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Interactions between Schistosomiasis and Human
Immunodeficiency Virus in Western Kenya
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For the past ten years, we have been exploring the relationship between schistosomiasis and human immunode-
ficiency virus (HIV-1) and how coinfection with both agents may affect the pathology and progression of each
infection. To date, given the systems we have examined, the effects of HIV-1 on schistosomiasis have been more
profound than the effects of schistosomiasis on HIV-1 progression. Additional key questions with important public
health implications remain unanswered, but hopefully not unanswerable.
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M ost research on human immunol ogic and pathologic
responsesto tropical diseases occursin locationsendemic
for morethat one parasitic infection. Because of the com-
plexity inherit in effectively studying even one infection
on the background of variations in patient genetic back-
grounds, infection timing and infectious dose, typically
only the effects of a single parasite under study are con-
sidered. However, the interaction of some co-infections
istoo great toignore, presenting increased challengesfor
data interpretation but also providing opportunities to
learn more about each infectious agent.

A prime example of such a situation is our study of
schistosomiasisin car washers working along the shores
of LakeVictoria. Thispopulation providesaunique study
opportunity because the basisfor their pay isthe number
of carswashed, providing an excellent proxy measure of
individual water contact. Asaresult, it hasbeen possible
for usto evaluate resistance and susceptibility in alarge
number of individuals and make predictions about the
factors involved in developing resistance to reinfection
(Karanjaet a. 2002). However, approximately onethird of
the car washers are also positive for human immunodefi-
ciency virus (HIV-1). Thus, any accurate assessment of
patient responses that are likely to depend on CD4* T
cells, such asresistance to reinfection or development of
pathology, must aso take into account HIV-1 infection
statusand CD4" T cell level. At the sametime, it ispos-
sible that ongoing infections with Schistosoma mansoni
may also have effects on apatient’s HIV-1 infection.

EFFECTS OF HIV-1 ON SCHISTOSOMIASIS

Our initia studiesfocused on straightforward investi-
gations of if and how HIV-1 co-infection alters parasitol-
ogy of S. mansoni infectionsin humans and treatment of
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these infections. Consistent with studiesin T cell defi-
cient mice (Doenhoff et al. 1986), we found that schisto-
somiasis patientswith HIV-1 infections and reduced CD4*
T cell levelsexcreted fewer eggsthan HIV-1 negative per-
sons despite having comparable circulating antigen lev-
els (an indication of having similar numbers of adult
worms, Karanjaet al. 1997). Furthermore, theefficiency of
egg excretion had a significant and positive correlation
with CD4" T cell levels in the HIV-1 positive patients.
These findings support the theory that efficient egg ex-
cretion is dependent on the host’simmunol ogic response
(Damian 1987).

We next investigated whether treatment of human
schistosomiasis was affected by HIV-1 coinfection. As
with granuloma formation and egg excretion, mice with
severe T cell immunodeficienciesdo not clear their schis-
tosomeinfections when treated with praziquantel (Sabah
et al. 1985). In contrast to the experimental studies,
praziquantel wasjust as effective atreatment for schisto-
somiasis patients with HIV-1, even those with decreased
CD4* T céell counts, asit wasfor HIV-1 negative schisto-
somiasis patients (Karanjaet a. 1998). Part of thismay be
due to the likelihood that infection with schistosomes
preceded infection with HIV-1, based on the age preva-
lence curve for both pathogens. As a result, the anti-
schistosome antibody responses critical for praziquantel
efficacy (Brindley & Sher 1987) may have developed prior
to depletion of CD4* T cell help that may be necessary for
antibody production. Serafrom both HIV-1 positive and
negative schistomiasis patients contained antibody reac-
tivities to antigens that have been proposed as important
targetsfor praziquantel efficacy (Brindley et a. 1989).

