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The	‘perfect’	morbidity	biomarker
1. Sensitive- detect	low	level	morbidity
2. Specific- discern	between	schistosomiasis	morbidity	and	other	

diseases
3. Measurable	in	low	invasive	samples	(urine,	stool,	blood	

(DBS),	vaginal	lavage)
4. Responsive	to	treatment
5. Commercially	available	at	the	point-of-care- can	be	used	in	

clinics	AND	control	programmes.
6. Low-cost
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Biomarkers	for	Intestinal	Schistosomiasis
(S.mansoni,	S.japonicum)
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Biomarkers	for	S.	mansoni and	S.japonicum	morbidities
Anatomical
Intestinal	inflammation	and	occult	
blood	loss
Hepatomegaly
Splenomegaly/hypersplenism
Hepatic	fibrosis
Portal	vein	hypertension
Intestinal	hemorrhage

Functional
Small	intestinal	dysfunction
Chronic	pain
Anemia
Exercise	intolerance
Reduced	emotional	QoL
Poor	school	behavior	and	performance
Growth
Loss	of	earnings
Death

More	Acute

More	Chronic
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1. Sensitive-
2. Specific-
3. Measurable	in	low	blood	volume
4. Responsive	to	treatment	
5. Commercially	available	at	the	

point-of-care
6. Low-cost	

Anemia- detection	of	Hb

Jaggernath M et	al	(2016)	PLoS ONE	
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Abstract

Background: Calprotectin is a calcium-binding cytoplasmic protein found in neutrophils and increasingly used as a marker
of bowel inflammation. Fecal occult blood (FOB) is also a dependable indicator of bowel morbidity. The objective of our
study was to determine the applicability of these tests as surrogate markers of Schistosoma mansoni intestinal morbidity
before and after treatment with praziquantel (PZQ).

Methods: 216 children (ages 3–9 years old) from Buliisa District in Lake Albert, Uganda were examined and treated with PZQ
at baseline in October 2012 with 211 of them re-examined 24 days later for S. mansoni and other soil transmitted helminths
(STH). POC calprotectin and FOB assays were performed at both time points on a subset of children. Associations between
the test results and infection were analysed by logistic regression.

Results: Fecal calprotectin concentrations of 150–300 mg/g were associated with S. mansoni egg patent infection both at
baseline and follow up (OR: 12.5 P = 0.05; OR: 6.8 P = 0.02). FOB had a very strong association with baseline anemia (OR: 9.2
P = 0.03) and medium and high egg intensity schistosomiasis at follow up (OR: 6.6 P = 0.03; OR: 51.3 P = 0.003). Both tests
were strongly associated with heavy intensity S. mansoni infections. There was a significant decrease in FOB and calprotectin
test positivity after PZQ treatment in those children who had egg patent schistosomiasis at baseline.

Conclusions: Both FOB and calprotectin rapid assays were found to correlate positively and strongly with egg patent S.
mansoni infection with a positive ameloriation response after PZQ treatment indicative of short term reversion of morbidity.
Both tests were appropriate for use in the field with excellent operational performance and reliability. Due to its lower-cost
which makes its scale-up of use affordable, FOB could be immediately adopted as a monitoring tool for PC campaigns for
efficacy evaluation before and after treatment.
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Introduction

With over 207 million people worldwide infected with schistoso-
miasis, mostly in sub-Saharan Africa, there is still a pressing need to
optimize field-appropriate tools for morbidity staging and monitor-
ing of clinical disease [1]. In recent years there has been a scale-up of
schistosomiasis control programs worldwide [2,3]. However, no
single direct morbidity marker has been adopted to monitor the
clinical impact of these interventions [4]. Part of the difficulty is due
to the variability of schistosomiasis-related clinical manifestations
that are often non-specific and species dependent. This holds
particularly true for intestinal schistosomiasis, mainly caused by two
different species of the genus Schistosoma: S. japonicum and S. mansoni,
in which the clinical diagnostic gold-standard for bowel morbidity is
a colonoscopy. This has limited applicability in resource limited

settings owing to logistic constraints [5]. Hence it is important to find
suitable low-cost reliable proxy markers of bowel morbidity that can
aid in measuring the clinical impact of control programs.

Intestinal schistosomiasis is an inflammatory disease in which
the observable pathology derives from the local inflammatory host
response to the egg-entrapment inside the intestinal mucosa and
submucosa [5]. It can manifest with a wide range of symptoms
depending on the extent of the inflammation and friability of the
mucosa, ranging from intermittent abdominal pain to overt acute
dysentery. By performing colonoscopy studies, colorectal schisto-
somiasis has been consistently associated with findings of intestinal
polyps and pseudopolyps that can present as blood-per-rectum in
affected individuals [6].

Across community-based surveys worldwide, detection of
intestinal blood loss in schistosomiasis-endemic areas has revealed
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intestinal schistosomiasis may or may not co-exist and this
emphasizes the importance of differentiating both clinical entities.

As a limitation to our study we could not compare the point-of-
care tests that we used with colorectal endoscopy, the gold-
standard diagnostic test for intestinal morbidity, however calpro-
tectin has been widely previously validated in other studies as an
acceptable inflammatory marker against colonoscopy [19,21,28].
Our proxy for morbidity was egg-patent S. mansoni infection.
Infection is different from clinical disease and particularly in
schistosomiasis egg-shedding may decrease with time and treat-
ment, but organ damage from chronic inflammatory response to
tissue trapped eggs is likely to persist. The association between
FOB and Schistosoma infection has been clearly demonstrated
before and it can therefore be considered a good surrogate marker
for intestinal pathology [7–9,15]. The advantages of the FOB
immunochemical test are their relatively low cost ($0.6/test), easy
to use with very little technical expertise required. All tests were
reliable with no tests failing making the invalid test rate negligble.

The associations between Walukuba village and FOB, as well as
between Bugoigo village and calprotection, are intriguing. The
precise disease manifestation associated with a parasitic infection
depends on a complex interplay between the host and parasite. In
recent work, we did not find significant genetic differentiation
between S. mansoni parasite populations from the three villages
included in the present study (Betson et al., under review).
However, there are tribal differences in the human populations
between the three villages with certain tribes more or less
represented in each village, for example most people in Walukuba
belong to the Alur tribe, whereas in Bugoigo and Piida, the
Banyoro and Bugungu tribes are also well-represented. These
differences in local ethnography may least in part explain the
associations between specific morbidity markers and particular
villages.

The intertwined relationship between anemia and schistosomi-
asis is found across species and even in individuals with light
parasitic loads [34],[35]. What remains to be elucidated, however,

Figure 3. Percent of children egg positive for S. mansoni with positive FOB (A) and calprotectin (B) at baseline and 24 days after PZQ
treatment. Statistically significant values are indicated *.
doi:10.1371/journal.pntd.0002542.g003

Intestinal Schistosomiasis Point-of-Care Markers

PLOS Neglected Tropical Diseases | www.plosntds.org 6 November 2013 | Volume 7 | Issue 11 | e2542

1. Sensitive-
2. Specific-
3. Measurable	in	stool
4. Responsive	to	treatment
5. Commercially	available	at	the	

point-of-care
6. Low-cost	
1. FOB
2. Calprotectin

Biomarkers	for	Intestinal	inflammation	and	occult	blood	loss
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Abstract
Critical to the design and assessment of interventions for enteropathy and its developmen-

tal consequences in children living in impoverished conditions are non-invasive biomarkers

that can detect intestinal damage and predict its effects on growth and development. We

therefore assessed fecal, urinary and systemic biomarkers of enteropathy and growth pre-

dictors in 375 6–26 month-old children with varying degrees of malnutrition (stunting or

wasting) in Northeast Brazil. 301 of these children returned for followup anthropometry

after 2-6m. Biomarkers that correlated with stunting included plasma IgA anti-LPS and anti-

FliC, zonulin (if >12m old), and intestinal FABP (I-FABP, suggesting prior barrier disrup-

tion); and with citrulline, tryptophan and with lower serum amyloid A (SAA) (suggesting

impaired defenses). In contrast, subsequent growth was predicted in those with higher

fecal MPO or A1AT and also by higher L/M, plasma LPS, I-FABP and SAA (showing intesti-

nal barrier disruption and inflammation). Better growth was predicted in girls with higher

plasma citrulline and in boys with higher plasma tryptophan. Interactions were also seen

with fecal MPO and neopterin in predicting subsequent growth impairment.

