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Background. Schistosomes infect 200 million individuals annually and cause significant hepatic fibrosis in up

to 20%. Little is known regarding the mechanisms of schistosome-associated hepatic fibrosis in humans, and few

biomarkers for risk of fibrosis have been identified.

Methods. We treated 611 Schistosoma japonicum–infected Filipinos with praziquantel (PZQ) and performed

ultrasound to quantify hepatic fibrosis at baseline and 12 months after PZQ treatment. We developed a multiplexed

assay (FibroPlex) that quantifies predictors and effect modifiers of fibrosis. We measured FibroPlex analytes

produced by peripheral blood mononuclear cells stimulated with schistosome egg antigen 4 weeks after PZQ

treatment and related these levels to risk of fibrosis 1 year after PZQ treatment.

Results. After adjusting for potential confounders, including baseline grade of fibrosis, individuals with

detectable tissue inhibitor of matrix-metalloprotease–1 (TIMP-1) had a 3.5-fold greater risk of fibrosis 1 year after

PZQ treatment, compared with individuals with undetectable levels (odds ratio, 3.48; 95% confidence interval,

1.41–8.43; P 5 .007).

Discussion Because TIMP-1 inhibits most matrix metalloproteases, which are responsible for collagen

degradation, these data suggest that schistosome-associated hepatic fibrosis results, in part, from excessive

inhibition of collagen remodeling. These data further suggest that TIMP-1 is a promising biomarker for assessing

risk of hepatic fibrosis in schistosomiasis and, potentially, other infectious and noninfectious causes of liver disease.

Schistosomiasis currently affects .250 million people

per year worldwide [1] and results in 1.53 million

disability-adjusted life years lost per annum [2]. A recent

reassessment of the global burden of schistosomiasis

suggests that the actual health burden is 4–30 times

greater than the previous World Health Organization

(WHO) estimate [3, 4]. Despite the availability of

chemotherapy with praziquantel, hepatic fibrosis

remains among the most serious sequelae of chronic

schistosome infection, occurring in up to 20% of

infected individuals [5].

Hepatic fibrosis is considered to be a wound healing

response characterized by persistent tissue damage, ac-

tivation of multiple cell types that produce extracellular

matrix (ECM), culminating in tissue scarring, loss of

normal parenchyma, and eventually, organ failure [6].

Animal and human studies have attributed schistosome-

associated fibrosis to the T-helper 2 (Th2) immune re-

sponse induced by egg antigens trapped in sinusoidal

spaces [7–9]. Activated lymphocytes and macrophages

produce profibrotic cytokines (IL-13, TGFb-1), che-

mokines, growth factors (TGFb-1, EGF), and molecules

that regulate ECM turnover, such as matrix metal-

loproteases (MMPs) and their inhibitors, the tissue
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inhibitors of matrix-metalloproteases (TIMPs) [10, 11].

Whether fibrosis results from increased synthesis of ECM, de-

creased degradation of ECM, or a combination of both has not

been clearly established, although the TIMP:MMP ratio may

determine the net balance of ECM turnover [12, 13].

Many studies have investigated the pathophysiology of

schistosomiasis-associated hepatic fibrosis; however, the im-

munological mechanisms involved in human fibrosis 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 [7, 14–16], and IL-10 is thought to

play a critical immunoregulatory role [14, 17]. In contrast to

animal models, human studies have shown that tumor necrosis

factor (TNF)–a and interferon (IFN)–c are associated with in-

creased and decreased risk of fibrosis, respectively [15, 17–20].

The roles of the MMP:TIMP axis in human schistosome in-

fection remains unclear [21].

In previous studies, we demonstrated that high levels of IL-

5 and IL-13 produced by peripheral blood mononuclear cells

(PBMCs) stimulated with schistosome egg antigens (SEAs)

were associated with persistent fibrosis in a cohort of 611

Schistosoma japonicum–infected individuals [7]. To better

understand the pathogenesis of S. japonicum–associated

hepatic fibrosis, we measured multiple predictors and modi-

fiers of fibrosis in this same cohort of individuals and analyzed

their relationship to risk of fibrosis 1 year after treatment with

praziquantel (PZQ).