The differences between schistosomiasis and HIV-1
age-prevalence curves may also play arolein the absence
of any effect of HIV-1 on schistosomiasis-associated liver
and spleen pathology. We had hypothesized that the
depletion of CD4* T cellsby HIV-1, coupled withtheim-
portance of CD4* T cellsin granulomaformation and sub-
sequent fibrosis development in some individuals, may
result in adecreased prevalence of ultrasound-detectable
fibrosis in coinfected patients. In addition, asin T cell
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deficient animal models (Buchananet a. 1973, Lucaset a.
1980), we thought that coinfected persons might demon-
strateincrease level s of serum liver enzymesindicative of
parenchymal damage. However, neither measurewassig-
nificantly different between HIV-1 positive and negative
schistosomiasis patients (Mwinzi et al., in press). Wedid
observe that hepatic fibrosis, even in the absence of se-
vere hepatosplenomegaly, was associated with a signifi-
cant decreasein CD4* T cellsin HIV-1 negative individu-
als. Thus, because schistosomiasis patients likely to de-
velop the hepatosplenic form of disease may be well on
their way to severe pathology before they ever get ex-
posed to HIV-1, HIV-1 coinfection may not alter schisto-
somiasis pathology. However, the reverse situation, in
which fibrogenesis in schistosomiasis leads to reduced
CDA4* T cells, may further exacerbate HIV-1 progression
and susceptibility to opportunistic infections (Mwinzi et
al.,inpress).

When assessing susceptibility to reinfection in the
car washers, we observed that personswith HIV-1 infec-
tion and reduced CD4* T cell counts were more suscep-
tibleto reinfection than were persons not coinfected with
HIV-1, suggesting that host resistance to parasite rein-
fection may be dependent on CD4* T cell help (Karanjaet
al. 2002). In addition, we have demonstrated that periph-
eral blood mononuclear cells (PBMCs) from schistoso-
miasi s patientswith HI'V-1 coinfection produce decreased
levelsof interleukin (IL-4) and IL-10 compared to persons
with schistosomiasis alone and that the magnitude of this
effect correlateswith the decreasein CD4* T cells(Mwinzi
et al. 2001). Thesefindings are consistent with observa-
tionsthat HIV-1infectsand replicates morereadily in Th2
cell clonesthanin Thl cells (Maggi et al. 1994) and the
hypothesis that persons infected with schistosomes or
other helminths may be more susceptibleto HIV-1 infec-
tion and progression than nonparasitized individuals
(Bentwich et al. 1995).

EFFECTS OF SCHISTOSOMIASIS ON HIV-1

Although amost a decade has passed since promul-
gation of the hypothesis that heminth infections exacer-
bate HIV-1 progression in humans, definitive proof or refu-
tation of an effect of schistosomiasis or other helminths
on the course of HIV-1 infection and disease in humans
has been difficult to obtain. Thisisin part dueto neces-
sary ethical considerations that require indirect study
designs. For example, two groups of HIV-1 patients, one
with and one without helminth infection, cannot be com-
pared longitudinally because patients diagnosed with a
helminth infection must be treated for their parasites, not
simply followed to comparetheir HIV-1 disease progres-
sion. Nevertheless, there are some datafrom human stud-
iesthat support the hypothesis that people with helminth
infections are more susceptibleto HIV-1 infection and/or
experienceincreased viral replication. Cellsfrom persons
with schistosomiasis, intestinal helminths, or filariasisare
more susceptibleto HIV-1infectionin vitro than are cells
from persons without helminth infection (Shapira-Nahor
eta. 1998, Gopinath et al. 2000, Mwinzi et a ., unpublished
observations). Levels of the chemokine receptors that
also serveasHIV-1 coreceptors may provide amechanis-

tic explanation for these observations. We have recently
observed that CD4* T cells and monocytes from schisto-
somiasis patients express higher levels of CXCR4 and
CCRS5 than do cells from patients who have previously
had schistosomiasis but have been treated (Secor et a.
2003). Together with the data suggesting that Th2 cells
are more readily eliminated in vivo in co-infected indi-
viduals (Mwinzi et al. 2001), these in vitro data support
the hypothesis that cells from helminth-infected persons
are more susceptibleto infection with HIV-1. However, a
moreimportant public health question iswhether asimilar
effect occursinvivo.

