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Abstract. Schistosomiasis is an acute and chronic parasitic disease caused by blood flukes of the genus Schisto-
soma. More than 220 million people worldwide were estimated to have active schistosomiasis in 2017, 90% of whom live
on the African continent, but only 102 million were reported to have received treatment. Africa is also disproportionately
burdened by HIV, with an estimated 26 million people living with HIV in 2017. Given these overlapping epidemics, we
conducted a systematic review to ascertain the contribution of schistosomes to HIV acquisition risk, the contribution of
HIV to schistosome acquisition, the impact of HIV on schistosomiasis-related morbidity, the impact of schistosomes on
HIV disease progression and immune response, the impact of HIV on the efficacy of praziquantel treatment, and the
impact of HIV on egg shedding. We reviewed studies of people living in sub-Saharan Africa coinfected with HIV and
Schistosoma spp. between January 1996 and July 2018. We found that 1) infection with Schistosoma haematobium
increases the risk of HIV acquisition, 2) there is currently a lack of data on whether HIV infection increases the risk of
Schistosoma acquisition, 3a) HIV coinfection was not an accelerating factor for adverse Schistosoma outcomes, 3b)
schistosomiasis may be an important contributor to immune activation in HIV coinfected people, 4) praziquantel use in
coinfected people may improve immune reconstitution on antiretroviral therapy for HIV, and 5) there is evidence that HIV

infection reduces egg excretion in individuals infected with Schistosoma mansoni.

INTRODUCTION

Rationale. In 2017, more than 36 million people were living
with HIV worldwide and 1.8 million more were newly in-
fected.! Sub-Saharan Africa is disproportionally burdened
by the HIV epidemic, with 25.7 million people living with HIV
(70% of total cases). Of the 1.8 million new HIV infections,
approximately 1.2 million (68%) occurred in sub-Saharan
Africa.’ Sub-Saharan Africa is also home to more than 90%
of the world’s cases of schistosomiasis,? an acute and
chronic parasitic disease caused by blood flukes (trematode
wormes) of the genus Schistosoma. Estimates show that more
than 220 million people required treatment for schistosomi-
asis, of which 102 million were reported to have received
treatment.?

This review focuses on the interactions of HIV infection and
two species of schistosomes: Schistosoma haematobium and
Schistosoma mansoni. Schistosoma haematobium adult
worms live mainly in the venous plexus surrounding the
bladder and genital tissue, depositing eggs, infecting the uri-
nary tract, and causing urogenital schistosomiasis. Schisto-
soma mansoni causes schistosomiasis of the intestine and
portal veins. Eggs of S. mansoni become embedded in the
vessels of the liver, large intestine, and rectum, but rarely
cause genital lesions.® Accumulation of eggs in the splanchnic
veins can lead to periportal fibrosis (PPF), which contributes to
portal hypertension and esophageal varices. The geographic
overlap of schistosomiasis and HIV epidemics in sub-Saharan
Africa has led to a substantial burden of coinfection in the
region, leading to potential consequences in host immune
response and health outcomes related to both the viral and
parasitic pathogens.
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Objectives. We reviewed published studies from sub-
Saharan Africa on people coinfected, or at risk of coin-
fection, with HIV and Schistosoma spp. (S. haematobium or
S. mansoni). We conducted a systematic review to ascertain
1) the effects of schistosomes on the risk of HIV acquisition; 2)
the effects of HIV on the risk of schistosome acquisition; 3) the
effects of comorbidity, broken down into a) the impact of HIV
on schistosome morbidity and b) the impact of schistosomes
on HIV disease progression and immune response; 4) the ef-
fects of HIV on the efficacy of praziquantel treatment and the
impact of schistosomes on antiretroviral therapy with regard
to immune reconstitution; and 5) the effect of HIV on egg
shedding.

METHODS

Protocol and registration. We did not register a protocol
for this review.