METHODS

Study Site and Population
Study subjects participated in a longitudinal treatment-

reinfection study conducted in 3 rice-farming villages in

Leyte, the Philippines, where S. japonicum is endemic and ma-

laria is not endemic. These villages participate in the annual

mass chemotherapy program of the Philippine Department of

Health; however, multiple factors have resulted in suboptimal

participation in this program. In total, 1262(74.3%) of 1699

individuals aged 7–30 years who resided in the study villages

were screened for the presence of S. japonicum infection by

duplicate examination of 3 stool samples before enrollment. The

prevalence of infection with S. japonicum among persons in

this age range was 60.0%. Subjects were eligible if they were

infected with S. japonicum, lived primarily in a study village,

were aged 7–30 years, were not pregnant or lactating, had no

severe fibrosis (grade II or III) assessed by ultrasound exami-

nation, did not have severe wasting (defined as body mass index

less than the third percentile of a reference population of same

age and sex derived from the US National Health & Anthro-

pometric Examination Survey) or severe anemia (hemoglobin

level ,7 g/dL), and provided both child assent and parental

consent or adult consent if .18 years of age. Individuals with

severe fibrosis were ineligible because of the lengthy follow-up

period and were referred for intensive antihelminthic treatment.

Six hundred eleven enrolled participants were treated with

PZQ (60 mg/kg in a split dose) at baseline. Socioeconomic status

was measured by questionnaire, and water contact was

measured by direct observation, as described elsewhere [22, 23].

The study was approved by the Institutional Review Boards of

Brown University and The Philippines Research Institute

of Tropical Medicine. All S. japonicum–reinfected subjects

were treated at 18 months follow-up, after completion of the

longitudinal study.

Stool Examination
At baseline and 3, 6, 9, and 12 months after treatment, egg

counts were determined by duplicate examination of 3 consec-

utive stool specimens obtained from each study participant by

the Kato Katz method. Stool samples negative for S. japonicum

eggs after documented reinfection were considered to be

misclassified and were imputed using the last value carried

forward method [24]. Intermittent missing stool samples were

imputed using the same method [24]. Cumulative egg count

after treatment was defined as the sum of egg counts at 3, 6, 9,

and 12 months follow-up. Intensity of infection was determined

using WHO criteria; low, moderate, and high intensity

infections were defined as 1–99, 100–399, and >400 epg,

respectively [25].

Ultrasound Evaluation
At baseline and 12 months follow-up, study subjects were

evaluated by ultrasound by 2 observers (JDK and RMO) using

a EUB-200 device with a 3.5-Mhz probe (Hitachi). Both

observers were blinded to the FibroPlex results of participants.

Liver span was measured as size of the left liver lobe in centi-

meters in the right parasternal line. Reference measurements for

liver and spleen size among healthy Filipinos are not available;

therefore, height-specific normal values from a healthy Chinese

population were used [26]. Hepatomegaly was defined as .2

standard deviations (SDs) above the mean. Grading of hepatic

fibrosis was based on a modification of the grading system

described by Doehring-Schwerdtfeger et al [27]. Severe fibrosis

(grade II or III) was an exclusion criterion for participation

in the study; thus, only subjects with no or grade I fibrosis

were included at baseline. Persistent fibrosis was defined as

presence of fibrosis both at baseline and at follow-up. Reversible

fibrosis was defined as presence of fibrosis at baseline, but not at

follow-up.

PBMC Collection and S. japonicum Antigens
Four weeks after treatment, venipuncture was performed and

blood samples were collected in Vacutainer tubes (Becton

Dickinson) containing heparin as anticoagulant. PBMCs were

isolated and placed in culture within 4 h after collection, as

described elsewhere [23]. SEA was prepared as described
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elsewhere [28, 29]. PBMCs were stimulated with SEA,

phytohemagglutinin (PHA), and control media, as described

elsewhere [23]. All samples produced detectible IFN-c in

response to PHA.