Because it is not ethical to follow helminth infected
individuals for HIV-1 progression without treatment, we
addressed this question by measuring viral loads of HIV-
1-positive schistosomiasis patients at single time points
before and after treatment of the patients’ schistosomia-
siswith praziquantel (Lawn et a. 2000). Whileboth fecal
egg and circulating antigen levels were reduced by pra-
ziquantel treatment, we did not observe a drop in viral
load following successful treatment. Given the constraints
associated with this study (e.g., follow-up ranging be-
tween 1 and 15 months, no knowledge of initial date of
HIV-1 infection, and confounding reinfections), we are
not convinced that the failure to observe a significant
dropinviral load eliminates the possibility that hel minth
infections do not promote HIV-1 replication. However,
we are confident from our results that treatment of a
person’s schistosome infection was not detrimental to an
individual’s well being through release of a presumably
immunostimulatory bolus of parasite antigens. This is
import information at atime when World Health Assem-
bly Resolution 54.19 urges repeated annual or bi-annual
treatment for those with schistosomiasis.

To better address the effects of schistosomiasis on
host susceptibility and viral replication, we haveinitiated
non-human primate studies using a simian immunodefi-
ciency virus constructed with HIV-1 coat proteins. Pre-
liminary results suggest that schistosome infected ani-
mal sdevelop aprominent Th2 response and are more eas-
ily infected and/or demonstrate a higher rate of viral rep-
lication than do control animals (Chenine et a., manu-
script in preparation). If helminth infections promotein-
creased plasma viral loads, this could in turn result in
greater shedding of infectious virus into mucosal secre-
tions, thus increasing the transmissibility of HIV-1. In-
deed, personswith increased viral loadsare morelikely to
transmit virusto their sexual partners (Quinn et a. 2000).
Consequently, chronic helminth infectionsin sub-Saharan
Africamay not only accelerate HIV-1 disease progression
in coin-fected individuals themselves, but may also sig-
nificantly contributeto the rapid spread of the HIV-1 epi-
demic in this part of the world by rendering coinfected
individuals moreinfectiousto their sexual partners.

Another aspect worthy of consideration is what ef-
fect schistosomiasis may have on HIV-1 vaccine efficacy
if and when avaccine is developed. Presumably, effec-
tivevaccinesagainst HIV-1 will stimulateaCTL response
with the help of Thl-type cells. However, the induction
of aTh2 cytokine profile by schistosome eggsis so domi-
nant that responses to other, unrelated antigens or infec-
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tions can be altered in the presence of this parasite. For
example, immunization of micewith sperm whale myoglo-
bin normally generatesa Th1-type CD4* T-cell response;
however, if the mice are chronically infected with S,
mansoni at the time of immunization, the Thl responseis
downregulated and replaced by amore Th2-like response
totheimmunogen (Kullberg et al. 1992). Similarly, human
PBM Cs collected following tetanus toxoid immunization
of individual swho had schistosomiasis at the time of im-
munization produced less interferon-y (IFN-y) and more
IL-4 when restimulated in vitro with tetanus toxoid than
PBMC collected from non-infected control vaccine recipi-
ents, suggesting that the immune response in the S.
mansoni-infected vaccinees was skewed towards a Th2-
like response to the “bystander” tetanus toxoid antigen
(Sabinet al. 1996). Thus, personswith schistosomiasisor
other Th2-inducing helminth infectionsmay haveimpaired
Thland CTL responsesto HIV-1 vaccines, making these
immunizations less effective in areas endemic for helm-
inths. Indeed, similar effects could be possible for any
vaccine dependent on inducing a Thl response for effi-
cacy that is delivered in countries endemic for parasitic
helminths. We are also pursuing these questions using
non-human primate infection models.

Clearly, additional questions remain with respect to
schistosome and HIV-1 coinfections; principally whether
invitro and animal model observations translate into ex-
acerbating effects on HI V-1 transmission and progression
in human populations. Fortunately, should schistoso-
miasis prove to be detrimental in terms of HIV-1 patho-
genesis or prevention of HIV-1 infection by vaccination,
praziquantel provides a safe, affordable and efficacious
public health intervention to remedy the situation.
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