Eligibility criteria. We reviewed studies that assessed
people living in sub-Saharan Africa coinfected with HIV and
Schistosoma spp. (S. haematobium or S. mansoni) between
1996 and July 2018 using Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses guidelines.*

Published articles were included if they contained basic im-
munology research; case-control, cross-sectional, and pro-
spective clinical studies; mathematical models; short reports; or
epidemiological analyses that addressed the contribution of
schistosomiasis to the risk of HIV/AIDS acquisition and vice
versa; the immune response to either the viral or parasitic
condition; and morbidity/mortality. Studies that did not involve
human subjects, were not about HIV/Schistosoma coinfection,
orwere not published in English were excluded from this review.
Studies that reported on schistosome infections in non-African
countries, or those in African immigrants to non-African coun-
tries, or visitors to the African continent who became ill on
returning to their home country were also excluded. The se-
lection process and criteria are shown in Figure 1.
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Records identified through PubMed
database search
(n=373)

Non-English abstracts (n = 7) or mono-
infection only abstracts (n = 222)
excluded (n = 229)

——mMmM»

Records screened
(n=144)

I
No full text available

(n=27)

Possibly relevant papers
(n=117)

Full-text articles excluded, non-
HIV/Schistosome co-infection, or study not
conducted in SSA (n = 64)

—_—

Studies included in systematic review
(n=53)

Ficure 1. Study selection regarding HIV/Schistosoma spp.
coinfection.

Information sources. We performed a PubMed search via
NCBI (https://www.ncbi.nlm.nih.gov/pubmed/) for studies on
HIV and Schistosoma spp. infection.

Search. The search was limited to studies of humans reported
in English. The terms that were used as MeSH terms or direct
keywords for the search were (“schistosomiasis”[MeSH Terms]
odds ratios [OR] “schistosomiasis”[All Fields]) AND (“HIV'[MeSH
Terms] OR “hiv”[All Fields]). We did not include the specific search
terms “AIDS,” “S. haematobium,” or “S. mansoni.” All titles with
abstracts and full text in English were reviewed.

Study selection. Three hundred seventy-three articles were
retrieved from the PubMed search of published articles, of
which 229 were excluded because they were not in English or
the subject pertained to either HIV or schistosome mono-
infection only, 27 had no available full text, and 64 had available
full text but did not address HIV and schistosome coinfection or
the studies were not conducted in sub-Saharan Africa. Fifty-
three studies of HIV/Schistosoma coinfection were identified
and included in the analysis: case—control (7), case study (1),
cross-sectional (20), longitudinal (22), and mathematical model
() (Figure 1).

Data collection process. One reviewer extracted data from
the PubMed search for tabulation and review. The studies
were very heterogenous, and no formal analysis was per-
formed to assess publication bias, but all limitations related to
possible bias are listed in the “Limitations” section of this re-
view. We did not retrieve individual patient data.

Data items. Based on article presentation, “cases” are
defined as HIV-positive (+) and Schistosoma-positive (+) in-
dividuals, that is, H+/S+ coinfected participants. “Controls”
are defined as mono-infected participants—those infected
with either HIV or schistosomes but not both, that is, HIV
negative (-)/Schistosoma positive (+) (H-/S+), or HIV positive
(+)/Schistosoma negative (-) (H+/S-). Data extracted from the
study articles (as available) included country; year; gender;
age; HIV infection status; use of antiretroviral therapy; use of
the anti-helminthic drug praziquantel; measurements of cir-
culating cathodic antigen (CCA) or circulating anodic antigen
(CAA) in urine to identify active infection with adult worms and
as a proxy for worm burden; Kato—-Katz assay results; mea-
surements of CC chemokine receptor type 5, also known as
CCR5 or CD195, and CXC chemokine receptor type 4

(CXCR4), also known as fusin or CD184, proteins on the sur-
face of white blood cells that serve as the main receptor and
entry point for HIV; host immune response and granuloma
formation; CD4* T cells, soluble CD8* T cells, assessments of
CD4* Th1 and Th2 cellular responses; measurements of
plasma- or serum-soluble interleukin (IL)-4, IL-6, and IL-10;
measurements of HIV-1 RNA or plasma viremia quantification
(quantifiable = 20 copies/mL; detectable but not quantifiable
<20 copies/mL; or not detectable); and hepaticimaging for the
presence of PPF. Mortality was recorded when appropriate.

Summary measures. We included previously calculated
and reported risk ratios and ORs and their 95% Cls, and
available ORs for HIV acquisition in the context of current
schistosomiasis infection were averaged to create a com-
posite OR. All reported P-values of < 0.05 were considered
statistically significant.

