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Abstract
Using a sensitive transgenic reporter mouse system and in vivo biophotonic imaging techniques, we
present a dynamic analysis of eosinophil responses to schistosome infection. Use of this methodology
provided previously unattainable detail on the spatial and temporal distribution of tissue eosinophilia
and eosinopoietic responses to schistosome worms and eggs. Dramatic hepatic and intestinal
eosinophilia in response to the deposition of schistosome eggs, with accompanying eosinopoiesis in
the bone marrow, was observed between weeks 8 and 10 p.i., with subsequent downregulation evident
by week 11. Contrary to expectations, we also demonstrate that schistosome parasites themselves
induce significant intestinal eosinophilia and eosinopoiesis in the bone marrow at very early stages
during prepatent infection.
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1. Introduction
In view of the biological diversity of parasitic helminths, from platyhelminths to nematodes,
these infectious agents are remarkably predictable in their ability to induce CD4+ T helper
lymphocytes (TH cells) to mount type 2 T helper (TH2) cell responses, characterised by the
production of the type 2 cytokines IL-4, IL-5 and IL-13. Consequently, peripheral blood and
tissue eosinophilia, driven by IL-5 production, are hallmarks of helminth infection in mammals.
A key component of the TH2 response, IL-5 promotes eosinophilia by stimulating eosinophil
differentiation in the bone marrow (eosinopoiesis) and by mediating eosinophil activation
(Roboz and Rafii, 1999). In the context of blood fluke infections, the role of IL-5 in eosinophil
responses is underlined by the observation that eosinophilia is significantly reduced in
schistosome-infected mice treated with neutralising anti-IL-5 antibodies (Sher et al., 1990) and
in schistosome-infected IL-5-deficient (IL-5−/−) mice (Brunet et al., 1999). However, despite
the prominence of eosinophils during helminth infection, the specific function of these cells in
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the host response to helminths remains unclear (Behm and Ovington, 2000; Klion and Nutman,
2004).

Various lines of evidence suggest that eosinophils may play a role in the elimination of helminth
parasites. For instance, eosinophils have been shown to mediate killing of Schistosoma
mansoni (David et al., 1980) and other helminths, e.g. Trichinella spiralis (Kazura and Grove,
1978) and Dipetalonema vitae (Haque et al., 1981), in vitro, by antibody-dependent cellular
cytotoxicity (ADCC). Under some circumstances, eosinophils have been found invading sick
and dying schistosomes in vivo (Davies et al., 2004). Further, eosinophil granule proteins such
as major basic protein (MBP), eosinophil peroxidase (EPX), eosinophil cationic protein (ECP)
and eosinophil-derived neurotoxin (EDN) have been shown to be toxic to Brugia spp. (Hamann
et al., 1990) and to S. mansoni (Butterworth et al., 1979) in vitro. Epidemiologic data from
human populations in endemic areas suggest that IgE molecules with specificity for
schistosome antigens might play a role in mediating immunity to reinfection (Dunne et al.,
1992; Hagan et al., 1991; Rihet et al., 1991), possibly by permitting eosinophil-mediated ADCC
responses against the parasite. However, direct in vivo evidence from laboratory models
demonstrating that eosinophils are involved in eliminating helminths is harder to find. If IgE-
mediated ADCC is the primary mechanism by which eosinophils attack helminth parasites in
humans, the laboratory mouse may be a poor model for this phenomenon as murine eosinophils,
in contrast to human eosinophils, do not express IgE receptors (FcεRI and FcεRII) (de Andres
et al., 1997).

Interestingly, recent evidence indicates that eosinophils may play an important role in initiating
TH2 responses to helminths by providing a source of IL-4 during the early stages of the type
2 response. S. mansoni eggs and Nippostrongylus brasiliensis larvae have both been shown to
rapidly recruit IL-4-producing eosinophils to the site of infection (Sabin et al., 1996; Shinkai
et al., 2002; Voehringer et al., 2004) and in the case of the latter helminth, this property of
eosinophils has also been shown to be independent of T cells (Shinkai et al., 2002; Voehringer
et al., 2004).

To gain insights into the role of eosinophils during helminth infection, we sought to develop
a comprehensive picture of eosinophil responses to schistosome infection by establishing the
spatial and temporal distribution of these cells throughout the course of infection. Because
traditional histological detection and enumeration of eosinophils is laborious and insensitive,
we made use of transgenic mice that express the luciferase reporter gene driven by the
eosinophil-specific EPX promoter (Yamaguchi et al., 1994) to identify and quantify eosinophils
in vivo in living animals. In these reporter mice (EPX-luc mice), the distribution and
accumulation of eosinophils in live animals can be monitored by administering luciferase
substrate and analyzing the intensity and anatomical distribution of the resulting in vivo
bioluminescence. To sensitively monitor the effect of helminth infection on the spatial and
temporal distribution of eosinophils in mice and the effect of helminth infection on their
distribution, EPX-luc mice were infected with S. mansoni and the distribution and accumulation
of eosinophils was monitored with reference to non-infected EPX-luc mice. Our results provide
a more dynamic and detailed image of helminth-induced eosinophilia and eosinopoietic
responses than was previously possible. We also show that, contrary to expectations,
eosinopoiesis and tissue eosinophilia occur well before the onset of parasite oviposition, during
the prepatent phase of the infection.