Biomarkers clustered into markers of 1) functional intestinal barrier disruption and trans-

location, 2) structural intestinal barrier disruption and inflammation and 3) systemic inflam-

mation. Principle components pathway analyses also showed that L/M with %L, I-FABP

and MPO associate with impaired growth, while also (like MPO) associating with a systemic

inflammation cluster of kynurenine, LBP, sCD14, SAA and K/T. Systemic evidence of LPS
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Small	intestinal	morbidity	biomarkers	leading	to	poor	linear	
growth
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3 likely lead to the group 2 systemic responses in associating with each other as well as fitting
our concept of the pathogenesis of enteropathy. Shown in Fig 5 for the�274 biomarkers avail-
able within 1 month of enrollment and, more extensively for all tests done in S2 Table, fecal
MPO correlates with fecal A1AT, and Reg-1, as well as with urinary L/M ratios, % lactulose
and even with kynurenine, K/T ratios and (negatively) with tryptophan. Fecal MPO also corre-
lated significantly with neopterin, albeit in smaller numbers available for neopterin at study
start (n = 233; but with n = 279, r = 0.238, p<0.001 for all samples tested shown in S2 Table).
Published separately using a subset of 77 of these fecal samples for comparative simultaneous
studies of fecal MPO, lactoferrin (LF), calprotectin (FC) and Lipocalin-2 (Lcn-2) [33], we
found that the neutrophil markers, MPO, LF and FC correlated best, but also, albeit less tightly,
with Lcn-2. The full sample shows that fecal Reg-1 also correlated with A1AT and the intestinal

Fig 2. Fecal MPO, Fecal alpha-1-antitrypsin (A1AT), and plasma LPS, FABP and SAA each predicts subsequent growth impairment. a: For MPO,
p = 0.028; n = 266 when correcting for age and gender, and independent of breastfeeding status (that showed no correlation in these 6-26m old children)
and of age. b: For A1AT, n = 237; p = 0.042; and A1AT also correlates with “catchup WAZ” as well, p = 0.035 after correcting for age and gender. c: For
urine L/M, higher values correlated (controlling for age and gender) with impaired growth (delta HAZ) (r = -0.173; p = 0.009; n = 230). d: For plasma LPS (ie
lower LUM), higher values correlated with impaired growth (delta HAZ) (r = 0.151; p = 0.017; n = 251). e: For plasma FABP, higher values correlated with
impaired growth (delta HAZ) (r = -0.134; p = 0.042; n = 231). f: For plasma SAA, higher values correlated with impaired growth (delta HAZ) (r = -0.132;
p = 0.046; n = 231).

doi:10.1371/journal.pone.0158772.g002

Biomarkers of Enteropathy, Stunting and Growth
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• Microbial	Translocation	and	systemic	inflammation:	Plasma	LPS	
(endotoxin),	EndoCAb,	IL-6,	CRP,alfa-1	acid	glycoprotein

• Barrier	disruption	(	permeability)	:	Urine	Lactose/Mannose	
ratio,	Stool	Regenerating	gene	1B	(REG-1B),	(Intestinal	fatty	acid	
binding	protein	(I-FABP)

• Intestinal		Inflammation:	Stool	Myeloperoxidase	(MPO)	and	
neopterin,	Stool	Alfa-1	antitripsine

Results	form	the	MALED	study	(Gates,	NIH)

S U P P L E M E N T A R T I C L E

Assessment of Environmental Enteric
Dysfunction in the SHINE Trial: Methods
and Challenges
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Environmental enteric dysfunction (EED) is a virtually ubiquitous, but poorly defined, disorder of the small
intestine among people living in conditions of poverty, which begins early in infancy and persists. EED is char-
acterized by altered gut structure and function, leading to reduced absorptive surface area and impaired intes-
tinal barrier function. It is hypothesized that recurrent exposure to fecal pathogens and changes in the
composition of the intestinal microbiota initiate this process, which leads to a self-perpetuating cycle of pathol-
ogy. We view EED as a primary gut disorder that drives chronic systemic inflammation, leading to growth hor-
mone resistance and impaired linear growth. There is currently no accepted case definition or gold-standard
biomarker of EED, making field studies challenging. The Sanitation Hygiene Infant Nutrition Efficacy
(SHINE) trial in Zimbabwe is evaluating the independent and combined effects of a package of infant feeding
and/or water, sanitation, and hygiene interventions on stunting and anemia. SHINE therefore provides an op-
portunity to longitudinally evaluate EED in a well-characterized cohort of infants, using a panel of biomarkers
along the hypothesized causal pathway. Our aims are to describe the evolution of EED during infancy, ascertain
its contribution to stunting, and investigate the impact of the randomized interventions on the EED pathway. In
this article, we describe current concepts of EED, challenges in defining the condition, and our approach to
evaluating EED in the SHINE trial.

Keywords. infants; stunting; environmental enteric dysfunction; inflammation; IGF-1.

A key hypothesis of the Sanitation Hygiene Infant Nu-
trition Efficacy (SHINE) trial is that environmental en-
teric dysfunction (EED), a subclinical disorder of the
small intestine, is a major cause of child stunting [1].
Within SHINE, the cluster-randomized design will en-
able us to investigate the impact of water, sanitation, and

hygiene (WASH) and infant and young child feeding
interventions on the pathogenesis of EED, and to eval-
uate other causes and consequences of EED through
observational substudies [1]. In this article, we discuss
current concepts of EED, challenges in defining the
condition, emerging biomarkers, and our approach to
evaluating the EED pathway in the SHINE trial.

CURRENT CONCEPTS OF EED

EED represents a population-wide shift in gut structure
and function in areas of poverty, where apparently
healthy people have abnormal small intestinal biopsy
findings, characterized by reduced villus height, increased
crypt depth, and lymphocytic infiltration [2–5]. Villi be-
come fused and broad, causing formation of leaves and
ridges, which reduces the absorptive surface area of the

aMembers of the SHINE Trial Team are shown in SHINE Trial Team, “The Sanitation
Hygiene Infant Nutrition Efficacy (SHINE) trial: rationale, design, and methods,” Clin
Infect Dis 2015; 61(suppl 7):S685–702.
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may help explain the elevated levels of endotoxin in all study
subjects, compared with North American newborns. Despite
the apparent host accommodation to schistosome-induced en-
dotoxemia, we demonstrate that elevated endotoxin levels at
the maternal-fetal interface are associated with adverse preg-
nancy outcomes, such as ACA and prematurity.