RESULTS

Fifty-three reports from 1996 to July 2018 were identified
from Ethiopia (2), Kenya (9), Madagascar (1), Nigeria (1), South
Africa (3), Tanzania (9), Uganda (9), Zambia (2), Zimbabwe (8),
and incorporating data from multiple countries in sub-Saharan
Africa (9). Three studies compared schistosomiasis with soil-
transmitted helminths (STHs): Ascaris lumbricoides, hook-
worm, Trichuris trichiura, Trichostrongylus, and Strongyloides
stercoralis.>~” Two studies included children and adolescents
only®®; four reviewed schistosome eggs and viral shedding in
the semen and included males only.'®' Five articles assessed
female genital schistosomiasis (FGS) and included women
only,'*'® whereas all other articles included male and female
adults defined as 18 years and older.

Effects of schistosomiasis on HIV acquisition. Table 1
describes eleven studies that were published from 2003 to
2017, including studies from Kenya (1), Madagascar (1), South
Africa (1), Tanzania (3), Uganda (1), Zimbabwe (3), and broadly
sub-Saharan Africa (1). One study, which involved men only,
suggested that male urogenital schistosomiasis might con-
stitute a risk factor for HIV transmission, as a result of
egg-induced inflammation in the semen-producing pelvic or-
gans."" A 2006 study examined the association between FGS
and HIV in rural Zimbabwe and included women only'®; and a
2014 study from South Africa defined “cases” as women with
FGS and “controls” as FGS-negative (FGS-) women'® to
determine HIV risk. The remaining eight studies included both
male and female adults. The average number of participants
from the eleven studies was 627, and the average number of
cases (H+/S+) was 110. All the articles concerned S. mansoni
infection, or S. haematobium, or both. Schistosoma haema-
tobium appeared to have greater risk of HIV transmission as
these eggs embed in the venous plexus and mucosa of the
genital tract (average OR = 4.0).

Key findings from five studies provide strong evidence that
there is increased risk of HIV acquisition in people infected
with schistosomes (Table 1). The mechanism of this increased
risk may include increased density of CCR5 and CXCR4 re-
ceptors on CD4 cells,'®"'®"® and S. haematobium egg ex-
cretion in semen is associated with the transmission of
sexually transmitted infections.! In addition, it can cause
genital lesions in women from eggs embedding in the cervical
mucosa, and it may increase the risk for sexually transmitted
infections, including HIV.?
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TaBLE 1

Risk of HIV acquisition in current schistosomiasis infection

Author and year of Country [reference

Helminth species

Study design and participants

Major findings

publication number]

Risk of HIV infection

Downs et al., 2012 Tanzania [14]

Kjetland et al., 2006 Zimbabwe [15]

Downs et al., 2017 Tanzania [29]

Ssetaalaetal., 2015 Uganda [30]

Ndhlovu et al., 2007 Zimbabwe [31]
Immunological mechanisms

Midzi et al., 2017 Zimbabwe [10]

Leutscher et al.,
2005

Madagascar [11]

Kleppa et al., 2014 South Africa [18]

Secor et al., 2003 Kenya [19]

Mathematical models
Mbah et al., 2014 Sub-Saharan
Africa [32]

Secor et al., 2012 Tanzania [33]

S. mansoni

S. haematobium

Schistosoma
(species not
specified)

S. mansoni

S. haematobium

S. haematobium

S. haematobium

S. haematobium

S. mansoni

S. haematobium

S. haematobium

Cross-sectional (n = 345),
cases = 185

Cross-sectional (n = 479),

cases =134

Case—control (n = 338),
cases =73

Case—control (n = 200),
cases =50

Cross-sectional (n = 544)

Observational (n = 2,825)

Cross-sectional (n = 240)

Case-control (n = 39),

cases = 14

Cross-sectional (n = 42)

Mathematical model

Mathematical model

HIV prevalence was higher among women
with more intense schistosome infections
(P = 0.005), and the median schistosome
intensity was higher in HIV-infected than
HIV-uninfected women (400 vs. 15 per g
circulating anodic antigen/mL, P = 0.01).