2. Materials and methods
2.1. Animals

The EPX-luc transgenic construct (Fig. 1A) was generated using a 9.8 kb fragment of the mouse
eosinophil peroxidase (EPX) promoter (Gharib et al., 1999;Yamaguchi et al., 1994), subcloned
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from a mouse bacterial artificial chromosome (BAC) clone (BAC number P23-193P5;
GenBank accession no. AC019272) that was inserted into the pGL3-Basic vector (Promega,
Madison, WI). This 9.8 kb mouse genomic DNA fragment was used in an attempt to capture
all transcriptional control elements of the EPX promoter region and accurately reflect the
endogenous EPX gene expression. An 800-bp fragment containing the human globin intron II
(GenBank accession no. L48931) cloned from human genomic DNA was then inserted between
the EPX promoter region and the luciferase gene to increase transgene expression and mRNA
stability (Brinster et al., 1988;Collis et al., 1990;Ellis et al., 1993). Hemizygous FVB/N-Tg
(EPX-luc)Xen (abbreviated hereafter as EPX-luc) transgenic mice, expressing luciferase under
the control of the EPX promoter, were generated by DNA microinjection into FVB/N donor
embryos and maintained in the FVB/N background. Parallel experiments were performed with
two independent lines of EPX-luc mice—EPX334-luc and EPX339-luc. Because similar results
were obtained with both lines, only data obtained with the EPX334-luc line are shown. All
experimental protocols were approved by the Institutional Animal Care and Use Committee
of Xenogen Corporation and conformed to principles in the Guide for the Care and Use of
Laboratory Animals (Institute of Laboratory Animals Resource, National Research Council,
DHHS, 1996). EPX-luc hemizygous mice were group-housed in Techniplast microisolator
caging and fed standard pelleted rodent chow (Dean’s Animal Feeds, Belmont, CA). Water
and food were supplied ad libitum. The light/dark cycle was 12 h on and 12 h off, with lights
on at 07:00, and room temperature was maintained at 25 °C.

2.2. Infection with S. mansoni
Puerto Rican strain S. mansoni was maintained in the laboratory using Biomphalaria
glabrata snails and golden hamsters Mesocricetus auratus as intermediate and definitive hosts,
respectively (Smithers and Terry, 1965). Cercariae harvested from infected B. glabrata were
used to infect EPX-luc hemizygous mice by subcutaneous injection on the left flank. Fifty
cercariae were administered to each animal. Control groups of age- and sex-matched EPX-
luc hemizygous mice were left uninfected.

2.3. In vivo bioluminescent imaging
Infected and uninfected control animals were weighed and then imaged for transgene
expression twice per week over an 84-day period. In vivo imaging was performed using the
IVIS® Imaging System 100 Series (Xenogen Corp., Alameda, CA) (Becker et al., 2003; Lee
et al., 2003; Sadikot et al., 2003; Zhang et al., 2003, 2004). Prior to image collection, animals
were anesthetised with isoflurane and the luciferase substrate luciferin was administered by
intraperitoneal injection at a dose rate of 150 mg/kg body weight. During image collection the
animals were placed on their backs, with their ventral sides facing the camera for detection of
the luciferase signal. To facilitate analysis of the anatomical distribution of in vivo
bioluminescence, the ventral aspect of each anesthetised animal was divided into four regions
of interest (ROI; Fig. 1B), approximating to the sternum and forelimbs (ROI 1), liver (ROI 2),
intestine (ROI 3) and hindlimbs (ROI 4). Photons emitted per second (in photons/second/
cm2/steradian) from each ROI were quantified using LivingImage® software (Xenogen Corp.).
Optimal luciferase signal intensity of EPX-luc animals was detected between 10 and 20 min
following luciferin injection.

2.4. Tissue luciferase assays
Groups of one control and two infected mice were euthanised at various time points p.i. and
liver, small intestine, and colon were harvested for luciferase expression. Tissues were frozen
in liquid nitrogen immediately following dissection, and later homogenised using a tissue
homogenizer (Dremel, Inc., Racine, WI) in PBS containing protease inhibitors (Roche
Diagnostics GmbH, Mannheim, Germany). Tissue luciferase assays were performed on whole
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tissue homogenates using a reagent kit from Pierce, Inc. (Rockford, IL) and measured with a
luminometer (TD 20/20, Turner Designs, Sunnyvale, CA). Luciferase assay results, in relative
light units (RLU), were normalised for tissue homogenate protein content, as determined by
bicinchoninic acid (BCA) protein assay kit (Pierce, Inc., Rockford, IL).