Inflammation of the placenta is a known risk factor for pre-
mature birth, and ACA is present in up to 85% of all preterm
births [10]. Although the precise mechanisms by which placen-
tal inflammation results in early delivery are not clear, LPS has
been shown to cause proinflammatory cytokine production by
trophoblast cells and placental extracts in culture [11, 12], and

Figure 1. Endotoxin levels are elevated in maternal and placental serum in pregnant women with schistosomiasis, and are associated with adverse
pregnancy outcomes. A, Geometric means ± SEs of endotoxin levels in uninfected and infected pregnant women in the Philippines. After controlling for
confounders, endotoxin in maternal and placental serum samples is higher in infected women (P= .03 and P< .001 in maternal and placental serum, re-
spectively). Of note, when we evaluated the relationship between endotoxin levels and each geohelminth species separately, significant correlations
between endotoxin and intensity of infection existed in the placental compartment with T. trichiura and in the fetal compartment with A. lumbricoides.
These were thus included in each respective model. B, Both IL-10 and TNF-α are elevated in maternal circulation in those women with the circulating endo-
toxin in the upper third of the distribution. Bars represent mean ± SE; different letters represent significant differences within a specific cytokine; prime no-
tation (A v A’) represents separate statistical analyses done for different cytokines (P< .05). C, IL-6 in placental serum is elevated in women with placental
endotoxin in the upper third of the distribution. Bars represent mean ± SE; different letters represent significant differences, P< .05. D, TNF-α, TNF-RII, and
IL-1 are all elevated in the placental compartment as endotoxin levels within the placenta rise. Bars represent mean ± SE, different letters represent signifi-
cant differences within a specific cytokine; prime notation (A v A′ v A″) represents separate statistical analyses done for different cytokines (P< .05). E,
ACA and premature birth are associated with elevated levels of placental endotoxin. P= .02 and P< .01 in ACA and prematurity, respectively. Data are rep-
resented as least squares mean ± SE after linear regression analysis, n = 112. Abbreviations: ACA, acute chorioamnionitis; IL, interleukin; SE, standard
error; TNF, tumor necrosis factor.
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Schistosomiasis affects approximately 40 million women of
reproductive age and has been linked to elevated levels of
circulating endotoxin in nonpregnant individuals. We have
evaluated endotoxin levels in maternal, placental, and
newborn blood collected from women residing in Leyte,
Philippines. Endotoxin levels in both maternal and placental
compartments in pregnant women with schistosomiasis were
1.3- and 2.4-fold higher, respectively, than in uninfected
women. In addition, higher concentrations of endotoxin in
placental blood were associated with premature birth, acute
chorioamnionitis, and elevated proinflammatory cytokines.
By promoting endotoxemia, schistosomiasis may exert addi-
tional, maladaptive influences on pregnancy outcomes.
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Schistosomiasis is a parasitic disease affecting millions of
people. It is estimated to be responsible for as many as 13–15
million disability-adjusted life years (DALYs) lost annually in
endemic regions [1]. Despite a 2002 World Health Organization
policy statement recommending treatment of pregnant and

lactating women with praziquantel, many pregnancies remain
complicated by schistosomiasis due to regional differences in
adoption of this policy and barriers to drug availability and
delivery [2].

Studies from our group have established schistosomiasis as a
chronic infection eliciting proinflammatory immune responses
that are thought to mediate much of the morbidity associated
with schistosomiasis, including during pregnancy [3]. Recent
studies have also demonstrated an association between helmin-
thiasis and microbial translocation (MT), the leakage of gut
contents, including microbes and their associated products,
into the normally sterile bloodstream [4–6]. MT can lead to
persistent stimulation of the immune system and has been asso-
ciated with adverse outcomes in the context of many diseases
that disrupt gut integrity [6, 7]. Depending on the intensity of
schistosome infection, a significant number of eggs leave the
systemic circulation through capillaries of the gut lamina
propria, eventually penetrating the gut epithelium. Importantly,
we have demonstrated evidence for this disruption in a cohort of
adult Kenyan males “hyperexposed” to schistosomiasis who had
significantly higher plasma levels of lipopolysaccharide (LPS;
endotoxin) compared with uninfected Kenyan controls [4].

Schistosomiasis-associated MT likely exacerbates the nega-
tive consequences of infection during pregnancy; however, to
our knowledge, no studies have addressed the role of MT in the
context of human pregnancy. We evaluated the levels of endo-
toxin in our study population of pregnant women in Leyte,
Philippines, a region endemic for Schistosoma japonicum. We
quantified endotoxin levels in maternal, fetal, and placental
serum samples and evaluated differences based on schistosome
infection status. In addition, we assessed the relationship
between endotoxin levels and pregnancy outcomes.

METHODS

Ethical Considerations and Informed Consent
This study was approved by the institutional review boards of
Rhode Island Hospital and the Research Institute for Tropical
Medicine in The Philippines. All subjects provided informed
consent prior to enrollment in the study. Per the guidelines of
the Philippine Department of Health, treatment for infections
was withheld until after the women had given birth and
stopped breastfeeding. Cord blood collection from North
American pregnancies was approved by the institutional review
boards of Rhode Island and Women and Infants Hospitals.
Samples were obtained in a de-identified manner from women

Received 13 June 2013; accepted 20 July 2013; electronically published 20 August 2013.
Correspondence: Emily A. McDonald, PhD, Center for International Health Research, Rhode

Island Hospital, 55 Claverick St, Providence, RI 02903 (emcdonald1@lifespan.org).

The Journal of Infectious Diseases 2014;209:468–72
© The Author 2013. Published by Oxford University Press on behalf of the Infectious Diseases
Society of America. All rights reserved. For Permissions, please e-mail: journals.permissions@
oup.com.
DOI: 10.1093/infdis/jit446

468 • JID 2014:209 (1 February) • BRIEF REPORT

Downloaded from
 https://academ

ic.oup.com
/jid/article-abstract/209/3/468/840634 by guest on 26 O

ctober 2018

may help explain the elevated levels of endotoxin in all study
subjects, compared with North American newborns. Despite
the apparent host accommodation to schistosome-induced en-
dotoxemia, we demonstrate that elevated endotoxin levels at
the maternal-fetal interface are associated with adverse preg-
nancy outcomes, such as ACA and prematurity.

Inflammation of the placenta is a known risk factor for pre-
mature birth, and ACA is present in up to 85% of all preterm
births [10]. Although the precise mechanisms by which placen-
tal inflammation results in early delivery are not clear, LPS has
been shown to cause proinflammatory cytokine production by
trophoblast cells and placental extracts in culture [11, 12], and

Figure 1. Endotoxin levels are elevated in maternal and placental serum in pregnant women with schistosomiasis, and are associated with adverse
pregnancy outcomes. A, Geometric means ± SEs of endotoxin levels in uninfected and infected pregnant women in the Philippines. After controlling for
confounders, endotoxin in maternal and placental serum samples is higher in infected women (P= .03 and P< .001 in maternal and placental serum, re-
spectively). Of note, when we evaluated the relationship between endotoxin levels and each geohelminth species separately, significant correlations
between endotoxin and intensity of infection existed in the placental compartment with T. trichiura and in the fetal compartment with A. lumbricoides.
These were thus included in each respective model. B, Both IL-10 and TNF-α are elevated in maternal circulation in those women with the circulating endo-
toxin in the upper third of the distribution. Bars represent mean ± SE; different letters represent significant differences within a specific cytokine; prime no-
tation (A v A’) represents separate statistical analyses done for different cytokines (P< .05). C, IL-6 in placental serum is elevated in women with placental
endotoxin in the upper third of the distribution. Bars represent mean ± SE; different letters represent significant differences, P< .05. D, TNF-α, TNF-RII, and
IL-1 are all elevated in the placental compartment as endotoxin levels within the placenta rise. Bars represent mean ± SE, different letters represent signifi-
cant differences within a specific cytokine; prime notation (A v A′ v A″) represents separate statistical analyses done for different cytokines (P< .05). E,
ACA and premature birth are associated with elevated levels of placental endotoxin. P= .02 and P< .01 in ACA and prematurity, respectively. Data are rep-
resented as least squares mean ± SE after linear regression analysis, n = 112. Abbreviations: ACA, acute chorioamnionitis; IL, interleukin; SE, standard
error; TNF, tumor necrosis factor.
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Schistosomiasis affects approximately 40 million women of
reproductive age and has been linked to elevated levels of
circulating endotoxin in nonpregnant individuals. We have
evaluated endotoxin levels in maternal, placental, and
newborn blood collected from women residing in Leyte,
Philippines. Endotoxin levels in both maternal and placental
compartments in pregnant women with schistosomiasis were
1.3- and 2.4-fold higher, respectively, than in uninfected
women. In addition, higher concentrations of endotoxin in
placental blood were associated with premature birth, acute
chorioamnionitis, and elevated proinflammatory cytokines.
By promoting endotoxemia, schistosomiasis may exert addi-
tional, maladaptive influences on pregnancy outcomes.
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Schistosomiasis is a parasitic disease affecting millions of
people. It is estimated to be responsible for as many as 13–15
million disability-adjusted life years (DALYs) lost annually in
endemic regions [1]. Despite a 2002 World Health Organization
policy statement recommending treatment of pregnant and

lactating women with praziquantel, many pregnancies remain
complicated by schistosomiasis due to regional differences in
adoption of this policy and barriers to drug availability and
delivery [2].