S. haematobium infection of the genital
mucosa was significantly associated with
HIV seropositivity (adjusted odds ratios,
2.9;95% Cl: 1.11-7.5; P = 0.030).

Women with schistosome infections had
higher odds of HIV-1 acquisition than
those without (adjusted odds ratios = 2.8
[1.2-6.6], P =0.019).

Not having taken praziquantel in the last 2
years was associated with HIV
acquisition.

Women with urinary schistosomiasis had a
higher HIV prevalence (33.3%) than
women without urinary schistosomiasis
(HIV prevalence of 25.6%, P = 0.053).

Individuals with S. haematobium were found
with higher cell surface densities of CCR5
and CXCR4 receptors on CD4* T cells
and monocytes in peripheral blood, which
made them more susceptible to HIV
infection.

S. haematobium egg excretion in semen
was associated with the presence of
neutrophil, lymphocyte, and eosinophil
leukocytes that contribute to the
transmission of sexually transmitted
infections (Chlamydlia trachomatis,

P <0.05).

CD4* T cells expressing CCR5 were more
frequent in FGS—-positives than
FGS-negatives (median 4.7% (IQR
1.7-8.1) vs. 1.5% (IQR 0.6-3.4),
respectively, P = 0.018), with blood
samples showing that the level of CCR5
expression on CD4™ cells decreased
significantly after treatment (median 3.4%
(IQR 1.8-7.2) vs. 0.5% (IQR 0.4-1.8)
respectively, P = 0.036).

Patients with active schistosomiasis
displayed higher cell surface densities of
chemokine receptors CCR5 and CXCR4
than did cured schistosomiasis patients.

Twenty years of intervention, treatment with
praziquantel annually, would reduce HIV
incidence by 15%.

Schistosoma haematobium plays a greater
role for increased susceptibility and
transmission of HIV because of its
association with urogenital disease.

FGS = female genital schistosomiasis; S. haematobium = Schistosoma haematobium; S. mansoni = Schistosoma mansoni.

Effects of HIV on Schistosoma spp. acquisition. We found
three studies that investigated the risk of Schistosoma spp. ac-
quisition as a direct result of HIV infection. In one study, male gender
was associated with 2.6-fold greater odds of S. mansoni in-
fection,2 but there was no evidence of an effect of HIV infection on
the risk of acquiring schistosomiasis as assessed by Kato—-Katz or
urine CCA. The same study did not find an association between

S. mansoni infection intensity and HIV infection status as assessed
by adjusted odds ratio (aOR) of Kato—Katz (aOR = 1.04; 95%
Cl: 0.74-1.47, P = 0.81) or urine CCA (aOR = 1.53; 95% CI:
0.78-3.00, P = 0.19).2° In the second study, elevated per-
centages of circulating eosinophils were associated with
resistance to reinfection by S. mansoni in HIV-negative
people. However, among those with HIV, low CD4* T-cell
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counts were associated with a less intense eosinophilia and
an increased risk of S. mansoni reinfection. '8!

Effects of comorbidity. Table 2 summarizes 1) the impact
of HIV on schistosomiasis-related morbidity in the coinfected
and 2) the impact of schistosomes on HIV morbidity in the
coinfected population. Seven articles report progression to
PPF, liver damage, anemia, and further immunosuppression
as a consequence of HIV/Schistosoma coinfection. All studies
included male and female adults with concurrent HIV and
S. mansoni infection (cases); the average number of partici-
pants was 449, and the average number of cases was 97.

Impact of HIV on schistosomiasis-related morbidity. Key
findings suggest that there is little evidence that HIV increased
rates of progression to portal vein fibrosis. The risk of mor-
bidity remains high as schistosome infection in childhood in-
creases the risk for infection in adulthood.® Male gender, age
21-30 years, and more than 10 years of continuous residence
in an endemic area are all factors that increase the risk of
developing PPF in HIV/Schistosoma coinfected individuals,
just as they are in those who are schistosome mono-
infected,?® suggesting that HIV has no significant effect.
Coinfection was associated with the development of PPF;
however, coinfection was not an accelerating factor for

adverse outcomes such as anemia, hepatotoxicity, PPF, in-
crease in the portal vein diameter, varices, or reinfection.?®

