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Treatment of human acute schistosomiasis with oxamniquine
induces an increase in interferon-y response to
Schistosoma mansoni antigens
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Patients with acute schistosomiasis were studied before and after oxamniquine treatment. They had been
exposed to cercariae 5 to 9 weeks before, and presented compatible clinical manifestations, eosinophilia, and
high levels of total IgE. Interferon-y (IFN-}) and interleukin-4 were measured by ELISA in whole blood samples
under soluble egg antigen or soluble adult worm preparation stimulation. After treatment, the reduction of
leukocytosis and eosinophilia were not significant, but total 1gE levels decreased significantly, in contrast to
IFN-y levels that were significantly increased. The oxamniquine treatment of acute schistosomiasis patients is
followed by an improvement of a Thl response in vitro. If this response has a protective aspect is unknown, and

some investigations need to be realized.
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In Brazil, schistosomiasis is historically considered
to be a rural endemic disease. However, it is gradually
expanding into some coastal regions of the state of
Pernambuco, due to the exodus of rural workers to the
urban areas, resulting in unusual outbreaks of acute
schistosomiasis (Barbosa et al. 1998, 2000, 2001). Al-
though immunological responses have been extensively
examined in chronic patients, relatively few studies have
been carried out with human acute schistosomiasis
(Montenegro et al. 1999, Ribeiro de Jesus et a. 2002).
In the present paper, patients selected from one of the
rare outbreaks of acute schistosomiasis occurred in Bra-
zil, were studied before and after oxamniquine treatment
and the immunological findings reported.

Eleven patients infected with acute schistosomiasis
mansoni were selected in 2000, during an outbreak oc-
curred in Porto de Galinhas beach, located in the south-
ern coastal area of the state of Pernambuco, Brazil. They
had been exposed to cercariae 5 to 9 weeks before, and
presented fever, eosinophilia, cough, and, gastrointesti-
nal symptoms. Informed consent was obtained from all
patients, in linewith the Brazilian ethical guidelines. The
11 subjects studied were 7 males and 4 femal eswith ages
ranging from 8 to 34 years (mean = 14 years). Physical,
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hematological, and stool examinations (according to
Hoffman et a. (1934) and Katz et a. (1972) were per-
formed in all patients. Detection of Schistosoma
mansoni eggs was achieved in all acute patients studied.
No other parasites were detected by stool examination.
The parasite burden before treatment ranged from 24 to
1512 eggs/g of stool (mean = 220; SEM = 131). Blood
samples (5 ml) were collected into heparin (10 U/ml)
for leukocyte counts and cellular culture, before and 6
months after specific treatment with oxamniquine (15
mg/kg of body weight, single oral dose). Total blood |eu-
kocytes were stained with Turk’s solution and counted
in a Neubauer chamber. The relative and absolute eosi-
nophil levels were determined in Giemsa stained blood
smears. Whole blood without separation of peripheral
blood mononuclear cells, were diluted in RPMI 1640
medium (1:3) plus penicilin (100 U/ml) and strepto-
micyn (100 pg/ml), and 0.7 ml were placed per well, as
described previously (Montenegro et al. 1999). Thecells
were stimulated with soluble egg antigens (SEA, 20 pg/
ml), soluble worm antigen preparations (SWAP, 50 pg/
ml), and phorbol myristate acetate (PMA, 50 ng/ml) plus
ionomycin (IONO, 1 pg/ml) as mitogens in a 48 well
flat-bottom plates and incubated at 37°C in a 5% CO,
humidified atmosphere. Then, supernatants were col-
lected after 96 h, quickly frozen, and stored at —70°C
until use. Interferon-y (IFN-y) and interleukin-4 (IL-4)
were quantified by capture ELISA (enzyme linked
immunosorbent assay) as described previously
(Montenegro et al. 1999). Eleven hedlthy Brazilian in-
dividuals, living in non-endemic areas of Pernambuco,
with negative stool examinations and no previous his-
tory of exposure to schistosoma infection were included
as controls. Total IgE (E immunoglobulin) antibodies
were measured in plasma by the ACCESS (Beckman
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Coulter) immunoassay, as described el sewhere (Addison
et al. 1972). Differences between paired groups were
assessed by the Wilcoxon signed rank test and correla-
tion between variables was determined by cal culating the
Spearman’s rank correlation coefficients. Statistical sig-
nificance was considered at P < 0.05.

