaglutine (PHA; Murex Biotech Ltd.,
United Kingdom) was diluted to a concentration of 4 ug per
1 mL of Iscoves medium.

Cellular stimulation assay. Peripheral blood mononuclear
cells (PBMC) were isolated from heparinized venous blood
by Ficoll-Hypaque density gradient centrifugation. Cells
were frozen in Roswell Park Memorial Institute medium
(RPMI; Gibco) supplemented with 2 mM/L glutamine,
1 mM/L pyruvate, 20% (vol/vol) pooled human serum, and
10% (vol/vol) dimethyl sulfoxide (DMSO; Merck, Darmstadt,
Germany). Viability after thawing was determined by trypan
blue dye exclusion. Only cell suspensions with at least 90%
viability were used. For the proliferation assay, PBMC (10°
cells per well) were incubated in flat-bottomed microtiter wells
(NUNC maxisorb; Life Technologies, Breda, The Netherlands)
in 100 pL of Iscoves medium (Gibco) supplemented with 10%
(vol/vol) pooled human serum, 2 mM/L glutamine, 1 mM/L
pyruvate, 100 U/mL penicillin, and 100 pg/mL streptomycin in
triplicate at 37°C in humidified air containing 7.5% C0, in the
presence or absence of antigen.

For the determination of cytokine production, PBMC (10°
cells per well) were incubated in round-bottomed microtiter
wells (NUNC maxisorb) in the presence or absence of antigen
in 100 UL of Iscoves medium (Gibco) supplemented with 5%
(vol/vol) fetal calf serum, 2 mM/L glutamine, 1 mM/L pyru-
vate, 100 U/mL penicillin, and 100 pg/mL streptomycin in trip-
licate at 37°C in humidified air containing 7.5% C0,. After the
indicated time, the supernatants were collected, and they were
immediately frozen and stored at —20°C for subsequent deter-
mination of cytokine production. The final concentrations of
antigens used were: AWA, 10 ug/mL; SEA, 10 pg/mL; PHA,
2 ug/mL; PPD, 10 ug/mL; TT, 0.75 Lf.

Proliferation assay. The lymphoproliferative responses to
antigen stimulation (AWA and SEA) and stimulation with the
mitogenic stimulus PHA were determined by adding 1 uCu
of [*H]-thymidine at day 5. After 15 hours of incubation with
[*H]-thymidine, uptake was measured by a scintillation counter.
Values were expressed as stimulation index (SI). SI equals
the geometric mean of (mean counts per minute [cpm] of the
stimulated culture)/(mean cpm of the unstimulated cultures).

Cytokine production. Supernatants were collected for
determination of interleukin 10 (IL-10) and IL-13 on day 3 and
interferon (IFN-y) and IL-5 responses on day 5. Cytokines were
measured by use of ELISA using specific capture and detection
monoclonal antibodies (IFN-y, IL-13, and IL-10, Pelikine
Compact ELISA kit; Central Laboratory of Bloodtransfusion,
Leiden, The Netherlands and IL-5; BD; Pharmingen; Franklin
Lakes,NJ).The detection limits of the assays were 3 pg of IFN-y/
mL,3 pgof IL-10/mL,3 pg of IL-5/mL,and 3 pg of IL-13/mL.The
upper limit was 30.000 pg/mL, and any value above was defined
as 30.000 pg/mL. Detectable values in unstimulated cultures
were subtracted from the value in stimulated cultures. When this
difference was negative, the value of produced cytokine after
stimulation was defined as 1.5 pg/mL. Cytokine responses could
not be determined in all subjects because of technical problems
with the assay and the limited amount of blood.

Statistical analysis. Differences between responses were
tested with the non-parametric Mann—Whitney test. Statistical
significance was defined as a P value < 0.05. No correction was
made for multiple testing.

RESULTS

Study subjects’ infection and clinical status. Twenty-one
subjects who had been treated for schistosomiasis in 1991
volunteered to participate in the current study. At the time of
diagnosisin 1991, all subjects had positive schistosome serology,
and 15 subjects (71%) had eggs in the feces and/or urine. In
1999, renewed microscopic examination of stool and urine
was performed two times on separate occasions in all subjects.
Schistosome eggs were found in the stool of only 1 traveler.
This patient was treated with praziquantel and excluded from
further analysis. Twenty travelers were included in the present
analysis, 9 who had suffered Katayama syndrome in 1991 and
11 who were asymptomatic. Of these 20 subjects, 14 (70%) had
eggs in the feces and/or urine in 1991. Twelve of these subjects
(12/14; 86%) had been infected with S. mansoni, often as part
of a mixed infection with S. haematobium (Table 1).