Impact of schistosomiasis on HIV morbidity. Key findings
suggest that coinfection may be protective against death and
HIV disease progression. One study shows that data on CD4
counts in coinfection are inconsistent,® as are data suggesting
reduced levels of inflammatory markers following treatment. In
two studies, inflammatory biomarkers were significantly ele-
vated in the coinfected compared with HIV mono-infected
people.?* Soluble tumor necrosis factor-RIl and IL-8 were
positively associated with schistosome intensity as measured
by CAA, regardless of HIV status.?® Schistosomes may be an
important contributor to immune activation as evidenced by
sustained decreases in IL-10 in H+/S+ individuals after anti-
retroviral therapy initiation®®; however, it is not clear what the
clinical consequences of this are.

Impact of HIV on praziquantel therapy and the impact of
schistosomes on antiretroviral therapy: Immune reconstitution.
Table 3 describes the nine articles that discuss the effects of
combined anti-schistosomal and antiretroviral treatment
on the improvement of immunological parameters of
coinfection. The articles reviewed were from Ethiopia (1),
Kenya (1), Tanzania (1), Uganda (2), Zimbabwe (2), and broadly

TaBLE 2
Adverse effects of schistosomiasis on morbidity and in HIV-infected adults

Author and year of Country [reference

publication number] Helminth species

Study design and participants

Major findings

Impact of HIV on schistosomiasis infection

Mazigo et al., Tanzania[22] S. mansoni
2015
Ocamaetal.,, Uganda[23] S. mansoni

2017

Impact of schistosomiasis on HIV infection
Mulu et al., Ethiopia [5] A. lumbricoides, hookworm,
2013 T. trichiura, S. mansoni, S.
stercoralis

Brownetal., Uganda [6] A. lumbricoides, hookworm,

2004 T. trichiura, S. mansoni, S.
stercoralis

Obuku et al.,

Uganda [24] S. mansoni

Colombe
etal., 2018

Tanzania [34] Schistosoma (species not

specified)

Mwinzi et al., Kenya [35] S. mansoni

Cross-sectional (n = 299),
cases =206

Longitudinal (n = 220),
cases = 87

Case-control (n = 663),
cases =172

Observational (n = 34),
2016 cases = 18

Longitudinal (n = 172),

cases =43

Case-control (n = 81),
2004 cases =23

Cross-sectional (n =1,671), There was no significant difference in the
cases = 129

prevalence of PPF between coinfected
individuals (n = 129) and those who were not
infected with HIV-1 (n = 118).

Among HIV+ people, 206 (69%) of all
participants had periportal fibrosis; of those,
183 (68%) were positive for S. mansoni.

Of the 93 HIV + participants without PPF, 85
(32%) were positive for S. mansoni.

Helminth-infected individuals had a higher level
of CD8" T cells at baseline (P < 0.001), which
were significantly reduced (P < 0.01) at 12
weeks after anti-helminthic treatment.
Helminths were also found to be associated
with increased HIV RNA but were reduced
after successful treatment.

Helminth infection was not associated with
higher viral load, lower CD4* cell count, or
faster decrease in CD4™ cell count preceding
anti-helminthic therapy.

Plasma viral load and CD4 count were similar
between HIV+ SM+ and HIV+ SM-
individuals. The frequency of HIV-specific
IFN-y+IL-2-TNF-a- CD8 T cells and IFN-y+IL-
2-TNF-o+ CD4 T cells was significantly
higher in HIV/S. mansoni coinfected
individuals than in HIV mono-infected
individuals.

There was an 82% reduction in the risk of
reaching CD4 counts of < 350 and/or death in
HIV/Schistosoma coinfected compared with
HIV mono-infected patients, suggesting that
schistosomes may confer a protective effect.

Those with HIV+/Sm+ coinfection and their
HIV-/Sm+ mono-infected counterparts with
fibrosis both demonstrated reduced CD4*
T-cell counts.