Studies from our group have established schistosomiasis as a
chronic infection eliciting proinflammatory immune responses
that are thought to mediate much of the morbidity associated
with schistosomiasis, including during pregnancy [3]. Recent
studies have also demonstrated an association between helmin-
thiasis and microbial translocation (MT), the leakage of gut
contents, including microbes and their associated products,
into the normally sterile bloodstream [4–6]. MT can lead to
persistent stimulation of the immune system and has been asso-
ciated with adverse outcomes in the context of many diseases
that disrupt gut integrity [6, 7]. Depending on the intensity of
schistosome infection, a significant number of eggs leave the
systemic circulation through capillaries of the gut lamina
propria, eventually penetrating the gut epithelium. Importantly,
we have demonstrated evidence for this disruption in a cohort of
adult Kenyan males “hyperexposed” to schistosomiasis who had
significantly higher plasma levels of lipopolysaccharide (LPS;
endotoxin) compared with uninfected Kenyan controls [4].

Schistosomiasis-associated MT likely exacerbates the nega-
tive consequences of infection during pregnancy; however, to
our knowledge, no studies have addressed the role of MT in the
context of human pregnancy. We evaluated the levels of endo-
toxin in our study population of pregnant women in Leyte,
Philippines, a region endemic for Schistosoma japonicum. We
quantified endotoxin levels in maternal, fetal, and placental
serum samples and evaluated differences based on schistosome
infection status. In addition, we assessed the relationship
between endotoxin levels and pregnancy outcomes.

METHODS

Ethical Considerations and Informed Consent
This study was approved by the institutional review boards of
Rhode Island Hospital and the Research Institute for Tropical
Medicine in The Philippines. All subjects provided informed
consent prior to enrollment in the study. Per the guidelines of
the Philippine Department of Health, treatment for infections
was withheld until after the women had given birth and
stopped breastfeeding. Cord blood collection from North
American pregnancies was approved by the institutional review
boards of Rhode Island and Women and Infants Hospitals.
Samples were obtained in a de-identified manner from women
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the apparent host accommodation to schistosome-induced en-
dotoxemia, we demonstrate that elevated endotoxin levels at
the maternal-fetal interface are associated with adverse preg-
nancy outcomes, such as ACA and prematurity.

Inflammation of the placenta is a known risk factor for pre-
mature birth, and ACA is present in up to 85% of all preterm
births [10]. Although the precise mechanisms by which placen-
tal inflammation results in early delivery are not clear, LPS has
been shown to cause proinflammatory cytokine production by
trophoblast cells and placental extracts in culture [11, 12], and

Figure 1. Endotoxin levels are elevated in maternal and placental serum in pregnant women with schistosomiasis, and are associated with adverse
pregnancy outcomes. A, Geometric means ± SEs of endotoxin levels in uninfected and infected pregnant women in the Philippines. After controlling for
confounders, endotoxin in maternal and placental serum samples is higher in infected women (P= .03 and P< .001 in maternal and placental serum, re-
spectively). Of note, when we evaluated the relationship between endotoxin levels and each geohelminth species separately, significant correlations
between endotoxin and intensity of infection existed in the placental compartment with T. trichiura and in the fetal compartment with A. lumbricoides.
These were thus included in each respective model. B, Both IL-10 and TNF-α are elevated in maternal circulation in those women with the circulating endo-
toxin in the upper third of the distribution. Bars represent mean ± SE; different letters represent significant differences within a specific cytokine; prime no-
tation (A v A’) represents separate statistical analyses done for different cytokines (P< .05). C, IL-6 in placental serum is elevated in women with placental
endotoxin in the upper third of the distribution. Bars represent mean ± SE; different letters represent significant differences, P< .05. D, TNF-α, TNF-RII, and
IL-1 are all elevated in the placental compartment as endotoxin levels within the placenta rise. Bars represent mean ± SE, different letters represent signifi-
cant differences within a specific cytokine; prime notation (A v A′ v A″) represents separate statistical analyses done for different cytokines (P< .05). E,
ACA and premature birth are associated with elevated levels of placental endotoxin. P= .02 and P< .01 in ACA and prematurity, respectively. Data are rep-
resented as least squares mean ± SE after linear regression analysis, n = 112. Abbreviations: ACA, acute chorioamnionitis; IL, interleukin; SE, standard
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Periportal Fibrosis in Human Schistosoma mansoni Infection Is
Associated with Low IL-10, Low IFN-!, High TNF-", or Low
RANTES, Depending on Age and Gender1

Mark Booth,2* Joseph K. Mwatha,† Sarah Joseph,* Frances M. Jones,* Hilda Kadzo,‡
Edmund Ireri,† Frances Kazibwe,§ Jovanice Kemijumbi,3§ Curtis Kariuki,¶ Gachuhi Kimani,†
John H. Ouma,† Narcis B. Kabatereine,§ Birgitte J. Vennervald,! and David W. Dunne*

Schistosoma mansoni infection is highly endemic in parts of Uganda, and periportal fibrosis is common in communities along the
shore of Lake Albert. In this study, we have identified cellular immune responses associated with fibrosis. A cohort of 199
individuals aged 6–50, resident in the village for at least 10 years or since birth, were examined for evidence of periportal fibrosis
by ultrasound using the Niamey protocol. Whole-blood samples were assayed for levels of nine cellular immune molecules (IL-3,
IL-4, IL-5, IL-10, IL-13, TNF-", IFN-!, IL-1#, and RANTES) in the absence of in vitro Ag stimulation, and after stimulation with
egg and worm Ags. A lack of Ag specificity allowed the number of variables in the analysis to be reduced by factor analysis. The
resulting factor scores were then entered into a risk analysis using a classification tree algorithm. Children, adult males, and adult
females had different factors associated with fibrosis. Most cases of fibrosis in children (eight of nine) were associated with low
(<47th percentile) IL-10 factor scores. Adult females at lowest risk had relatively high IFN-! factor scores (>83rd percentile),
whereas those at highest risk had a combination of intermediate (32nd to 83rd percentile) IFN-! and relatively high (>60th
percentile) TNF-" factor scores. Adult males at lowest risk of fibrosis had moderate TNF-" factor scores (55th to 82nd percentile),
and a high risk was associated with either high TNF-" factor scores (>82nd percentile), or intermediate TNF-" combined with
low RANTES factor scores (<58th percentile). These results demonstrate that periportal fibrosis is associated with cytokine
production profiles that vary with both age and gender. The Journal of Immunology, 2004, 172: 1295–1303.