Serologic response to AWA and SEA. Serum antibodies to
AWA and SEA were determined in all travelers at 12.6 (£2.5)
weeks after fresh water exposure in 1991 and 55.7 (+15) weeks
and 8 years after treatment. Eight years after treatment, none
of the travelers had reverted to negative serology for both
AWA and SEA, although IgM anti-AWA titers had decreased.
Median IgM anti-AWA titers were: 1:1,024 (IQOR = 1:1,024-
1:2,048) at 12.6 weeks, 1:1,024 (IQR = 1:512-1:1,024) at 55.7
weeks, and 1:362 (IQR = 1:128-1:861) at 8 years. Median
IgG anti-SEA titers were 1:128 (IQR = 1:64-1:256) at 12.6
weeks, 1:256 (IQR = 1:76-1:256) at 55.7 weeks, and 1:128
(IQR =1:76-1:256) at 8 years. At all three time points, median
antibody levels did not differ significantly between the group
with Katayama syndrome and the group that had remained
asymptomatic.

Lymphocyte proliferative response. The lymphoproliferative
response could be determined for 18 of 20 travelers. A
lymphoproliferative response was seen to both AWA and SEA
in the 18 formerly infected travelers but not in 8 non-infected
controls: the median SI in travelers in response to AWA was

TABLE 1
Patient characteristics

Katayama No Katayama Controls
syndrome syndrome (no infection;
(N=9) (N=11) N=38)
Male/female 4/5 4/7 5/3
Mean age in years 52.0 52.1 22
Number of subjects positive for
Schistosoma spp. eggs in stool
or urine in 1991 7(78%)  7(64%) -
S. mansoni 3(33%) 1(9%) -
S. intercalatum 1(11%) 0 -
S. haematobium 0 1(9%) -
S. mansoni and S. intercalatum 2(22%)  2(18%) -
S. mansoni and S. haematobium 0 2 (18%) -
S. mansoni, S. intercalatum, and
S. haematobium 1(11%)  1(9%) -
No eggs found 2(22%) 4 (36%) -
Number of subjects positive for
Schistosoma spp. eggs in stool
or urine in 1999 0 0 -
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TABLE 2

Stimulation index to AWA, SEA, and PHA 8 years after treatment in
20 Dutch travelers*

Stimulation index median (mean + standard error)

Antigen Katayama syndrome (N = 8) No Katayama syndrome (N = 10) P valuef
AWA  30(33 = 10) 9(18+7) 0.17
SEA  15(13+2) 7(10+5) 0.08
PHA 408 568 0.48

SEA = soluble egg antigen; AWA = adult worm antigen; PHA = phytohaemaglutinin.

*The stimulation index was not determined for 1 person in each group, because their sam-
ple had less than 90% viable peripheral blood mononuclear cells after thawing.

T Mann-Whitney test.

15 (mean = 25, standard error = 6) and in response to SEA was
10 (mean = 12, standard error = 3); the median SI in controls
in response to both AWA and SEA was 1 (mean = 1, standard
error = 1). Although the median responses were stronger in
those who had experienced Katayama syndrome in the past (SI
for AWA =30, SI for SEA = 15) compared with those who had
remained asymptomatic (SI for AWA = 9, SI for SEA = 7),
these differences did not reach statistical significance (P values
for the differences = 0.17 and 0.08, respectively) (Table 2).
Cytokine responses. In comparison to non-infected controls,
travelers had higher levels of IL-5,1L-10,and IL-13 in response
to AWA. In response to SEA, travelers showed higher
production of IFN-y, IL-10, and IL-13 (Figure 1). Travelers
who had experienced Katayama syndrome in the past showed
higher production of IL-13 (P = 0.03) in response to AWA
and higher production of IL-13 (P = 0.009), IFN-y (P = 0.004),
and IL-5 (P = 0.06) in response to SEA compared with those
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who had been infected but remained asymptomatic (Figure 1).
The IL-10 responses were similar in those with and without
Katayama syndrome. Ten samples were taken at random and
stimulated with TT and PPD. No differences in production
of IL-5, IL-10, IL-13, and IFN-y were seen between four
travelers who had Katayama syndrome and six travelers who
did not.