Multiplexed Fibrosis Assays
Our multiplexed fibrosis assay (FibroPlex) was performed on

culture supernatants by means of a multiplexed bead-based

platform and custom assay kits. The FibroPlex is composed of

a 7-plex sandwich format and a 1-plex (TGF-b1) sandwich as-

say. The 1 plex is not multiplexed, because the samples for TGF-

b1 must be acid-activated before analysis.

For the 7-plex and 1-plex sandwich components, 500 lg of

detection antibody (TGF-b1, TIMP-1, MIP-1a, IL-13Ra2,

BMP-7 [R&D]; CTGF [PetroTech]; MMP-1 [Abcam]; and IL-

13 [BD Pharmingen]) was coupled to 6.25 3 107 microspheres

from unique bead regions, according to the manufacturer’s

(Luminex) instructions. Beads were pooled as a single lot, ly-

ophilized in single-use aliquots, and stored at -80�C. Standards

were pooled as a single lot at appropriate concentrations, were

aliquoted into single-use tubes, were lyophilized, and were

stored at 280�C. Biotinylated detection antibodies were pooled

as a single lot into single-use aliquots, were lyophilized, and

were stored at 280�C. Custom (all analytes) controls were

pooled into single-use aliquots, were lyophilized, and were

stored at 280�C.

The FibroPlex kit demonstrates ,10% median interanalyte

interference, and the median intraassay coefficient of variation,

as assessed by 28 replicate serum controls, was 18%. The mean

(standard error of the mean) for the 28 replicate serum controls

was 4975 (131.0) pg/mL for TIMP-1, 493 (10.3) pg/mL for MIP-

1a, 563 (38.9) pg/mL for IL-13Ra2, 1062 (42.3) pg/mL for

BMP-7, 458 (15.5) pg/mL for CTGF, 765 (24.5) pg/mL for

MMP-1, and 229 (8.0) pg/mL for IL-13; TGF-b1 was not tested.

The lower limit of detection was 2.6 pg/mL for TIMP-1, 1.97 pg/

mL was MIP-1a, 4.82 pg/mL for IL-13Ra2, 30.6 pg/mL for

BMP-7, 1.4 pg/mL for CTGF, 1.75 pg/mL for MMP-1, 2.4 pg/

mL for IL-13, and 1.86 pg/mL for TGF-b1.

All specimen identification and pipetting was performed by

a bar-code-enabled, high-speed pipetting robot (Tecan). For

each sample, values for PBMCs stimulated with media alone

were subtracted from the values for PBMCs stimulated with

SEA.

Hepatitis B
The prevalence of detectible hepatitis B surface antigen was

measured in plasma with use of an enzyme-linked immuno-

sorbent assay–based method (Shangai Kehua Biotech) according

to manufacturer’s instructions. Results were read as negative or

positive. Vaccination with hepatitis B vaccine is not available in

the study area; therefore, a positive test result indicates infection

with hepatitis B virus [30].

Statistical Analyses
S. japonicum egg counts and FibroPlex results were loge trans-

formed to produce more normal distributions. FibroPlex results

were analyzed as both continuous and categorical variables.

FibroPlex results were analyzed dichotomously (detectible vs not

detectible) if ,25% of the subjects had responses greater than

the detection threshold (TIMP-1) or as tertiles of their distri-

bution (all other analytes). Multivariate linear and logistic re-

gression models were used to evaluate the relationship between

FibroPlex analytes and liver span and grade of fibrosis 1 year

after PZQ treatment. Potential confounders were selected on the

basis of known determinants of fibrosis and results of bivariate

analyses.