P eriportal fibrosis of the liver is a serious consequence of
Schistosoma mansoni infection that involves remodeling
of the extracellular matrix and excessive deposition of col-

lagen, primarily by hepatic stellate cells, along the branches of the
portal tract. Disease only occurs in a proportion of infected indi-
viduals, with demographic risk factors including age, duration of
exposure, and gender (1, 2). The clinical picture is well established
(3), and some of the generic cellular and molecular mechanisms of
fibrosis have been recently described (4). Experimental murine
studies indicate that development of schistosome-associated fibro-
sis is influenced by several counterregulatory Th1- and Th2-type
cytokines, including IL-4, IL-13, TNF-!, and IFN-" (5). A pivotal
role of IL-10 in down-regulating both Th1 and Th2 responses to
schistosome Ags, and hence limiting the extent of pathology, has
also been demonstrated (6). Importantly, most experiments on an-

imal models have focused on periovular rather than periportal fi-
brosis, and the relevance of these observations may depend on
whether or not the distended lesions typical of fibrosis in humans
have the same etiology and molecular mechanisms as localized
granulomatous responses.
Although invasive experimental procedures are generally unde-

sirable and often unethical in humans, it is still possible to dem-
onstrate associations between immune responses and disease status
that may yield valuable insights into disease mechanisms. The an-
tifibrogenetic cytokine IFN-" in particular has been associated
with protection against severe portal fibrosis. A genetic study
mapped a high risk of severe hepatic fibrosis to a locus on chro-
mosome 6 close to the IFN-"R gene (7), and this was followed by
a demonstration that cases of severe portal fibrosis were associated
with low levels of IFN-" and high levels of TNF-! (8). Clues as
to the involvement of other cytokines in the etiology of fibrosis in
humans have come from studies of chronic injury in other organs.
For example, studies of human pulmonary fibrosis indicate that
fibroblasts from diseased tissue are less able to induce IL-10 pro-
duction than those from normal tissue (9). Other forms of pathol-
ogy associated with schistosome infection in humans have also
identified cytokine responses as important factors, including IL-10
and TNF-! in bladder pathology associated with Schistosoma
haematobium infections (10), and IL-5, associated with a lack of
hepatosplenomegaly attributable to S. mansoni infection (11).
In this study, the aim was to identify demographic and cytokine

responses associated with ultrasound-detectable fibrosis in a pop-
ulation heavily exposed to S. mansoni infection (2, 12, 13). Nine
cellular immune responses to three crude S. mansoni Ag prepara-
tions, as well as constitutive responses assayed in the absence of in
vitro Ag stimulation, were measured. The potential obstacle of
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Henrique Diniz Cunha2, Julia Fonseca Morais Caporali2, Guilherme Vaz de
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Abstract

Background

Symptomatic acute schistosomiasis mansoni is a systemic hypersensitivity reaction

against the migrating schistosomula and mature eggs after a primary infection. The mecha-

nisms involved in the pathogenesis of acute schistosomiasis are not fully elucidated. Osteo-

pontin has been implicated in granulomatous reactions and in acute hepatic injury. Our

aims were to evaluate if osteopontin plays a role in acute Schistosoma mansoni infection in

both human and experimentally infected mice and if circulating OPN levels could be a novel

biomarker of this infection.

Methodology/Principal Findings

Serum/plasma osteopontin levels were measured by ELISA in patients with acute (n = 28),

hepatointestinal (n = 26), hepatosplenic (n = 39) schistosomiasis and in uninfected controls

(n = 21). Liver osteopontin was assessed by immunohistochemistry in needle biopsies of 5

patients. Sera and hepatic osteopontin were quantified in the murine model of schistosomi-

asis mansoni during acute (7 and 8 weeks post infection, n = 10) and chronic (30 weeks

post infection, n = 8) phase. Circulating osteopontin levels are increased in patients with

acute schistosomiasis (p = 0.0001). The highest levels of OPN were observed during the

peak of clinical symptoms (7–11 weeks post infection), returning to baseline level once the
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Atlanta, GA, United States of America, 11 Núcleo de Doenças Infecciosas, Universidade Federal do Espı́rito
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Abstract

Background

Symptomatic acute schistosomiasis mansoni is a systemic hypersensitivity reaction

against the migrating schistosomula and mature eggs after a primary infection. The mecha-

nisms involved in the pathogenesis of acute schistosomiasis are not fully elucidated. Osteo-

pontin has been implicated in granulomatous reactions and in acute hepatic injury. Our

aims were to evaluate if osteopontin plays a role in acute Schistosoma mansoni infection in

both human and experimentally infected mice and if circulating OPN levels could be a novel

biomarker of this infection.

Methodology/Principal Findings

Serum/plasma osteopontin levels were measured by ELISA in patients with acute (n = 28),

hepatointestinal (n = 26), hepatosplenic (n = 39) schistosomiasis and in uninfected controls

(n = 21). Liver osteopontin was assessed by immunohistochemistry in needle biopsies of 5

patients. Sera and hepatic osteopontin were quantified in the murine model of schistosomi-

asis mansoni during acute (7 and 8 weeks post infection, n = 10) and chronic (30 weeks

post infection, n = 8) phase. Circulating osteopontin levels are increased in patients with

acute schistosomiasis (p = 0.0001). The highest levels of OPN were observed during the

peak of clinical symptoms (7–11 weeks post infection), returning to baseline level once the
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levels start to fall, reaching levels comparable to uninfected individuals 24 weeks post-infection
(Fig 1C). Receiver operating characteristics (ROC) curve analysis demonstrated that serum
OPN measurement could be a good biomarker to identify patients with symptomatic acute
schistosomiasis mansoni (Area under the curve = 0.9959; p<0.0001; 95% confidence interval
0.9848–1.007; S1 Fig). In our study population OPN serum test >23.34 can detect a symptom-
atic acute patient with 95.65% sensitivity and 95.24% specificity (Likelihood ratio = 20.09).

Immunohistochemistry demonstrated that the inflammatory cells in the necrotic-exudative
liver granulomas express OPN, especially in the macrophage (epithelioid cells) enriched area
around the egg and central necrosis (Fig 1D and S2 Fig).

Serum and hepatic osteopontin is increased in murine acute
schistosomiasis

Similar to humans, mice in the acute phase of infection also have more circulating and hepatic
OPN levels than mice in the chronic phase of infection where there is severe fibrosis (p = 0.001
vs Non-infected; p = 0.0124 vs chronic phase) (Fig 2A, 2C and 2D). OPN levels in mice also
peaked in the liver (p = 0.0001 vs non-infected; p = 0.0245 vs 6 weeks and p = 0.0104 vs 30
weeks) and serum (p = 0.0286 vs non-infected; p = 0.0286 vs 6 weeks; p = 0.0286 vs 8 weeks
and p = 0.004 vs 30 weeks) 7 weeks post-infection, at a time when the livers were enriched with
necrotic-exudative granulomas and inflammatory cells (Fig 2B, 2C and 2D). During the acute

Fig 1. Sera and hepatic osteopontin are upregulated in human acute schistosomiasis mansoni. A) ELISA for osteopontin in the plasma of uninfected
controls (NI, n = 21) and schistosomiasis patients with Acute (n = 3), hepatointestinal (n = 26) and hapatosplenic (n = 39) forms of disease. B) ELISA for
osteopontin in the serum of uninfected controls (n = 21) and patients with acute schistosomiasis mansoni (n = 28). C) ELISA for osteopontin in the serum of
uninfected controls (NI, n = 21) and patients with acute schistosomiasis mansoni (n = 28) grouped by weeks post infection. Medians are displayed; Mann-
Whitney U test: #p<0.05, ##p<0.01, ###p<0.001, ####p<0.0001 vs uninfected controls; *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. D)
Immunohistochemistry for osteopontin in liver needle biopsy fragment of a representative subject with acute schistosomiasis mansoni (10 weeks post
infection). Final magnification 100x, 200x and 400x.