PPF = periportal fibrosis; S. haematobium = Schistosoma haematobium; S. mansoni = Schistosoma mansoni.
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Efficacy of praziquantel and/or antiretroviral therapy on immune reconstitution
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Country [reference

Author and year of publication number] Helminth species

Study design and participants

Major findings

Praziquantel treatment

Mulu et al., 2013 Ethiopia [5] A. lumbricoides, hookworm,
T. trichiura, S. mansoni,
S. stercoralis

Brown et al., 2004  Uganda [6] A. lumbricoides, hookworm,

T. trichiura, S. mansoni, S.
stercoralis
Walson et al., 2008 Sub-Saharan
Africa [7]

A. lumbricoides, hookworm,
T. trichiura,
Trichostrongylus,
Schistosoma spp., S.
stercoralis

Midzi et al., 2017

Zimbabwe [10] S. haematobium

Secor et al., 2003 Kenya [19] S. mansoni

Sub-Saharan
Africa [26]

Mushayabasa and
Bhunu 2011

Schistosoma (species not
specified)

Kallestrup et al.,
2005

Zimbabwe [36] Schistosoma (species not

specified)

Brown et al., 2005  Uganda [37] S. mansoni

Antiretroviral treatment

Efraim et al., 2013  Tanzania [38] Schistosoma (species not

specified)

Longitudinal (n = 220),
cases = 87

Case-control (n = 663),

cases =172

Longitudinal

Observational (n = 2,825)

Cross-sectional (n = 42)

Mathematical model

Case—control (n = 287),
cases = 130

Longitudinal (n = 163)

Cross-sectional (n = 351),
cases =112

At baseline, helminth-infected individuals had
ahigherlevel of CD8* T cells (P < 0.001) and
significantly lower baseline viral load (5.01
log+o vs. 3.41 log4g, P < 0.001). Viral load
remained reduced posttreatment.

Helminth infection was not associated with
higher viral load, lower CD4* cell count, or
faster decrease in CD4* cell count
preceding anti-helminthic therapy.

Coinfected individuals receiving treatment
for schistosomiasis had a significantly
lower change in plasma HIV-1 RNA over 3
months (-0.001 log10 copies/mL) than
those receiving no treatment (+0.21 log10
copies/mL) (P = 0.03).

Following treatment with praziquantel, there
was adeclinein HIV-1 RNA viral load in men
with urogenital schistosomiasis.

The presence of HIV-1 immune cells in the
seminal vesicles and the prostate declines
after praziquantel treatment with
diminished viral shedding in the semen as a
result.

Schistosomiasis may increase the prevalence
of HIV/AIDS in the community, but
schistosomiasis treatment can reduce the
burden of schistosomiasis and HIV/AIDS
coinfection in areas of extreme poverty.

Those with early treatment with praziquantel
had a significantly lower increase in
plasma HIV-1 RNA load than did those
who received delayed treatment (n = 66)
(P < 0.05).

Treatment of S. mansoni infection in adults
coinfected with HIV-1 results in a transient
increase in viral replication.

Schistosome infection was strongly
associated with immunological failure
(odds ratio 4.6 [95% Cl: 1.9-11.2], P =
0.0009) in coinfected people, with
significantly lower CD4* countincreases on
antiretroviral therapy than in schistosome-
uninfected patients.

S. haematobium = Schistosoma haematobium; S. mansoni = Schistosoma mansoni.

sub-Saharan Africa (2) and included adult male and female
participants. The average number of participants was 650, and
the average number of cases was 125. Three articles included
HIV/S. mansoni and STH-positive individuals,>” and one math-
ematical model that examined the co-dynamics of schisto-
somiasis and HIV/AIDS.

These studies do not permit any generalization, suggesting
treatment with praziquantel either increases viral load or de-
creases viral load, provides no change, or has a positive im-
pact on HIV viral suppression.2®

Efficacy of praziquantel in coinfected persons: Egg
excretion. Table 4 summarizes studies on praziquantel treat-
ment for schistosomiasis among persons with HIV as measured
by egg excretion. We reviewed 10 articles from four countries.
One study from Kenya included men only,'® and all other studies
included adult males and females with concurrent HIV/Schisto-
soma infection (cases); the average number of participants was
722, and the average number of cases was 287. One Kenyan
study spanned from 1997 to 2009 and included 569 men with

823 episodes of schistosomiasis. The overall mean egg re-
duction was 83% and ranged from 62% to 91% annually, and the
overall mean number of praziquantel doses needed to achieve
cure was 1.8, ranging from 1.4 to 3.1 annually.'?

