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Abstract

Purpose of Review The purpose of this review is to discuss the current knowledge of HIV and tissue parasite co-infection in the
context of transmission enhancement, clinical characteristics, treatment, relapse, and clinical outcomes.

Recent Findings The pathophysiology and clinical sequelae of tissue parasites in people living with HIV (PLWH) have been well
described for only a handful of organisms, primarily protozoa such as malaria and leishmaniasis. Available published data
indicate that the interactions between HIV and tissue parasites are highly variable depending on the infecting organism and the
degree of host immunosuppression. Some tissue parasites, such as Schistosoma species, are known to facilitate the transmission
of HIV. Conversely, uncontrolled HIV infection can lead to the earlier and more severe presentation of a variety of tissue parasites
and can make treatment more challenging.

Summary Although much investigation remains to be done to better understand the interactions between consequences of HIV
and tissue parasite co-infection, it is important to disseminate the current knowledge on this topic to health care providers in order
to prevent, treat, and control infections in PLWH.

Keywords Tissue parasite - HIV - AIDS - Infectious diseases - Tropical

Introduction

Parasitic diseases remain a major cause of morbidity and mor-
tality worldwide, particularly in tropical, low-resource re-
gions, which overwhelmingly include communities with high
HIV prevalence. Both intestinal and tissue parasites frequently
cause disease in people living with HIV (PLWH); however, in
this article, we will focus on the parasitic organisms that most
often cause disease by invading host tissues rather than those
that primarily affect only the gastrointestinal tract. In addition,
we will not include those parasitic infections native to the
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USA (e.g., toxoplasmosis) that are commonly seen in
PLWH, as those diseases are reviewed in great detail else-
where. Herein, we will discuss the current knowledge of
HIV and tissue parasite co-infection in the context of transmis-
sion enhancement, clinical characteristics, treatment, relapse,
and clinical outcomes.

Protozoa
Malaria

The co-existence of malaria and HIV, particularly in sub-
Saharan Africa, is a long-standing problem that has caused
significant morbidity and mortality, leading to more than 2
million deaths annually [1]. PLWH have an increased risk of
developing malaria as well as other non-malaria febrile ill-
nesses [2]. The interaction between malaria and HIV leads
to the activation of a complex immunologic cascade followed
by numerous detrimental clinical effects, including decreased
CD4 counts [3, 4], increased HIV viral load [5], and higher
malaria parasitemia [6]. These sequelae in turn are associated
with worse clinical outcomes and increased HIV transmission
[7, 8]. PLWH in areas of stable malaria transmission typically
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have more frequent infections with higher levels of
parasitemia than HIV-negative individuals, while PLWH in
areas of unstable malaria transmission have an increased risk
for severe malaria infection and death. [9]

Malaria treatment failure is more common in PLWH, par-
ticularly those with low CD4 counts. HIV infection has been
known to weaken the efficacy of anti-malarial treatment, in-
crease adverse events, and select for parasites with drug-
resistant mutations [10]. However, due to a paucity of data
on the effect of HIV on malaria treatment, current guidelines
recommend that PLWH should be treated for acute malaria
infection just as their HIV-negative counterparts are, e.g., pri-
marily with artemisinin-based combination therapies (ACTs)
[9]. Particular attention should be focused on potential drug
interactions between anti-retroviral therapy (ART) and anti-
malarials [11]. An excellent resource for evaluating the possi-
bility of any drug interaction with ART is the freely available
web-based Liverpool HIV Drug Interactions tool [12].

Notably, many PLWH receive trimethoprim-
sulfamethoxazole (TMP-SMX) for the prophylaxis of oppor-
tunistic infections, and this drug has been found to at least
partially control malaria parasitemia, even in regions where
malaria parasites have developed resistance to TMP-SMX.
Discontinuing TMP-SMX prophylaxis in patients on ART
has been shown to result in progressive increases in malaria
parasitemia [13]. However, despite this likely benefit of TMP-
SMX, it should not be used as a substitute for malaria treat-
ment or prophylaxis. In addition, TMP-SMX should not be
continued if sulfadoxine-pyrimethamine is chosen for anti-
malarial treatment due to significant risk of adverse drug re-
actions. The World Health Organization (WHO) advises
avoiding the use of several additional drug combinations, in-
cluding the combination of artesunate and amodiaquine in
patients who are being treated with efavirenz or zidovudine,
as together these drugs can lead to significant neutropenia [9].
Hepatotoxicity is also common when efavirenz and
amodiaquine are used concomitantly.