doi:10.1371/journal.pntd.0005057.g001

Osteopontin in Acute Schistosomiasis Mansoni
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M A J O R A R T I C L E

Th2 Cytokines Are Associated with Persistent Hepatic
Fibrosis in Human Schistosoma japonicum Infection

H. M. Coutinho,1,3 L. P. Acosta,7 H. W. Wu,1 S. T. McGarvey,2,3 L. Su,4 G. C. Langdon,1 M. A. Jiz,7 B. Jarilla,7

R. M. Olveda,7 J. F. Friedman,1,5 and J. D. Kurtis1,6

1Center for International Health Research, Rhode Island Hospital, and 2Epidemiology Section, 3Department of Community Health and International
Health Institute, and 4Center for Statistical Sciences, Brown University, and Departments of 5Pediatrics and 6Pathology and Laboratory Medicine,
Brown University Medical School, Providence, Rhode Island; 7Research Institute of Tropical Medicine, Manila, the Philippines

We conducted a prospective cohort study in Leyte, the Philippines, among 611 Schistosoma japonicum–infected
participants 7–30 years old, all of whom were treated with praziquantel at baseline. To detect hepatic fibrosis,
abdominal ultrasound was performed at baseline and 12 months after treatment. Stool for assessment of S.
japonicum infection was collected at baseline and at 3, 6, 9, and 12 months after treatment. Cytokines (in-
terleukin [IL]–4, IL-5, IL-10, IL-13, tumor necrosis factor–a, and interferon-g) produced by peripheral-blood
mononuclear cells in response to soluble worm antigen preparation (SWAP), soluble egg antigen (SEA), and
control medium were measured once 4 weeks after treatment. IL-4 to SWAP and IL-10 to both SWAP and
SEA were associated with the presence of baseline fibrosis after adjustment for potential confounding variables
( , for all). In participants with fibrosis at baseline, IL-4 to SWAP and IL-5 and IL-13 to both SWAPP ! .03
and SEA were associated with persistent fibrosis at 12 months after treatment ( , for all). Males showedP ! .05
consistently stronger T helper 2 (Th2) cytokine responses to both SWAP and SEA than did females ( ,P ! .02
for all). These results suggest an independent role for Th2-biased cytokine responses to S. japonicum antigens
in persistent hepatic fibrosis and indicate that Th2 cytokines may contribute to the male-biased prevalence
of fibrosis.

Hepatic fibrosis is among the most serious conse-

quences of chronic schistosomiasis and develops in a

minority of those chronically infected. Parasite eggs

trapped in hepatic sinusoids evoke a granulomatous

inflammatory response that leads to excessive accu-

mulation of extracellular matrix proteins and, sub-

sequently, fibrosis [1, 2]. A dysregulated host immune

response, leading to an imbalance between fibrogenesis

and fibrolysis, is thought to be the main underlying

mechanism [3, 4]. Treatment with praziquantel can lead
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to the reversal of hepatic fibrosis within 7 months [5],
especially in younger subjects, although this is uncom-
mon once fibrosis is severe [6–8].

Despite the abundance of studies of the pathogenesis
of schistosomiasis-associated hepatic fibrosis, our un-
derstanding of the immunological mechanisms in-
volved remains incomplete. In both murine and human
studies, Th2 cytokines (interleukin [IL]–4, IL-5, and
IL-13) have been associated with an increased risk of
fibrosis [3, 9–11], and IL-10 is thought to play a criti-
cal immunoregulatory role [3, 12]. However, human
studies have suggested an important role for proin-
flammatory and Th1 cytokines: tumor necrosis factor
(TNF)–a and interferon (IFN)–g have been associated
with an increased and a decreased risk of fibrosis, re-
spectively [10, 12–14]. Furthermore, different cytokine
profiles may be involved in the development of fibrosis
in children, males, and females [12]. Inconsistent cri-
teria and measurement error in the diagnosis of hepatic
fibrosis as well as methodological differences in study
design, cytokine measurement, and analysis limit the
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Periportal Fibrosis in Human Schistosoma mansoni Infection Is
Associated with Low IL-10, Low IFN-!, High TNF-", or Low
RANTES, Depending on Age and Gender1

Mark Booth,2* Joseph K. Mwatha,† Sarah Joseph,* Frances M. Jones,* Hilda Kadzo,‡
Edmund Ireri,† Frances Kazibwe,§ Jovanice Kemijumbi,3§ Curtis Kariuki,¶ Gachuhi Kimani,†
John H. Ouma,† Narcis B. Kabatereine,§ Birgitte J. Vennervald,! and David W. Dunne*

Schistosoma mansoni infection is highly endemic in parts of Uganda, and periportal fibrosis is common in communities along the
shore of Lake Albert. In this study, we have identified cellular immune responses associated with fibrosis. A cohort of 199
individuals aged 6–50, resident in the village for at least 10 years or since birth, were examined for evidence of periportal fibrosis
by ultrasound using the Niamey protocol. Whole-blood samples were assayed for levels of nine cellular immune molecules (IL-3,
IL-4, IL-5, IL-10, IL-13, TNF-", IFN-!, IL-1#, and RANTES) in the absence of in vitro Ag stimulation, and after stimulation with
egg and worm Ags. A lack of Ag specificity allowed the number of variables in the analysis to be reduced by factor analysis. The
resulting factor scores were then entered into a risk analysis using a classification tree algorithm. Children, adult males, and adult
females had different factors associated with fibrosis. Most cases of fibrosis in children (eight of nine) were associated with low
(<47th percentile) IL-10 factor scores. Adult females at lowest risk had relatively high IFN-! factor scores (>83rd percentile),
whereas those at highest risk had a combination of intermediate (32nd to 83rd percentile) IFN-! and relatively high (>60th
percentile) TNF-" factor scores. Adult males at lowest risk of fibrosis had moderate TNF-" factor scores (55th to 82nd percentile),
and a high risk was associated with either high TNF-" factor scores (>82nd percentile), or intermediate TNF-" combined with
low RANTES factor scores (<58th percentile). These results demonstrate that periportal fibrosis is associated with cytokine
production profiles that vary with both age and gender. The Journal of Immunology, 2004, 172: 1295–1303.

P eriportal fibrosis of the liver is a serious consequence of
Schistosoma mansoni infection that involves remodeling
of the extracellular matrix and excessive deposition of col-

lagen, primarily by hepatic stellate cells, along the branches of the
portal tract. Disease only occurs in a proportion of infected indi-
viduals, with demographic risk factors including age, duration of
exposure, and gender (1, 2). The clinical picture is well established
(3), and some of the generic cellular and molecular mechanisms of
fibrosis have been recently described (4). Experimental murine
studies indicate that development of schistosome-associated fibro-
sis is influenced by several counterregulatory Th1- and Th2-type
cytokines, including IL-4, IL-13, TNF-!, and IFN-" (5). A pivotal
role of IL-10 in down-regulating both Th1 and Th2 responses to
schistosome Ags, and hence limiting the extent of pathology, has
also been demonstrated (6). Importantly, most experiments on an-

imal models have focused on periovular rather than periportal fi-
brosis, and the relevance of these observations may depend on
whether or not the distended lesions typical of fibrosis in humans
have the same etiology and molecular mechanisms as localized
granulomatous responses.
Although invasive experimental procedures are generally unde-

sirable and often unethical in humans, it is still possible to dem-
onstrate associations between immune responses and disease status
that may yield valuable insights into disease mechanisms. The an-
tifibrogenetic cytokine IFN-" in particular has been associated
with protection against severe portal fibrosis. A genetic study
mapped a high risk of severe hepatic fibrosis to a locus on chro-
mosome 6 close to the IFN-"R gene (7), and this was followed by
a demonstration that cases of severe portal fibrosis were associated
with low levels of IFN-" and high levels of TNF-! (8). Clues as
to the involvement of other cytokines in the etiology of fibrosis in
humans have come from studies of chronic injury in other organs.
For example, studies of human pulmonary fibrosis indicate that
fibroblasts from diseased tissue are less able to induce IL-10 pro-
duction than those from normal tissue (9). Other forms of pathol-
ogy associated with schistosome infection in humans have also
identified cytokine responses as important factors, including IL-10
and TNF-! in bladder pathology associated with Schistosoma
haematobium infections (10), and IL-5, associated with a lack of
hepatosplenomegaly attributable to S. mansoni infection (11).
In this study, the aim was to identify demographic and cytokine

responses associated with ultrasound-detectable fibrosis in a pop-
ulation heavily exposed to S. mansoni infection (2, 12, 13). Nine
cellular immune responses to three crude S. mansoni Ag prepara-
tions, as well as constitutive responses assayed in the absence of in
vitro Ag stimulation, were measured. The potential obstacle of
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José Roberto Lambertucci2‡*, Anna Mae Diehl1‡*