The key findings of this study are that these articles provide
strong and consistent evidence that HIV reduces egg excre-
tion and clear evidence that antiretroviral therapy increases
egg output (P = 0.004).2” HIV probably reduces praziquantel
efficacy, 22728 put few studies have looked at this, and more
work is required.

DISCUSSION

This systematic review examined 53 articles from sub-Saharan
Africa focusing on HIV/Schistosoma coinfected individuals.
Based on the studies we reviewed, we found the following:

1. There is strong evidence for increased risk of HIV acqui-
sition in people infected with schistosomes probably be-
cause the density of CCR5 and CXCR4 receptors on CD4
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TaBLE 4

Effects of HIV on schistosome egg output

Author and year of
publication

Country [reference

number] Helminth species

Study design and participants

Major findings

Egg shedding posttreatment with praziquantel

Sanyaetal., 2015 Uganda [20] S. mansoni
Mwinzi et al., Kenya [35] S. mansoni
2004
Kallestrup etal., Zimbabwe [36]  Schistosoma (species not
2005 specified)
Secor et al., 2004 Kenya [39] Schistosoma (species not
specified)
Karanja et al., Kenya [40] S. mansoni
1998
Egg shedding post antiretroviral treatment
Muok et al., 2013 Kenya [27] S. mansoni

Host immunity post combination treatment
Black et al., 2009 Kenya [12] S. mansoni

Kallestrup etal.,, Zimbabwe [28] S. haematobium
2006

Fontanet et al., Ethiopia [41] S. mansoni
2000

Karanja et al., Uganda [42] Schistosoma (species not
1997 specified)

Cross-sectional (n = 2,316),
cases = 1,412

Case—control (n = 81), cases = 23

Case—control (n = 287), cases =
130

Longitudinal (n = 172), cases = 43

Case—control (n = 47), cases = 15

Longitudinal (n = 90)

Longitudinal (n = 178)

Longitudinal (n = 1,545), cases =
287

Cross-sectional (n = 1,239)

Cross-sectional (n = 351), cases =
97

Median S. mansoni eggs per gram
(EPG) for HIV-positive participants
(median = 102, IQR 36-321) was
lower than that for the HIV-negatives
(median = 180, IQR 60-660).

Schistosoma mansoni egg count per
gram was lower in the HIV-
positive participants (P = 0.005).

Those who received treatment with
praziquantel (n = 64) had no
significant difference in urine and
fecal egg count between early and
late treatment groups.

Fecal egg and circulating antigen
levels were reduced by
praziquantel; however, there was
no effect on viral load. The anti-
schistosome antibody responses
critical for praziquantel efficacy
may have developed before
depletion of CD4* T cell help that
may be necessary for antibody
production.

Praziquantel was useful for treating
schistosomiasis in people with
HIV-1 coinfection and lowered
CD4 lymphocyte percentages.
Those who were excreting eggs 4
weeks after initial drug treatment
stillhad an average 93% decrease
in their S. mansoni eggs per gram,
regardless of HIV-1 serostatus.

Kato-Katz-negative individuals at
enrollment subsequently started
excreting S. mansoni eggs once
antiretroviral therapy begun,
accompanied by a significant
increase in CD4* T lymphocytes
(P =0.004).

Among HIV-infected individuals,
there was a 26.5% cure failure
after single-dose praziquantel
treatment, although there was no
comparison group.

HIV-positive individuals experience
significantly less clearance
of schistosomiasis (cure rate,
31%) than HIV-negative
individuals (cure rate, 52%).

Schistosoma mansoni egg output
was significantly lower in the HIV-
positives than in the HIV-
negatives (Mann-Whitney test;

P =0.03; ratio of geometric means =
0.74) and remained so after
controlling for potential
confounders.

Patients who were infected with S.
mansoni and were seropositive for
HIV had similar levels of
circulating cathodic antigen but
excreted fewer eggs (643 + 622
EPG; n = 16) than individuals who
were not seropositive for HIV
infection (1,891 £ 1,779 EPG; n =
37) (P = 0.009).