Models evaluating liver span 1 year after PZQ treatment were

adjusted for baseline liver span, sex, socioeconomic status, cu-

mulative water contact, egg counts at baseline and 1 year after

treatment, height, and hepatitis B antigenemia. Models evalu-

ating fibrosis 1 year after PZQ treatment were adjusted for

baseline grade of liver fibrosis, sex, age, socioeconomic status,

cumulative water contact, egg count at baseline and 1 year after

treatment, and hepatitis B antigenemia. All analyses were per-

formed in JMP, version 8 (SAS Institute)

RESULTS

Descriptive Characteristics
Table 1 presents the characteristics of all the participants at the

beginning of the study (n 5 611) and of those who were

available for ultrasound at 12 months of follow-up. At baseline,

Table 1. Descriptive characteristics of cohort at baseline and at
12 months after praziquantel treatment

Variable Baseline 12 months

Sample size 611 438

Age, years, mean (95% CI) 15 (14.5–15.4) 16

Female sex, % 36 36

Prevalence of Schistosoma
Japonicum

100 82.6

S. japonicum intensity, %

Low 70.5 66.1

Moderate 23.6 12.6

High 5.9 3.9

Prevalence of fibrosis, % (no) 7 (41) 20 (89)

Mild 100 (41) 88.8 (79)

Moderate 10.1 (9)

Severe 1.1 (1)

Liver span, cm,a mean (95% CI) 7.14 (7.05–7.22) 6.94 (6.83–7.05)

Prevalence of HBsAg, % (no) 11.9

NOTE. Abbreviations: CI, confidence interval; HsAg, Hepatitis B Surface

antigen.
a Liver size measured by ultrasound as size of the left liver lobe in cm in the

right parasternal line.
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sex, age, baseline liver span and fibrosis, and mean egg count

were not significantly different between those who completed

follow-up at 12 months (438 [71.5%]) and those who were lost

to follow-up (173 [28.5%]; all P values were not statistically

significant). Because of the eligibility criteria, at baseline, the

prevalence of infection was 100% and all cases of fibrosis (7%)

were classified as mild. At follow-up, the prevalence of fibrosis

had increased to 20%, with 10.1% graded as moderate and 1.1%

graded as severe fibrosis. The prevalence of reinfection at

12 months after treatment was 82.6%. Figure 1 presents the

SEA-specific levels of FibroPlex analytes in PBMC culture

supernatants.

IL-13 Predicts Decreased Liver Span 1 Year after PZQ Treatment
In previous work in this same cohort, we demonstrated that high

levels of IL-5 and IL-13 produced by PBMCs stimulated with

SEA were associated with persistent fibrosis in individuals with

fibrosis at baseline, independent of intensity of infection and

reinfection [7]. Because scarring is accompanied by wound

contracture, hepatic fibrosis is often associated with loss of he-

patic volume [31]. We therefore evaluated whether profibrotic,

Th2 cytokines produced by PBMCs would predict liver span

measured by ultrasound at 12 months of follow-up. SEA-specific

IL-13 level was a significant predictor (b 5 2.064; P 5 .003) of

decreased liver span 12 months after PZQ treatment, even after

adjusting for important predictors of liver span, including

baseline liver span, sex, socioeconomic status, cumulative water

contact, egg count at baseline and 1 year after treatment, height,

and hepatitis B antigenemia. When analyzed as tertiles, in-

dividuals with high IL-13 levels had liver spans that were .31-cm

smaller 12 months after PZQ treatment than did individuals

with low IL-13 levels, after adjusting for the same confounders

(P 5 .02) (Figure 2).

TIMP-1 Predicts Increased Hepatic Fibrosis 1 Year after PZQ
Treatment
We evaluated the relationships between multiple measures of

collagen metabolism and risk of future hepatic fibrosis with use

of multiple linear regression models to adjust for known de-

terminants of hepatic fibrosis. We measured TIMP-1, MMP-1,

BMP-7, TGFb-1, IL-13Ra2, and CTGF levels in culture super-

natants from PBMCs obtained 4 weeks after PZQ treatment that

Figure 1. Concentration of FibroPlex analytes in culture supernatants from peripheral blood mononuclear cells (PBMCs; 542–556) stimulated with
schistosome egg antigens (SEAs). Analyte concentrations of SEA-stimulated wells after subtraction of value in wells stimulated with media alone are
shown. Box plots indicate medians (center lines), 75th percentiles (boxes), and 90th percentiles (bars).
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stimulated with SEA or media alone. No significant correlation

was found between SEA-specific levels of TGFb-1, CTGF, BMP-

7, or MMP-1 in PBMC culture supernatants and prevalence of

fibrosis at 12 months after PZQ treatment.