Pregnant women with HIV have an even higher incidence
of malaria [14, 15], particularly in the setting of profound
immunosuppression [16]. Co-infected mothers are more likely
to transmit HIV via the placenta [17, 18], and co-infection
during pregnancy increases the risk of adverse birth outcomes
including intrauterine growth retardation, preterm delivery,
and low birth weight [19]. Chemoprophylaxis for and treat-
ment of malaria has the potential to significantly decrease the
transmission of HIV from mother to child. Currently, the rec-
ommended strategies for the prevention of malaria during
pregnancy include using insecticide-treated bed nets and in-
termittent preventive treatment (IPTp) [9]. Both sulfadoxine-
pyrimethamine and mefloquine are considered appropriate
choices for IPTp in pregnant women with HIV [20].
However, just as in any PLWH, the WHO recommends
avoiding the use of IPTp with sulfadoxine-pyrimethamine in
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pregnant women with HIV who are also taking TMP-SMX for
opportunistic infection chemoprophylaxis, due to the risk of
adverse drug reactions. Regarding the use of mefloquine for
[PTp, monthly mefloquine in addition to daily TMP-SMX
was shown to reduce the risks of clinical malaria, malaria
infection at delivery, and hospital admissions; however, it
has been associated with increased maternal HIV viral load
and mother-to-child transmission of HIV [21]. ACTs are ef-
fective for the treatment of malaria in pregnancy [22, 23], but
there are limited data on their use in pregnant women living
with HIV. The ACT dihydroartemisinin-piperaquine (DP) is
currently recommended by the WHO for treatment of malaria
in the second and third trimesters and is an especially attrac-
tive option for malaria prevention because it has a prolonged
post-treatment prophylactic effect [24]. Several studies in
HIV-negative pregnant women have shown that IPTp with
DP is associated with a lower burden of malaria as compared
with IPTp with sulfadoxine-pyrimethamine [25, 26]. These
findings can likely be extrapolated to pregnant women with
HIV, although, importantly, for pregnant women with HIV on
TMP-SMX for opportunistic chemoprophylaxis, adding
monthly DP to daily TMP-SMX has not been shown to reduce
the risk of placental or maternal malaria or improve birth out-
comes [27].

Finally, regarding PLWH who are planning travel to a
malaria-endemic area, choice of malaria chemoprophylaxis
should be based on avoiding significant drug interactions with
the individual’s ART as well as the malaria drug resistance
patterns in the country to which travel is planned.

Leishmaniasis

Leishmaniasis is a disease caused by a group of protozoa in
the Leishmania genus that are traditionally transmitted by the
bite of the sand fly [28], although these protozoa can also be
transmitted via less common means such as blood transfusion
and injection drug use (IDU). There are three standard classi-
fications of leishmaniasis: cutaneous, mucocutaneous, and
visceral (VL, also known as “kala-azar”). Cutaneous and mu-
cocutaneous manifestations of the disease are more prevalent
in Latin America than Asia and Africa. In contrast, VL is
uncommon in Latin America (with the exception of Brazil)
and very common in Asia and Africa. In practice, leishmani-
asis encompasses a spectrum of diseases ranging from mild
cutaneous ulcers that may not require treatment to wide-
spread, mortal infections. The type and severity of leishman-
iasis is determined by the species of Leishmania infecting the
host; however, the strength of the host’s immune system also
plays a significant role in modulating the severity and duration
of the disease. PLWH in endemic areas are at high risk of
exposure to leishmaniasis, and in some countries up to 20%
of individuals with VL are co-infected with HIV [29].
Mortality and relapse rates associated with leishmaniasis
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remain elevated in co-infected individuals even in the ART
era, likely because leishmaniasis affects the host’s immune
system in several different ways. For instance, one of the
major surface molecules of Leishmania species is associated
with upregulation of HIV replication in host immune cells,
including monocytes and CD4 cells [30]. This in turn causes
CD4 depression, which provides an ideal environment for
primary infection with Leishmania or for reactivation of latent
infection [31, 32].

