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Female mice treated with dehydroepiandrosterone sulfate early during infection were partially protected
(P < 0.05–0.005) from Schistosoma mansoni infection. Hormone treatment did not modify parasite-specific
cellular or humoral responses. Serum dehydroepiandrosterone sulfate levels and testosterone infection were
negatively correlated, r 5 20.621 and r 5 20.653, respectively, with schistosome worm burden. The partial
resistance to schistosome infection in dehydroepiandrosterone sulfate-treated female mice may be due to the
known antischistosomular activity of testosterone.

Schistosomiasis is a parasitic helminth disease that infects
.250 million people worldwide. Epidemiologic studies in dif-
ferent geographic areas of the world have consistently demon-
strated that the age-related patterns of schistosome infection
found in human populations are remarkably similar. In in-
fected human populations, there is a peak of schistosome in-
fection in children, followed by a dramatic decline at a time
that is coincident with puberty. Many physiological changes
that occur during puberty are hormonally controlled. Thus,
hormones that are elevated during puberty could indirectly
modulate responses that influence schistosome infection, such
as skin thickness, or directly regulate schistosome infection by,
for example, elevating protective immune responses. The ad-
renal steroid hormone dehydroepiandrosterone (DHEA) is
implicated in age-related changes in the immune system and
susceptibility to certain diseases (3, 12). In the circulation, the
majority of DHEA is in the sulfate form, DHEA sulfate
(DHEAS), and is converted to DHEA by DHEA sulfatase (9).
DHEA is the most abundant hormone in the circulation of
males and females, and levels of DHEA(S) in plasma are age
related, with the highest levels being present by 20 to 30 years
of age, followed by a progressive decline with age (8–10). In
animal models, DHEA treatment has been shown to protect
against viral (2, 5) and parasitic protozoan (11) infections. The
concept that DHEA(S) may influence a parasitic helminth
infection has not been addressed. In this study, we have eval-
uated whether DHEAS has a regulatory role in murine Schis-
tosoma mansoni infection.

Female mice were placed on DHEAS-supplemented water
14 days prior to challenge with S. mansoni and maintained on
DHEAS throughout infection until perfusion (day 47 to 49
after infection). DHEAS treatment was based on original pro-
tocols described by Araneo et al. (1). In three separate exper-
iments (A, B, and C), DHEAS-treated mice had significantly
lower worm recoveries (P , 0.01 to 0.005) than did control
mice (Fig. 1). DHEAS treatment did not modify worm mor-
phology, male/female sex ratio, or the fecundity of the para-

sites. To determine when DHEAS treatment mediates partial
protection against schistosome infection, mice were placed on
DHEAS for different periods of time prior to and during in-
fection. DHEAS treatment prior to infection and for the first
2 weeks of infection caused a significantly (P , 0.05) reduced
worm burden; in contrast, when DHEAS was administered
from the second week of infection until termination no effect
on worm burden was observed (data not shown). This data
indicates that the effects of DHEAS treatment that partially
protect female mice from schistosome infection occur in re-
sponse to the early migratory larval stage of schistosome in-
fection and that DHEAS is not active against adult worms.

Despite DHEAS treatment of female mice repeatedly caus-
ing a 30 to 35% lower level of schistosome infection, no im-
munological parameter examined was distinctly different in
DHEAS-treated groups compared to untreated infected mice.
There were marginally lower immune responses to parasite
antigens, both cellular (interleukin-2 [IL-2], gamma interferon,
IL-4, and IL-5) and humoral (immunoglobulin G1 and immu-
noglobulin G2a), in DHEAS-treated mice (data not shown).
The generalized diminished immune responsiveness to para-
site antigens in hormone-treated mice compared to untreated
infected mice was probably a reflection of the reduced worm
burden in these mice and, therefore, the consequential lower in
vivo stimulation with worm or egg antigens.