1 Division of Gastroenterology, Department of Medicine, Duke University Medical Center, Durham, NC,
United States of America, 2 Departamento de Clı́nica Médica, Laboratório de Doenças Infecciosas e
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Abstract

Background

Symptomatic acute schistosomiasis mansoni is a systemic hypersensitivity reaction

against the migrating schistosomula and mature eggs after a primary infection. The mecha-

nisms involved in the pathogenesis of acute schistosomiasis are not fully elucidated. Osteo-

pontin has been implicated in granulomatous reactions and in acute hepatic injury. Our

aims were to evaluate if osteopontin plays a role in acute Schistosoma mansoni infection in

both human and experimentally infected mice and if circulating OPN levels could be a novel

biomarker of this infection.

Methodology/Principal Findings

Serum/plasma osteopontin levels were measured by ELISA in patients with acute (n = 28),

hepatointestinal (n = 26), hepatosplenic (n = 39) schistosomiasis and in uninfected controls

(n = 21). Liver osteopontin was assessed by immunohistochemistry in needle biopsies of 5

patients. Sera and hepatic osteopontin were quantified in the murine model of schistosomi-

asis mansoni during acute (7 and 8 weeks post infection, n = 10) and chronic (30 weeks

post infection, n = 8) phase. Circulating osteopontin levels are increased in patients with

acute schistosomiasis (p = 0.0001). The highest levels of OPN were observed during the

peak of clinical symptoms (7–11 weeks post infection), returning to baseline level once the
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Background

Symptomatic acute schistosomiasis mansoni is a systemic hypersensitivity reaction

against the migrating schistosomula and mature eggs after a primary infection. The mecha-

nisms involved in the pathogenesis of acute schistosomiasis are not fully elucidated. Osteo-

pontin has been implicated in granulomatous reactions and in acute hepatic injury. Our

aims were to evaluate if osteopontin plays a role in acute Schistosoma mansoni infection in

both human and experimentally infected mice and if circulating OPN levels could be a novel

biomarker of this infection.

Methodology/Principal Findings

Serum/plasma osteopontin levels were measured by ELISA in patients with acute (n = 28),

hepatointestinal (n = 26), hepatosplenic (n = 39) schistosomiasis and in uninfected controls

(n = 21). Liver osteopontin was assessed by immunohistochemistry in needle biopsies of 5

patients. Sera and hepatic osteopontin were quantified in the murine model of schistosomi-

asis mansoni during acute (7 and 8 weeks post infection, n = 10) and chronic (30 weeks

post infection, n = 8) phase. Circulating osteopontin levels are increased in patients with

acute schistosomiasis (p = 0.0001). The highest levels of OPN were observed during the
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levels start to fall, reaching levels comparable to uninfected individuals 24 weeks post-infection
(Fig 1C). Receiver operating characteristics (ROC) curve analysis demonstrated that serum
OPN measurement could be a good biomarker to identify patients with symptomatic acute
schistosomiasis mansoni (Area under the curve = 0.9959; p<0.0001; 95% confidence interval
0.9848–1.007; S1 Fig). In our study population OPN serum test >23.34 can detect a symptom-
atic acute patient with 95.65% sensitivity and 95.24% specificity (Likelihood ratio = 20.09).

Immunohistochemistry demonstrated that the inflammatory cells in the necrotic-exudative
liver granulomas express OPN, especially in the macrophage (epithelioid cells) enriched area
around the egg and central necrosis (Fig 1D and S2 Fig).

Serum and hepatic osteopontin is increased in murine acute
schistosomiasis

Similar to humans, mice in the acute phase of infection also have more circulating and hepatic
OPN levels than mice in the chronic phase of infection where there is severe fibrosis (p = 0.001
vs Non-infected; p = 0.0124 vs chronic phase) (Fig 2A, 2C and 2D). OPN levels in mice also
peaked in the liver (p = 0.0001 vs non-infected; p = 0.0245 vs 6 weeks and p = 0.0104 vs 30
weeks) and serum (p = 0.0286 vs non-infected; p = 0.0286 vs 6 weeks; p = 0.0286 vs 8 weeks
and p = 0.004 vs 30 weeks) 7 weeks post-infection, at a time when the livers were enriched with
necrotic-exudative granulomas and inflammatory cells (Fig 2B, 2C and 2D). During the acute

Fig 1. Sera and hepatic osteopontin are upregulated in human acute schistosomiasis mansoni. A) ELISA for osteopontin in the plasma of uninfected
controls (NI, n = 21) and schistosomiasis patients with Acute (n = 3), hepatointestinal (n = 26) and hapatosplenic (n = 39) forms of disease. B) ELISA for
osteopontin in the serum of uninfected controls (n = 21) and patients with acute schistosomiasis mansoni (n = 28). C) ELISA for osteopontin in the serum of
uninfected controls (NI, n = 21) and patients with acute schistosomiasis mansoni (n = 28) grouped by weeks post infection. Medians are displayed; Mann-
Whitney U test: #p<0.05, ##p<0.01, ###p<0.001, ####p<0.0001 vs uninfected controls; *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. D)
Immunohistochemistry for osteopontin in liver needle biopsy fragment of a representative subject with acute schistosomiasis mansoni (10 weeks post
infection). Final magnification 100x, 200x and 400x.

doi:10.1371/journal.pntd.0005057.g001

Osteopontin in Acute Schistosomiasis Mansoni
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M A J O R A R T I C L E

Th2 Cytokines Are Associated with Persistent Hepatic
Fibrosis in Human Schistosoma japonicum Infection

H. M. Coutinho,1,3 L. P. Acosta,7 H. W. Wu,1 S. T. McGarvey,2,3 L. Su,4 G. C. Langdon,1 M. A. Jiz,7 B. Jarilla,7

R. M. Olveda,7 J. F. Friedman,1,5 and J. D. Kurtis1,6

1Center for International Health Research, Rhode Island Hospital, and 2Epidemiology Section, 3Department of Community Health and International
Health Institute, and 4Center for Statistical Sciences, Brown University, and Departments of 5Pediatrics and 6Pathology and Laboratory Medicine,
Brown University Medical School, Providence, Rhode Island; 7Research Institute of Tropical Medicine, Manila, the Philippines

We conducted a prospective cohort study in Leyte, the Philippines, among 611 Schistosoma japonicum–infected
participants 7–30 years old, all of whom were treated with praziquantel at baseline. To detect hepatic fibrosis,
abdominal ultrasound was performed at baseline and 12 months after treatment. Stool for assessment of S.
japonicum infection was collected at baseline and at 3, 6, 9, and 12 months after treatment. Cytokines (in-
terleukin [IL]–4, IL-5, IL-10, IL-13, tumor necrosis factor–a, and interferon-g) produced by peripheral-blood
mononuclear cells in response to soluble worm antigen preparation (SWAP), soluble egg antigen (SEA), and
control medium were measured once 4 weeks after treatment. IL-4 to SWAP and IL-10 to both SWAP and
SEA were associated with the presence of baseline fibrosis after adjustment for potential confounding variables
( , for all). In participants with fibrosis at baseline, IL-4 to SWAP and IL-5 and IL-13 to both SWAPP ! .03
and SEA were associated with persistent fibrosis at 12 months after treatment ( , for all). Males showedP ! .05
consistently stronger T helper 2 (Th2) cytokine responses to both SWAP and SEA than did females ( ,P ! .02
for all). These results suggest an independent role for Th2-biased cytokine responses to S. japonicum antigens
in persistent hepatic fibrosis and indicate that Th2 cytokines may contribute to the male-biased prevalence
of fibrosis.