Diagnosis of VL can be challenging in PLWH, and one of
the reasons for this is that PLWH are less likely to present with
symptoms typical of VL; only about 50% of co-infected indi-
viduals present with fever, splenomegaly, and hepatomegaly
[32-34]. PLWH, particularly those with low CD4 counts, are
more likely to have disseminated disease, and it is not uncom-
mon to find unusual niduses of parasite multiplication in their
gastrointestinal, respiratory, and central nervous systems [31,
33, 34]. Further confounding the diagnosis of VL in PLWH is
that the humoral response to leishmaniasis is blunted in PLWH
[35]. However, diagnosis via blood smear is often easier in
PLWH than in their HIV-negative counterparts because dissem-
inated disease is more common in PLWH [32, 36]. In practice,
confirmation of the presence of parasites via spleen or bone
marrow aspiration is still typically done in low-resource com-
munities [29]. Although not often used in the clinical setting in
leishmaniasis-endemic regions due to cost, PCR tests using
whole blood can detect Leishmania in nearly 100% of co-
infected patients [37, 38]. Rapid tests using finger prick blood
samples to detect VL do exist but to date have been shown to
have only moderate sensitivity; they may have some utility in
treatment monitoring of co-infected patients [39].

Treatment for the various forms of leishmaniasis is usually
guided by the species of the infecting organism and will not be
discussed in detail here. However, regarding treatment of VL
in PLWH, historically, co-infected individuals have been treat-
ed with pentavalent antimony plus paromomycin, or
amphotericin B preparations [32, 36, 40]. It is important to
note that leishmaniasis treatment side effects are more fre-
quent and severe in PLWH, especially when they are treated
with pentavalent antimony [33, 41]. The World Health
Organization (WHO) now recommends monotherapy with
liposomal amphotericin B when available. Toxicity of treat-
ment is lower with liposomal amphotericin B for both PLWH
and HIV-negative individuals [40]. A recent Ethiopian study
evaluated the effectiveness of combination liposomal
amphotericin B (total cumulative dose of 30 mg/kg) and oral
miltefosine (100 mg/day for 28 days) to treat VL in PLWH
and found promising results that support this regimen’s use as
first line therapy for co-infected patients [42].

The availability of ART has reduced VL incidence [43], al-
though PLWH treated for VL continue to have higher initial
treatment failure and subsequent relapse rates than their HIV-
negative counterparts, particularly if their initial parasite load

was high [44]. Supplementing ART with secondary
antileishmanial prophylaxis has been shown to only achieve
partial protection against relapses [45—47]. For instance, one
study evaluated giving monthly intravenous pentamidine as sec-
ondary prophylaxis in PLWH for 12 months after their initial VL
treatment and found that more than a third of patients relapsed
within 2 years. Predictably, relapse rates were highest for those
with a low baseline CD4 counts and a history of VL relapse.
Importantly, patients with CD4 counts of more than 200 cells/
mm® had no relapses 1 year after stopping pentamidine [48].
Other studies have supported the use of monthly liposomal
amphotericin B (3 mg/kg/day every 21 days) as secondary pro-
phylaxis to decrease relapse rates in co-infected patients [47].

African Trypanosomiasis (Sleeping Sickness)

Human African trypanosomiasis (HAT) is a disease of the
nervous system that, in humans, is caused by two protozoa
(Trypanosoma brucei [T. b.] gambiense and T. b. rhodesiense)
transmitted by the tsetse fly (Glossinia genus). It occurs only
in Africa and consists of two stages. In the first stage, the
patient experiences fevers, headaches, arthralgias, and itching
as the protozoa multiplies in subcutaneous tissues. This is
followed by the second stage as the protozoa cross the
blood-brain barrier and cause sleep cycle disturbances as well
as other neurologic sequelae including behavior changes, con-
fusion, sensory disturbances, and disequilibrium. Without
treatment (ideally during the first stage), HAT is considered
nearly uniformly fatal. Although HIV has diffused into HAT-
endemic regions over the last several decades, most epidemi-
ologic studies have shown no significant influence of the HIV
epidemic on HAT prevalence [49-51]. Other than their over-
lapping epidemiology, the relationship between HIV and HAT
has not been well studied, even though interaction between the
two diseases is physiologically reasonable given the impor-
tance of cell-mediated immunity in the host response to HAT.