However, SEA-specific TIMP-1 level was a significant pre-

dictor of the presence of hepatic fibrosis 12 months after PZQ

treatment, even after adjusting for important predictors of he-

patic fibrosis, including baseline grade of hepatic fibrosis, sex,

age, socioeconomic status, cumulative water contact, egg count

at baseline and 1 year after treatment, and hepatitis B anti-

genemia (P 5 .004). Individuals with detectible TIMP-1 in

culture supernatants from SEA-stimulated PBMCs had a 3.5-

fold higher risk of fibrosis at 12 months of follow-up, compared

with individuals with undetectable TIMP-1 levels after adjusting

for the same confounders (odds ratio, 3.48; 95% confidence

interval, 1.41–8.43; P 5 .007) (Figure 3).

DISCUSSION

In the present study, we evaluated the relationship between

modulators of collagen metabolism produced in response to

S. japonicum egg antigens and risk of hepatomegaly and hepatic

fibrosis measured 1 year after PZQ treatment in children, ado-

lescents, and young adults. The goals of this work were to

identify the mechanisms of human fibrosis in S. japonicum and

potential noninvasive biomarkers for assessing fibrosis risk.

Schistosome-associated fibrosis in humans is associated with

Th2 cytokine responses to egg antigens measured in PBMCs

[7, 16]. Because fibrosis may result from imbalance in collagen

secretion and degradation [13], in the current study, we ex-

plored the relationship between S. japonicum–induced modu-

lators of collagen metabolism and risk of hepatomegaly and

fibrosis 1 year after PZQ treatment. To evaluate multiple

measures of collagen metabolism, we developed a multiplexed,

sandwich-based immunoassay (Fibroplex) that measured

TGF-b1, IL-13Ra2, IL-13, MIP-1 a, CTGF, BMP-7, TIMP-1,

and MMP-1.

TGF-b1 is a potent profibrotic cytokine that promotes hepatic

stellate cell activation, upregulates TIMPs, and down-modulates

MMPs [11, 13, 32]. IL-13Ra2 is a soluble IL-13 receptor initially

described as an inhibitor of IL-13 (decoy receptor) [11]; how-

ever, in the presence of TNF-a, IL-13Ra2 may promote fibrosis

[33]. IL-13 is a Th2 cytokine that promotes alternative activation

of macrophages, induces TGF-b1 production [11, 34, 35], and is

associated with fibrosis in schistosome-infected individuals

[7, 16]. MIP-1a is chemotactic for monocytes and is associated

with pulmonary fibrosis [11]. BMP-7 is a natural TGF-b1 an-

tagonist [34], and CTGF enhances TGF-b1 signaling by in-

hibiting BMP-7 [34]. MMP-1 is a protease that degrades

collagen I and III and is inhibited by TIMP-1.

Fibrotic livers are often smaller than normal livers because

of volume loss that accompanies replacement of normal

Figure 3. TIMP-1 produced in response to Schistosoma japonicum egg
antigen predicts fibrosis 1 year after praziquantel (PZQ) treatment.
Peripheral blood mononuclear cells (PBMCs) from S. japonicum–infected
individuals aged 7–30 years, collected at 1 month after PZQ treatment,
were stimulated with egg antigen, and FibroPlex analytes were measured
in supernatants with a multiplexed assay. Antigen-specific TIMP-1 levels
(evaluated as detectable or not detectable) were analyzed for their
relationship with hepatic fibrosis measured by ultrasound 1 year after
PZQ treatment. Potential confounders included baseline grade of liver
fibrosis, age, socioeconomic status, cumulative water contact, egg count
at baseline and 1 year after treatment, and hepatitis B antigenemia.
Results presented are stratified by sex. Error bars represent 95%
confidence intervals.