S. haematobium = Schistosoma haematobium; S. mansoni = Schistosoma mansoni.
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cells increases together with an increase in egg-induced
mucosal damage.'®'°

2. Few studies have examined the risk of schistosome ac-
quisition in people with versus without HIV; these studies
show no evidence of an effect of HIV infection on the risk
of acquiring schistosomes as assessed by Kato-Katz or
urine CCA.*2

3a. There is little evidence that HIV increased rates of pro-
gression to portal vein fibrosis; coinfection was not an
accelerating factor for adverse outcomes, such as ane-
mia, hepatotoxicity, PPF, increase in portal vein diameter,
varices, or reinfection®3; and 3b) schistosomiasis may be
an important contributor to immune activation as evi-
denced by sustained decreases in IL-10 in H+/S+ indi-
viduals after antiretroviral therapy initiation?®; however, it
is not clear what the clinical consequences of this are.
There are also inconsistent data about CD4 counts.

4. There were inconclusive data regarding praziquantel,
suggesting that treatment increases viral load, decreases
viral load, or shows no change, and schistosomiasis
treatment has a positive impact on HIV viral suppression.2®

5. There is strong and consistent evidence that HIV reduces
schistosome egg excretion, antiretroviral therapy in-
creases egg output, and praziquantel is effective during
antiretroviral therapy. A key question is the timing of pra-
ziquantel: whether early treatment with praziquantel can
counteract the increased egg excretion that occurs during
antiretroviral therapy initiation.

Limitations of reviewed articles. Based on the articles
that met our criteria, there were insufficient data available to
determine the potential benefits of helminth eradication,
more specifically Schistosoma, in HIV-1 coinfected adults,
and insufficient data to support a reduction of HIV-1 viral
load, which could be very important for disease progression
and viral transmission. Our search overlooked the role of CD4
cells in HIV infections, as they are key contributors to the
inflammation pathway and to the development of fibrosis in
schistosomiasis. At the same time, CD4-mediated granu-
loma formation is important for walling off eggs and further
egg excretion, which plays an important role in immune ac-
tivation and schistosome-related morbidity in coinfected
individuals. The impact of deworming on markers of HIV-1
progression should be addressed in pilot studies that treat
every HIV-positive person with praziquantel while evaluating
species-specific effects, with a sufficient duration of follow-
up to document potential differences in clinical outcomes
and CD4* decline.?® Other limitations observed were small
sample sizes and the predominance of women versus men.23
Choice of cross-sectional study design was also a limiting
factor, as these studies could not provide an accurate time
line for how long patients were on antiretroviral therapy or
how long they had been infected or reinfected with schisto-
somes. Also, choice of diagnostic test should be considered
as the CCA test can reliably detect S. mansoni, whereas CAA
testing detects both without the ability to determine species.
Similarly, Kato—-Katz is only useful for detecting S. mansoni;
urine filtration is used to detect S. haematobium eggs, but
both can miss low-intensity infections as egg burden fluc-
tuates daily. Finally, no article reported on pediatric coin-
fected participants without also including adults, as most
schistosome acquisition occurs in childhood.

CONCLUSION

This systematic review examined the relationships between
schistosomiasis and HIV in coinfected individuals; the key take-
home points are as follows: 1) there is evidence that infection
with schistosomes increases the risk of HIV transmission/
acquisition; 2) there are insufficient data on whether HIV in-
fection increases the risk of Schistosoma acquisition; 3) coin-
fection may influence the levels of inflammatory biomarkers; 4)
there is inconsistent evidence on the effect coinfection has on
CD4* T-cell levels and host immune response; and 5) coin-
fection impedes schistosome egg excretion, which can re-
bound during initiation of antiretroviral therapy.

Although increased risk of HIV acquisition seems to be spe-
cies dependent, on the whole, schistosomes may contribute to
the spread and progression of HIV/AIDS in areas where both
diseases are prevalent. Critical gaps in research include further
exploration of schistosomes as an important contributor to
immune activation, as evidence demonstrated sustained de-
creases in IL-10 in H+/S+ individuals after antiretroviral therapy
initiation compared with H-/S+ individuals®® as it could pertain
to immune protection. Future studies should also compare
HIV+ and HIV-uninfected children to find influences of HIV on
schistosome acquisition, reinfection, and resistance.

Finally, studies should consider the implications of both
male and female genital schistosomiasis in HIV prevention
programs to better understand the underlining immunologic
contributions of coinfection as protection.
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