Treatment for HAT traditionally has been unsatisfying in
all populations; however, the development of new drugs for
this disease promises to make treatment easier and more ef-
fective [52]. At this time, PLWH are treated just as their HIV-
negative counterparts are, although the few studies that have
been done indicate that PLWH are more likely to relapse after
treatment with eflornithine [53] and have significantly worse
outcomes after treatment with melarsoprol [54]. Additional
studies are needed to determine the best treatment strategies
for co-infected patients, especially as the WHO works to erad-
icate HAT in the near future.

American Trypanosomiasis (Chagas Disease)
Trypanosoma cruzi is the protozoan etiologic agent of Chagas

disease. Chagas disease is found only in Latin America and is
traditionally transmitted to humans via the fecal matter of its
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triatomine vector, although less frequently transmission by other
means has been identified, such as by blood transfusion and
organ donation or from mother to child via the placenta.
1. cruzi infection is characterized by a short acute phase with
high parasitemia followed by an asymptomatic chronic phase
with low parasitemia. Decades after initial infection more than
a third of individuals chronically infected with 7. cruzi will de-
velop either cardiomyopathy or typical GI manifestations such as
mega colon and mega esophagus. Although the vast majority of
chronically infected individuals are asymptomatic until these
later sequelae develop, if the chronically infected individual be-
comes immunosuppressed, the parasite may reactivate, leading
to high levels of parasitemia that can cause severe acute disease
including meningoencephalitis and myocarditis [55, 56].

The interaction of HIV and 7. cruzi has been extensively
studied in endemic regions, particularly in Brazil, where
T cruzi reactivation has been recognized as a significant
AIDS-associated opportunistic infection and is thought to oc-
cur in about 40% of co-infected individuals [57]. Although
T. cruzi reactivation is most often diagnosed in individuals
with CD4 counts less than 200 cells/mm?>, it has also been
described in PLWH who have higher CD4 counts [58]. For
unclear reasons, 7. cruzi seems to particularly affect the central
nervous system in PLWH [59-61], resulting in devastating
consequences including acute fatal meningoencephalitis and
granulomatous encephalitis [62—64]. Diagnosis of 7. cruzi in-
fection is traditionally confirmed by serologic tests, but in
PLWH false-negative serologic tests commonly occur [57],
likely due to their impaired ability to produce an adequate
humoral response. Thus, suspicion for the disease must be
higher in PLWH from endemic areas presenting with appro-
priate clinical findings. In these patients, 7T cruzi is often found
by tissue diagnosis, including cerebrospinal fluid examina-
tion. A rapid test that uses nanoparticles to quantify 7. cruzi
antigen in the urine is being developed for use as a correlate of
T’ cruzi parasitemia in co-infected patients [65].