Figure 2. IL-13 responses to Schistosoma japonicum egg antigen
predicts decreased liver span 1 year after praziquantel (PZQ) treatment.
Peripheral blood mononuclear cells (PBMCs) from S. japonicum–infected
individuals aged 7–30 years were collected 1 month after PZQ treatment,
stimulated with egg antigen or media; FibroPlex analytes were measured
in supernatants with a multiplexed assay. Antigen-specific cytokine levels
were evaluated for their relationship with liver span measured by
ultrasound in right parasternal line. Potential confounders included
baseline liver span, sex, socioeconomic status, cumulative water contact,
egg counts at baseline and 1 year after treatment, height, and hepatitis B
antigenemia. Error bars represent standard error of the mean.
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parenchyma by scar tissue with subsequent wound contraction

[31]. In the same cohort as that used in the current study, we

previously demonstrated that high IL-13 production in re-

sponses to SEA predicted persistent fibrosis 1 year after PZQ

treatment in S. japonicum–infected individuals with fibrosis at

baseline [7]. Here, we show that high levels of IL-13 are asso-

ciated with decreased liver span 1 year after treatment after

adjusting for important confounders of liver span including age,

height, sex, socioeconomic status, baseline liver span, baseline

S. japonicum intensity, S. japonicum intensity 1 year after PZQ

treatment, prevalence of Hepatitis B Surface antigen (HBsAg),

and cumulative water contact measured during the follow-up

period. These data indicate that liver span is influenced by

heterogeneity in an individual’s cytokine response to egg anti-

gens, not just the presence and intensity of eggs per se. Although

the absolute liver span differed by only .31 cm between the high

and low IL-13 groups, we note that this represents a change from

baseline over a relatively short interval and assessment of its

clinical significance requires longer follow-up. We did not detect

any correlation between TGF-b1 levels and liver span, which

may reflect difficulties in measuring active TGF-b1 versus in-

active TGF-b1 [36], or the possibility that IL-13 acts in-

dependently of TGF-b1 in inducing liver fibrosis as reported in

murine S. mansoni infection [36].

Advanced hepatic fibrosis is relatively hypocellular, support-

ing the hypothesis that extensive scarring results from low levels

of MMPs [37]. However, after adjusting for baseline fibrosis and

other confounders, we did not detect a relationship between

MMP-1 production by SEA-stimulated PBMCs and risk of fi-

brosis 1 year after PZQ treatment. In contrast, we detected

a strong relationship between TIMP-1 levels and risk of fibrosis.

Individuals whose PBMCs made detectible TIMP-1 in response

to SEA stimulation had a 3.5 fold (P , .007) higher risk of

fibrosis 1 year after PZQ treatment, compared with individuals

with undetectable TIMP-1 levels. These data suggest that

schistosome-associated fibrosis results from excessive inhibition

of collagen remodeling through TIMP-1 and may reflect defects

in trafficking of MMP producing PBMCs to the liver. In addi-

tion to inhibiting MMPs, TIMP-1 has anti-apoptotic and pro-

liferative effects on fibroblasts, which may account, in part, for

their profibrotic role in schistosome infection [38]. We are

currently designing assays to measure the soluble products of

collagen deposition and subsequent degradation to further parse

the roles of MMPs and TIMPs in our cohort.

TIMP-1 gene expression peaks at the fibrotic stage of

S. mansoni infection in mice [39], and fibrosis regression in

response to PZQ therapy is associated with a dramatic decrease

in the levels of TIMP-1 [12]. The relationship between increased

levels of TIMP-1 and fibrosis has been demonstrated in several

animal models and in cirrhotic human liver [40, 41]. In contrast,

S. mansoni–infected TIMP-1 and -2 knockout mice did not

differ in granuloma volume or hydroxyproline content,

compared with wild-type mice [42], and reconciling these dis-

parate results remains a priority. In contrast to our IL-13 results,

we did not detect a significant relationship between TIMP-1

levels and liver span. This discordance may reflect differences in

the kinetics of loss of hepatic parenchyma (a late finding) with

collagen accumulation (an early finding).