DISCUSSION

Eight years after treatment of schistosomiasis, positive
serology persisted in all 20 travelers. There was also a specific
lymphoproliferative response to schistosome antigens, which
indicates that an acute schistosome infection in a naive sub-
ject induces a memory response that lasts for at least 8 years.
Long-lasting positive serology after treatment of schistosomi-
asis is consistent with previous reports.>?° This may be caused
by persisting egg antigens, providing a stimulus to the immune
system even after worms are eliminated. However, worms
have been known to survive in the human host for up to 31
years,”” and treatment has been known to fail. Egg secretion
was the only method to establish whether an active infection
was still present. Although we performed microscopic analy-
sis two times, examining five wet smears per stool sample and
the entire urine sediment on each occasion, we cannot exclude
the possibility of persisting low-grade infection as a cause of
long-lasting positive serology. Furthermore, the antibodies
can be cross-reactive to antigens from other sources such as
certain carbohydrates.”® Therefore, even without infection,
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of which 9 had experienced Katayama syndrome and 11 had not, were compared with 8 non-infected controls. Cytokine responses could not be
determined for all subjects because of technical problems with the assay and the limited amount of blood. Differences were tested using the non-
parametric Mann—Whitney test.
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stimulation of antibody production may occur from time to
time.

It is surprising that AWA induced IFN-y production in the
controls but no lymphocyte proliferation in the controls. High
IFN-ylevels in controls have been reported before in response
to AWA and SEA.'" It is possible that components of these
antigenic mixtures bear pathogen-associated molecular pat-
terns and react with pattern recognition receptors on immune
cells, such as monocytes, B-lymphocytes, or natural killer (NK)
cells. The IFN-yresponse to AWA in uninfected subjects might
be produced by NK cells, which can readily release IFN-y in
response to stimulation by pathogen-associated molecular pat-
terns (PAMPs).?” We do not know if these PAMPs are schisto-
some-specific or caused by endotoxin contamination.

The data suggest that 8 years after treatment of schistosomi-
asis, those who had Katayama syndrome in the past had stron-
ger or less well-regulated lymphoproliferative and cytokine
responses to schistosome antigens compared with those who
were infected but remained asymptomatic. However, most dif-
ferences did not meet conventional levels for statistical sig-
nificance. In addition, all stimulation assays were done with
S. mansoni-derived antigens. We can not fully rule out that
S. haemaobium- or S. intercalatum-infected subjects would
react less with S. mansoni antigens. Studies conducted on
Senegalese patients living in an endemic area with single
S. haemaobium, single S. mansoni, or mixed S. haemaobium
and S. mansoni infections indicated that the antigens are cross-
reactive when it comes to cytokine production. In other words,
there was no consistent pattern showing that S. haemaobium-
infected subjects respond better to S. haemaobium antigen
than S. mansoni antigen or vice versa (unpublished data).
Nevertheless, the percentage with proven S. mansoni infection
was slightly higher in the group with Katayama syndrome than
in the group without Katayama syndrome, and this may have
influenced results.

We studied a limited number of cytokines that we believed
to be important in the immune response in naive subjects. It has
been argued that it makes biological sense for IL-13, IL-5, and
IFN-y to have a central role in the response to infection with
Schistosoma spp.’®* Because of IL-13’s function in signaling
B cells to switch to IgE production and IL5’s and IL-13’s prin-
cipal role in recruiting and activating eosinophils, these cytok-
ines are important in the initial response to invading cercaria
and later on, to schistosomula.** Eosinophilia is known to be
associated with Katayama syndrome,'"” and the stronger IL-5
and IL-13 responses that we found may reflect stronger acti-
vation of eosinophils at the time of infection in the travelers
with Katayama syndrome. The higher IFN-y levels in response
to SEA in travelers with Katayama syndrome may reflect a
stronger immune response to the infection in this group.

This study shows that acute schistosomiasis induces a mem-
ory response that can be detected 8 years after treatment.
Furthermore, we found that formerly infected travelers who
had Katayama syndrome had an overall stronger action of the
immune system to schistosome antigens compared with their
asymptomatic counterparts. This is in line with the idea that
Katayama syndrome is caused by a hyperreactive immune
response to migrating schistosomula or eggs. Why some do and
others do not mount such a hyperreactive immune response
remains unknown. Differences in the genetic background or
the antigen load during the acute infection offer plausible but
unproven explanations.
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