Due to the possibility of severe complications resulting in
high mortality, treatment with benznidazole should be started
as soon as possible in co-infected individuals, even when pa-
tients are asymptomatic [57, 66]. Furthermore, some experts
recommend monitoring for parasitemia via blood smear and/
or PCR in PLWH known to be at risk for reactivation and who
have CD4 counts less than 200 cells/mm? or uncontrolled HIV
viral loads [57]. At this time, secondary prophylaxis for these
patients is not recommended due to the significant side effects
of the few available drugs with efficacy against 7. cruzi. The
role of immune reconstitution syndrome (IRIS) in exacerba-
tion of 7. cruzi disease has not been well characterized as of
yet but is possible [67], thus PLWH from endemic areas
should be evaluated for 7' cruzi infection and treatment with
benznidazole should be started prior to starting ART. PLWH
should be closely monitored for symptoms characteristic of
increased 7. cruzi parasitemia after starting ART [65].
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Treatment of co-infected women of childbearing age is doubly
important as the rate of transmission of 7. cruzi to fetuses via
the placenta is likely higher in co-infected mothers, although,
interestingly, in vivo studies of 7. cruzi-infected placental cells
has shown impaired HIV-1 replication in these cells [68], and
pregnant women found to be 7. cruzi positive cannot be treat-
ed until after delivery due to the toxic effects of benznidazole
and nifurtimox on the fetus [69]. There remain many issues
regarding 7. cruzi infection in PLWH that would benefit from
further study, including the specific host characteristics and
physiologic mechanisms that lead to parasite reactivation
and placental transmission, the effect of HIV control (or lack
thereof) and starting ART on the likelihood of 7. cruzi reacti-
vation, and interactions between ART and drugs used for
T cruzi treatment, including new agents that are currently
under development.

Nematodes (Roundworms)—Filaria
Onchocerciasis (River Blindness)

Onchocerciasis is caused by Oncocerca volvulus, a filarial
nematode transmitted to humans via the bite of the blackfly
(Simulium species). It primarily occurs in West Africa, al-
though small foci of disease are found in parts of Brazil,
Venezuela, and Yemen. Migration of O. volvulus microfilariae
to various host tissues causes a range of symptoms including
severe itching and skin disfiguration, but most significantly it
often leads to visual impairment and permanent blindness.
HIV infection is common in the countries where
O. volvulus is endemic, although the prevalence of onchocer-
ciasis in PLWH does not seem to differ from that of HIV-
negative individuals [70]. Little data has been collected de-
scribing the relationship between the two diseases. Regarding
immunologic response to infection, PLWH have both im-
paired humoral responses to O. volvulus antigens [71] and
decreased cellular immune responses when compared with
HIV-negative individuals with O. volvulus infection [72]. In
one case-control study of co-infected patients in Uganda,
microfilariae density was found to be lower in PLWH as com-
pared with HIV-negative individuals [70]. Even with lower
levels of circulating microfilariae, skin disease caused by
O. volvulus seems to be more severe in PLWH [73].
Diagnosis of O. volvulus infection is the same in PLWH as
in HIV-negative individuals. The organism is typically identi-
fied via microscopy of skin snips in conjunction with exami-
nation of a timed blood smear to identify other filarial para-
sites that may be co-endemic. Treatment is also the same for
PLWH and HIV-negative individuals. Ivermectin (150 mcg/kg
orally) has been shown efficacious in co-infected patients
[70], and mass treatment with ivermectin in areas with high
prevalence of co-infection is safe [74]. Further investigation
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will be necessary to elucidate the effect of these findings on
O. volvulus transmission rates, disease progression, and the
effect of therapy in co-infected individuals.

Loiasis (African Eye Worm)

Loa loa is another filarial nematode found primarily in
Africa’s rain forests. It is transmitted to humans via the deerfly
(Chrysops species) and can cause a spectrum of disease rang-
ing from no symptoms to nodular skin lesions to eye disease
and, less commonly, pulmonary manifestations. The common
name for this parasite, “African Eye Worm,” developed be-
cause of the pathognomonic clinical presentation that occurs
when the adult worm becomes visible as it passes under the
patient’s conjunctiva.

Both HIV and L. loa are highly endemic in Central and West
Africa. Although little data has been published on this co-infec-
tion, HIV is generally thought to increase the severity of L. loa
infection. One study suggested that immune regulation of L. loa
infection is weakened in the setting of HIV co-infection by
showing that plasma levels of L. loa-specific 1gG3 and IgG4
antibodies are decreased in PLWH [75]. Treatment of PLWH
with both ART and sulfamethoxazole-trimethoprim was shown
to decrease the risk of L. loa infection in one study [76], sug-
gesting that improvement in the robustness of the immune re-
sponse and/or prophylaxis with anti-folate medications in en-
demic regions may prevent L. loa infection.