The reinfection rate in our cohort was high, with .80% re-

infected by 12 months after PZQ treatment. At baseline, 7% of

our enrolled cohort had hepatic fibrosis, which increased to 20%

1 year after PZQ treatment. Seventy-three (17.6%) of 414 in-

dividuals without fibrosis at baseline and 16 (53.3%) of 30 in-

dividuals with grade 1 fibrosis at baseline had detectible hepatic

fibrosis 1 year after PZQ treatment. These results are concordant

with the rapid development of hepatomegaly in newly infected

individuals [43]. This alarming increase in the prevalence of

fibrosis despite effective annual treatment requires further study

to determine the optimal interval for PZQ treatment in areas of

high transmission and supports efforts to develop biomarkers

of fibrosis risk to target individuals for more frequent anti-

schistosomal treatment.

In our study, TIMP-1 predicted risk of liver fibrosis after

controlling for important confounders, highlighting the impact

of heterogeneity of the host’s immune response on fibrosis.

Specifically, by adjusting for intensity of reinfection and water

contact exposure, our analyses highlight the importance of host-

specific immune responses that are independent of infection

intensity. Others have previously documented the effect of host

genome on fibrosis with polymorphisms in CTGF, IFN-c,

IFN-c receptor, IL-13, and specific MHC II alleles being

associated with increased risk of fibrosis [44-47]. We are cur-

rently examining the role of polymorphisms in the promoter

regions of TIMP and MMP genes in predicting risk of fibrosis

[48].

Several study limitations should be addressed. First, we only

measured FibroPlex analytes at a single time point; therefore, we

cannot make inferences regarding the impact of PZQ treatment

on these factors. Second, we did not measure other potential

causes of hepatic fibrosis in our population, such as prevalence

of hepatitis C virus infection or detailed measures of alcohol

ingestion. The prevalence of hepatitis C virus infection in the

general Filipino population has been reported as ,1% [49] and,

therefore, was not investigated in our cohort. The reported

prevalence of hepatitis B virus infection is higher in the

Philippines (.4% [49]), with a HBsAg prevalence of 11.9% in

our cohort. Of importance, HBsAg was not related to liver span

or liver fibrosis in any of our analyses. A recent WHO survey

reported a prevalence of heavy drinking of 1.1% in Filipinos

aged >18 years [50]. Because the mean age in our study sample

was 15 years, alcohol remains an unlikely contributor to fibrosis

among our participants.

A significant limitation to understanding fibrosis in human

schistosome infection remains the relative inaccessibility of
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human liver tissue for study. We sampled and analyzed PBMCs

based on the observation that recruitment of monocytes to the

liver with their subsequent differentiation in macrophages se-

creting pro-fibrotic mediators and in fibroblasts is central to the

process of hepatic fibrosis [32]. This sampling limitation fails to

measure the contribution of hepatic stellate cells, a major source

of myofibroblasts in the liver. Despite this limitation,

we detected a significant role for TIMP-1 production by

SEA-stimulated PBMCs in predicting risk of hepatic fibrosis.

Dissecting the immunologic network promoting schistosome-

associated hepatic fibrosis remains daunting because of the

complexity of the populations studied, the limited opportunity

to perform multiple experiments, and the relative inaccessibility

of relevant tissue samples. Despite these difficulties, the goal of

identifying biomarkers of fibrosis risk remains critical because of

the high prevalence of fibrosis despite effective treatment. We are

currently evaluating the performance characteristic of serum

measures of the TIMP-MMP axis as a step toward identifying

patients at greatest risk of hepatic fibrosis.
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