Most of the reinfection studies indicate that schis-
tosome-specific Th2 responses are associated with pro-
tective immunity after treatment of chronically infected
patients (Butterworth 1998). In this context, it has been
previously suggested that drug-dependent killing of
worms in situ might boost protective immunity against
reinfection by immunizing with antigens released from
dying worms (Dunne et al. 1992, Webster et al. 1997,
Woolhouse & Hagan 1999). More recently, it was shown
that the immune responses induced by chemotherapy is
heterogeneous, depending on the type of antigen used
and time of analysis after treatment (Fitzsimmons et al.
2004, Joseph et al. 2004). However, most of the immu-
nological studies after schistosomiasis treatment were
undertaken in chronically infected patients living in en-
demic areas. We studied the effects of oxamniquinetreat-
ment in acutely infected patients that did not live in en-
demic areas and were sel ected during an outbreak of acute
schistosomiasisin a coastal area of Brazil. Although the
cytokine assays were not performed in a large sample,
the present paper contributes to a better understanding
of the immune responses after treatment, because acute
schistosomiasis is rare in endemic areas. Our results
demonstrated that after treatment the IFN-y levels in-

SEA

creased significantly in response to SEA (P = 0.0076),
SWAP (P = 0.0076), and mitogens (P = 0.0099, Figure).
Before treatment, the production of IFN-y was similar
to controls (data not shown). Thisisin line with studies
that demonstrated increased |FN-y production by T cell
clone populations derived from treated acute patients
(Contigli et al. 1999). Similarly, it was reported that pa-
tientswith chronic diseaseliving in endemic areashowed
increased levels of |FN-y after treatment, in response to
parasite antigens (Correa-Oliveira et al. 2000). Prob-
ably, theincreasein T cell reactivity after chemotherapy
can be explained by exposure of released antigensto the
immune system following destruction of worms by che-
motherapy (Araljo et al. 1996, Grogan et al. 1996, Brito
et a. 2000, Correa-Oliveira et a. 2000). Nonetheless,
the production of IFN-y post-treatment did not corre-
late significantly with the parasite burden before treat-
ment, possibly because of the small number of patients
analyzed. It has been suggested that schistosome infec-
tion downmodulates the immune responses (Colley et
al. 1986, Zwingenberger et al. 1989). Thus, alternatively,
the increase in T cell reactivity after the treatment of
infection, could be explained by termination of modula-
tion and release from the repression of the immune re-
sponse (Joseph et al. 2004). Although there are evidence
for arole of IL-10 in the suppression of the Thl re-
sponse in late stages of the acute phase (16 weeks after
exposure) of human schistosomiasis (Montenegro et al.
1999, Abath et a. 2006), it is not clear if this would
occur at earlier stages of acute human schistosomiasis.

IFN-y
SWAP

16000
14000
12000
10000
8000 A
6000 -
4000 A
2000 A

16000
14000 r
P=0.0076
12000 r
10000
8000 A
6000 A
4000 A

2000 A

-2000

Pre-treatment Post-treatment

PMA/IONO

-2000

Pre-treatment Post-treatment

P =0.0099

Pre-treatment

Post-treatment

Interferon-y (pg/ml) levels measured by ELISA in whole blood cultures from acutely infected patients pre and post-treatment. The stimulations are
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TABLE
Pre- and post-treatment total leukocyte counts, eosinophil percentages, and
plasmalgE levels in 11 schistosomiasis acutely infected patients
Pre-treatment Post-treatmentMean

Parameters Mean + SEM Range Mean + SEM Range
Total leukocytes 10350+ 1412 4850-19750 9727+ 750 6350-14000
Eosinophil (mmd) 1616+ 252 81-3516 858+ 171* 7-2112
IgE (IU/ml) 1364+ 519 40-6100 535+ 178* 15-1979

* P <0.05; SEM: standard error of mean.

On the other hand, there are reports that levels of 1FN-y
induced by SEA and SWAPwere not significantly changed
by treatment in chronic patients from endemic areas 7
weeks after treatment with praziquantel (Joseph et al.
2004).

Chronically infected patients treated with pra-
ziquantel produced significantly more IL-4 and IL-5 in
response to SWAP, although this was not observed in
response to SEA (Joseph et al. 2004). In contrast, we
could not demonstrate a significant increase in the pro-
duction of IL-4 after treatment of acute schistosomia-
Sis, as production of 1L-4 in response to SEA or SWAP
were similar to controls before and after chemotherapy
(data not shown). The majority of studies on human im-
mune responses highlighted the importance of humoral
immunity based on IgE responses, having eosinophils
as effector cells (Hagan et al. 1991). Herein we showed
that acutely infected patients presented leukocytosiswith
eosinophiliaand high levelsof total IgE. PlasmalgE lev-
els (Table) and eosinophil counts were significantly de-
creased after treatment (P = 0.0164 and 0.0208, respec-
tively). Differently, studies in chronic patients demon-
strated an increasein the levels of IgE antibodies against
adult worm antigens after three months of treatment
(Correa-Oliveira et a. 2000).

In summary, treatment of acute schistosomiasis with
oxamniquine is followed by an improvement of a Thl
response in vitro. If this response has a protective char-
acter is unknown and demands further investigations.
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