The diagnosis and treatment of L. loa can be challenging
and has not been well studied in PLWH. When characteristic
eye or skin manifestations are present, L. loa is usually iden-
tified macroscopically once it has been removed from the eye
or from skin snips. Otherwise the diagnosis is typically made
by daytime blood smear or L. loa serologic tests, although
false negatives can occur in patients with low numbers of
circulating microfilariae or decreased ability to produce a hu-
moral response, as is characteristic of PLWH [75]. The deci-
sion to treat a patient infected with L. loa should be undertaken
with care as significant side effects can occur in patients with
high microfilariae burdens. The treatment of choice in endem-
ic regions is diethylcarbamazine (DEC), which kills both the
microfilariae and adult worms. Albendazole is often used in
individuals who are not cured after multiple DEC administra-
tions. It is unclear whether PLWH respond differently to tra-
ditional treatment than their HIV-negative counterparts.

Lymphatic Filariasis

Wuchereria bancroffi and Brugia malayi are the two mosquito-
borne species of filaria that most often cause lymphatic filariasis,
which is commonly known by many other names including
“elephantiasis.” These filaria preferentially affect the host’s lym-
phatic system and infection can result in the pathologic enlarge-
ment of one or more gravity-dependent appendages (typically

the legs). As with the other filarial diseases mentioned previous-
ly, regions where lymphatic filariasis is endemic often overlap
with those of high HIV prevalence [77], and there is a paucity of
data describing the effect of HIV infection on patients with lym-
phatic filariasis. Although one in vitro study found that HIV
replication was significantly increased in the peripheral blood
mononuclear cells of patients with untreated lymphatic filariasis
[78], most studies had not found evidence for an interaction
between HIV and W. bancrofti that altered the clinical course
of either infection [79—81]. A more recent prospective observa-
tional study in Tanzania is the largest to date to study lymphatic
filariasis in PLWH. Although the prevalence of lymphatic filari-
asis was similar in PLWH and their HIV-negative counterparts in
this study, the authors found that individuals with lymphatic
filariasis were much more likely to acquire HIV than those
who did not have lymphatic filariasis [82]. In addition, they
demonstrated a reduction in the prevalence of lymphatic filariasis
as well as microfilariae burden in the study cohort after 2 years of
mass drug treatment using albendazole and ivermectin. Mass
drug administration was more effective in PLWH than in HIV-
negative participants indicating that co-infection did not impair
effectiveness of anti-filarial therapy [83].

Cestodes (Flatworms)—Taenia solium
and Neurocysticercosis

The pork tapeworm, Taenia solium, is commonly found in trop-
ical regions of the world. T solium causes two different clinical
entities in humans: intestinal taeniasis (adult worm dwelling in
the gut) and cysticercosis (tissue invasion by the larval stage of
the parasite). Cysticercosis occurs when the host unintentionally
ingests embryonated 7° solium eggs. Once in the host’s gastro-
intestinal tract, the 7. solium eggs develop into oncospheres that
can penetrate the intestinal wall and travel to skeletal and heart
muscles, and also the brain (neurocysticercosis). The clinical
presentation of neurocysticercosis depends on the location of
the cysts and host immune response. While some patients are
asymptomatic at the time of diagnosis, those with symptoms
typically present with headaches, seizures, and localized neuro-
logic deficits.

The degree to which cysticercosis occurs in PLWH remains
unclear. Even in countries where the prevalence of both dis-
eases is high, there have been few reports of PLWH presenting
with neurocysticercosis [84]. One Mexican study indicated
that neurocysticercosis diagnosed by autopsy was actually less
common in PLWH than in HIV-negative individuals [85]. It is
possible that neurocysticercosis is underdiagnosed in PLWH
as the less robust inflammatory response seen in PLWH with
low CD4 counts may result in less manifestation of symptoms.
PLWH with lower CD4 counts have been noted to present
either asymptomatically or atypically (e.g., with giant and
racemose cysts or with meningoencephalitis) [86—88].
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Diagnosis of neurocysticercosis can be challenging in PLWH
because of the multiple alternative etiologies of ring-enhancing
brain lesions, including central nervous system (CNS) toxoplas-
mosis and CNS lymphoma. However, if such a patient is from a
T solium-endemic region and does not respond to 2 weeks of
appropriate anti-7oxoplasmosis therapy, then empiric treatment
for neurocysticercosis is usually warranted prior to resorting to
brain biopsy [84, 87]. Treatment recommendations for
neurocysticercosis do not differ for PLWH [89], although the
pros and cons of starting ART in the setting of neurocysticercosis
have not been well studied. At least one case report suggests that
initiation of ART may result in activation of latent
neurocysticercosis in the context of IRIS [90].