Hepatic fibrosis is among the most serious conse-

quences of chronic schistosomiasis and develops in a

minority of those chronically infected. Parasite eggs

trapped in hepatic sinusoids evoke a granulomatous

inflammatory response that leads to excessive accu-

mulation of extracellular matrix proteins and, sub-

sequently, fibrosis [1, 2]. A dysregulated host immune

response, leading to an imbalance between fibrogenesis

and fibrolysis, is thought to be the main underlying

mechanism [3, 4]. Treatment with praziquantel can lead
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to the reversal of hepatic fibrosis within 7 months [5],
especially in younger subjects, although this is uncom-
mon once fibrosis is severe [6–8].

Despite the abundance of studies of the pathogenesis
of schistosomiasis-associated hepatic fibrosis, our un-
derstanding of the immunological mechanisms in-
volved remains incomplete. In both murine and human
studies, Th2 cytokines (interleukin [IL]–4, IL-5, and
IL-13) have been associated with an increased risk of
fibrosis [3, 9–11], and IL-10 is thought to play a criti-
cal immunoregulatory role [3, 12]. However, human
studies have suggested an important role for proin-
flammatory and Th1 cytokines: tumor necrosis factor
(TNF)–a and interferon (IFN)–g have been associated
with an increased and a decreased risk of fibrosis, re-
spectively [10, 12–14]. Furthermore, different cytokine
profiles may be involved in the development of fibrosis
in children, males, and females [12]. Inconsistent cri-
teria and measurement error in the diagnosis of hepatic
fibrosis as well as methodological differences in study
design, cytokine measurement, and analysis limit the
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1. Sensitive-
2. Specific-
3. Measurable	in	DBS
4. Responsive	to	treatment-
5. Commercially	available	at	the	point-of-

care
6. Low-cost	
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Biomarkers	for	Urogenital	Schistosomiasis	
(S.haematobium)



Biomarkers	for	S.	haematobiummorbidities

Urinary	tract	bleeding	and	
protein	loss
Cystitis,	ureteritis
Bladder	polyposis
Genital	inflammation	and	contact	
bleeding
Female	Genital	lesions	(sandy	
patches,	rubbery	papules)
Hydroureter,	hydronephrosis
Secondary	infection
Bladder	cancer

Dysuria,	dyspareunia
Anemia
Sub-fecundity
Exercise	intolerance
Reduced	QoL
Stunting
Cognitive	impairment
Poor	school	performance
Loss	of	earnings
Death

More	Acute

More	Chronic
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Anatomical Functional
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MORBIDITY	DUE	TO	INFLAMMATION		(Urinary	tract)
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Eggs Data	from	Andrade,	et	al.,	PLOS	NTDs	2017

1. Sensitive-
2. Specific-
3. Measurable	in	urine	
4. Responsive	to	treatment-
5. Commercially	available	at	the	

point-of-care
6. Low-cost	
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IMMUNE	BIOMARKERS		OF	BLADDER	DISEASE	

1. Sensitive-
2. Specific-
3. Measurable	in	DBS
4. Responsive	to	treatment-
5. Commercially	available	at	the	point-

of-care
6. Low-cost	

Wamachi,	et	al.,	J	Infect	Dis	2004

The	IL-10	to	TNF	balance	determines	
the	likelihood	of	disease



Biomarkers	for	male	genital	
schistosomiasis
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In	44	men	in	Madagascar

v Detection	of	Schistosoma	haematobium eggs	in	43%	of	semen
samples	with	increased	levels	of	eosinophil	cationic	protein

v suggests	that	the	genital	organs	of	men	are	frequently
affected	with	schistosomiasis.

Leutcher et	al,	Lancet	2000
Leutcher et	al,	AJTMH,	2008

1. Sensitive-
2. Specific-
3. Measurable	in	semen	and	urine
4. Responsive	to	treatment- ??
5. Commercial/point-of-care-
6. Low-cost	

Correlations	with	MGS
vSEA		and	ECP	in	semen
vCAA	in	plasma
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Biomarkers	for	Female	Genital	Schistosomiasis

Inflammation
Mucosal	friability

FGS	lesions Increased	HIV	Acquisition
Poor	Reproductive	Health

v 30	%	correlation	with	Urine	egg	detection
v 67%	stivity/	83	%	spp of	Sh PCR	in	Vaginal	
lavage

Clinical	staging
Clinical	monitoring

Response	to	treatment
Kjetland et	al,	AJTMH,	2009	;Kleppa et	al,	PlosOne,2014,	Midzi et	al,	Parasite	Imm,	2003	

vCorrelation	with	CAA	?				
(BILHIV	study	in	Zambia)	

Pro-inflammatory	cytokines	?v CD14	
v CD4	CCR5	+v ECP
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Biomarkers	for	Female	Genital	Schistosomiasis

Inflammation
Mucosal	friability

FGS	lesions Increased	HIV	Acquisition
Poor	Reproductive	Health

v 30	%	correlation	with	Urine	egg	detection
v 67%	stivity/	83	%	spp of	Sh PCR	in	Vaginal	
lavage

Clinical	staging
Clinical	monitoring

Response	to	treatment
Kjetland et	al,	AJTMH,	2009	;Kleppa et	al,	PlosOne,2014,	Midzi et	al,	Parasite	Imm,	2003	

vCorrelation	with	CAA	?				
(BILHIV	study	in	Zambia)	

Pro-inflammatory	cytokines	?v CD14	
v CD4	CCR5	+v ECP

1. Sensitive-
2. Specific-
3. Measurable	in	genital	sample
4. Responsive	to	treatment-
5. Commercial/point-of-care-
6. Low-cost	



SUMMARY
ØThere	is	no	‘perfect’	biomarker,	it	all	depends	on	where	it	needs	to	perform	(control	
programmes vs	clinical	practice)
ØGood	to	aim	for	a	biomarker	that	could	be	a	morbidity	test-of-cure	(different	from	
infection!)
ØHemacue is	a	winner	for	all	types	of	schistosomiasis
ØIntestinal	schistosomiasis
1. Hb,	FOB,	Calprotectin
2. LPS,	MOP,	Neopterin,	EndoCAb,	IL-6,	CRP,alfa-1	acid	glycoprotein,	Urine	Lactose/Mannose	ratio,	

Stool	REG-1B,	I-FABP,Stool Alfa-1	antitripsine
3. Liver	fibrosis	markers- research	context

ØUrogenital	schistosomiasis
1. Hemastick
2. NEEDS	URGENT	RESEARCH	to	find	MGS	and	FGS	good	and	affordable	markers	of	disease	from	

genital	samples

GSA	MEETING,	NEW	ORLEANS,	OCTOBER	29TH,	2018



Thank	you!
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https://www.lshtm.ac.uk/node/76621

https://www.lshtm.ac.uk/research/centres-projects-groups/pip-
trial