The levels of DHEAS in the serum of mice were assayed by
DHEA-S test kits (Genzyme Diagnostics, Cambridge, Mass.).
Infected female mice that had been maintained on DHEAS for
9 weeks had increased concentrations of DHEAS (0.295 6
0.187 mg/ml) in their serum compared to infected mice not
treated with hormone (0.104 6 0.066 mg/ml). Schistosome in-
fection did not alter DHEAS levels (data not shown). The
levels of DHEAS in the serum of hormone-treated mice on the
day prior to infection had a significant inverse relationship with
worm burden (Fig. 2a). Serum DHEAS levels in untreated
mice prior to infection were also inversely correlated with
worm burden (r 5 20.226), but this correlation was not sig-
nificant. In humans, DHEAS treatment of females is thought
to lead to increases in circulating androgenic hormones, in
particular testosterone (3). As testosterone is a potential met-
abolic by-product of DHEAS, we measured serum testoster-
one in DHEAS-treated mice. Testosterone was assayed by
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radioimmunoassay with Coat-a-Count Total Testosterone kits
(DPC, Los Angeles, Calif.). Female CBA/Ca mice had levels of
serum testosterone that were at the lower limit of detection of
the testosterone assay used (0.435 6 0.171 ng/ml). However,
female mice that had been treated with DHEAS for 9 weeks
had an approximately 13-fold increase in the levels of testos-
terone in serum (5.683 6 2.018 ng/ml). DHEAS treatment of
female mice clearly elevates testosterone levels, with a positive
correlation (r 5 0.482) between serum DHEAS concentrations
and testosterone levels. Similar to the association between
DHEAS and worm burden, the levels of testosterone in serum
on the day prior to infection were significantly negatively cor-
related with worm burden (Fig. 2b). The elevated levels of
serum testosterone that we observed in DHEAS-treated fe-
male mice are probably the result of the conversion of excess
DHEAS to testosterone.

Among mice, females are more susceptible to S. mansoni
infection than are males (4). The naturally lower susceptibility
of male mice to schistosome infection has been attributed to
the presence of more testosterone in male than in female mice
(7). Experiments to demonstrate the role of testosterone in
susceptibility to schistosome infection have shown that admin-
istration of testosterone to female mice early during infection
renders females less susceptible to infection and that, con-
versely, castrated male mice are more susceptible to infection
(7). Similarly, DHEAS treatment was effective only against
larval stages and had no effect against older worms. The sig-
nificant negative correlation between serum testosterone and
worm burden described in this study has been shown previ-
ously (7). The partial resistance of DHEAS-treated female
mice to schistosome infection observed in this study may have
been mediated by testosterone. In fact, a role for testosterone
in human schistosomiasis has been previously reported: Skelly
and others (13) described a possible negative correlation be-
tween parasite load (fecal egg counts) and testosterone levels
in Brazilian male schistosomiasis patients. The mechanism
whereby testosterone may influence schistosome infection is
not known. The isolation of an adrenal hormone receptor from
a schistosome cDNA library may indicate that testosterone
may directly impair schistosomular development (7). It is also
relevant that DHEA modulates T-cell function by a specific

DHEA receptor on T cells (6), and a similar receptor may be
present also in schistosomes.

In summary, DHEAS treatment of female mice during early
schistosome infection causes partial (30 to 35%) resistance to
S. mansoni. The reduced worm burden was not attributable to
hormone treatment directly modifying cellular or humoral re-
sponses to the parasite. Both the concentration of DHEAS and
that of testosterone in the serum of hormone-treated mice
negatively correlated with worm burden. Testosterone may be
mediating resistance of mice to schistosome infection by a
mechanism that is not currently elucidated. We have com-
menced human studies on Kenyan populations in which schis-
tosome infection is endemic to elucidate the relationship be-
tween DHEAS and other hormones, schistosome infection,
and antiparasite immunity. Such studies may more accurately
address the roles of hormones in schistosome infection.
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