Trematodes (Flukes)—Schistosomiasis

Schistosomiasis is a parasitic disease that can be found in many
tropical and subtropical regions, although it is most commonly
seen in Africa and the Middle East. Human schistosomiasis is
caused by five Schistosoma species: Schistosoma mansoni,
S. haematobium, S. japonicum, S. intercalatum, and
S. mekongi. These organisms have complex life cycles that gen-
erally require the participation of freshwater snails. Human hosts
are typically infected when they come into contact with fresh-
water containing Schistosoma cercariae, which are able to pen-
etrate the host’s skin and travel to the pelvic or gastrointestinal
organs. Once there, adult Schistosoma worms lay hundreds of
eggs daily that can cause inflammation as well as mucosal tears.
Intestinal schistosomiasis, most often caused by S. mansoni and
S. japonicum, can cause abdominal pain, diarrhea, and blood in
the stool, followed by longer-term consequences such as ane-
mia, hepatosplenomegaly, periportal fibrosis, and cirrhosis if
untreated. Urogenital schistosomiasis, most often caused by
S. haematobium, usually first manifests as hematuria, vaginal
bleeding, and genital lesions. If untreated, the tissue inflamma-
tion caused by Schistosoma infection may lead to damage to the
kidney, ureter, bladder, or prostate, and even bladder cancer and
infertility in some cases.

The mucosal changes caused by Schistosoma infection are
thought to increase the susceptibility of women and men who
have sex with men to HIV infection [91, 92]. Indeed, several
studies have shown not only that the prevalence of HIV is
higher in Schistosoma-infected women [93, 94] but also that
Schistosoma infection increases the likelihood of HIV acquisi-
tion in this population [95, 96]. A similar mechanism may make
co-infected men more likely to acquire and transmit HIV. One
study out of Madagascar demonstrated that men infected with
S. haematobium had increased prostate and seminal vesicle
inflammation, which could result in increased viral shedding
into their semen [97]. PLWH, particularly those with lower
CD#4 counts, are probably also at higher risk for Schistosoma
reinfection than their HIV-negative counterparts [98].
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Diagnosis of schistosomiasis is more challenging in
PLWH. Traditionally, the diagnosis is made by microscopic
evaluation for Schistosoma eggs in urine or stool specimens.
However, PLWH co-infected with Schistosoma seem to ex-
crete fewer eggs and less blood into the urine/stool than their
HIV-negative counterparts [99, 100]. Thus, PLWH from a
schistosomiasis-endemic area presenting with suggestive
symptoms should be treated empirically even if testing is neg-
ative. This is particularly important as Schistosoma treatment
decreases the patient’s likelihood of HIV transmission [96]
and contributes to both decreased HIV viral load and in-
creased CD4 count [101]. Praziquantel, the drug of choice
for schistosomiasis, is effective in patients with S. mansoni
or S. haematobium-HIV co-infection [100, 102].

Conclusions

As the HIV epidemic encompasses much of the tropical and
subtropical world where parasitic infections are common, it is
important to understand the impact and sequelae of co-infec-
tions. The interactions between HIV and tissue parasites are
quite variable depending on the infecting organism and the
degree of host immunosuppression. Some tissue parasites,
such as Schistosoma species, are well known to facilitate the
transmission of HIV. Conversely, uncontrolled HIV infection
can lead to the earlier and more severe presentation of a vari-
ety of tissue parasites and can make treatment more challeng-
ing. A working knowledge of the epidemiology, pathophysi-
ology, and diagnosis and treatment strategies for parasitic co-
infections in PLWH may help to prevent and control these
potentially devastating diseases.
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