2.5. Histology
Liver, small intestine and colon were fixed in 4% buffered formaldehyde and embedded in
paraffin (IDEXX Veterinary Services, West Sacramento, CA). Sections were stained with
H&E, Luna’s eosinophil granule stain or Sirius Red.

2.6. Statistical analyses
Statistical significance (P) between infected and non-infected mice was determined by non-
parametric Mann–Whitney sign rank test. Spearman’s correlation (ρ) was used to quantify and
assess the statistical significance of associations between bioluminescence of different regions
and between in vivo regional bioluminescence and direct measures of in vitro tissue-specific
luciferase activity. All analyses were performed using Statview 5.0 (SAS Institute, Cary, NC).

3. Results
3.1. Schistosome egg accumulation induces in vivo bioluminescence in the livers and
intestines of EPX-luc mice

Luciferase bioluminescence data from schistosome-infected EPX-luc mice were collected from
ROI encompassing the sternum and forelimbs (ROI 1), liver (ROI 2), intestine (ROI 3), and
hindlimbs (ROI 4) (Fig. 1B). Representative data showing total bioluminescence from
uninfected control and infected animals at selected time points p.i. are shown in Fig. 1C. Little
or no luciferase signal was detected in uninfected control animals, while infected animals
exhibited readily detectable luciferase activity (Fig. 1C).

Dramatic increases in in vivo bioluminescence were detected in both the hepatic (ROI 2) and
intestinal (ROI 3) imaging regions at 8 weeks p.i. (Fig. 2A and C). In contrast, no increase in
bioluminescence was observed in uninfected EPX-luc animals (Fig. 2A and C). This dramatic
induction of bioluminescence followed the onset of parasite oviposition at 5–6 weeks p.i. and
correlates with the formation of eosinophil-rich TH2-dependent granulomas around parasite
eggs in the liver and intestine (Pearce and MacDonald, 2002). Peak bioluminescence in both
the livers and intestines of infected animals was observed at 10 weeks p.i. (Fig. 2A and C),
with levels of luciferase activity approximately 5 (intestine, Fig. 2C) to 20 (liver, Fig. 2A)
times that observed in the corresponding regions of uninfected mice. Bioluminescence in the
hepatic region (ROI 2) differed significantly between infected and uninfected mice for all time
points after day 35 p.i. That of the intestinal region (ROI 3) differed significantly by infection
status at all time points between days 56 and 70 inclusive. In infected animals, hepatic
bioluminescence correlated significantly (P<0.05) with intestinal bioluminescence at day 43
(ρ=0.53) and from days 56 to 78 inclusive (0.86≤ρ≤0.90)

3.2. In vivo bioluminescence correlates with in vitro tissue luciferase activity
After normalising for protein content, the results of in vitro luciferase assays on samples of
liver tissue showed significantly higher levels of luciferase activity in infected mice compared
to control mice (Fig. 3; P<0.0001). Further, while a direct relationship between in vitro tissue
luciferase activity (expressed as RLU) and in vivo bioluminescence (in photons/s/cm2/sr)
cannot be precisely and quantifiably correlated (i.e. 10 RLUs=2 photons/s/cm2/sr), there was
a strong and highly significant correlation between fold changes in in vitro hepatic luciferase
activity and in vivo bioluminescence of the liver (ROI 2; ρ=0.84, P<0.0001). Moreover, the
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change in hepatic luciferase activity in vitro over time (Fig. 3) corresponded closely to that
observed for the change in bioluminescence of the liver region (ROI 2; Fig. 2A), with
approximately 100-fold increases in in vitro luciferase activity evident by 8 weeks post-
infection. Luciferase activity in samples of small intestinal tissue was also significantly higher
in the infected mice than the uninfected mice (P=0.007; data not shown). Correspondingly, in
vivo bioluminescence of the intestinal region (ROI 3) correlated significantly with luciferase
activity of the small intestine (ρ=0.58, P=0.005).

3.3. In vivo bioluminescence correlates with tissue eosinophilia
To confirm that increased in vivo bioluminescence correlates with increased accumulation of
eosinophils, samples of liver and intestine exhibiting increased levels of bioluminescence were
examined for eosinophils by histology. Tissue sections stained with H&E, Luna’s eosinophil
granule stain or Sirius Red were compared to optimise eosinophil detection (data not shown).
Murine eosinophils were most clearly visualised with H&E (Fig. 4). By histology, eosinophils
were virtually undetectable in sections of liver and intestine from uninfected animals (Fig. 4A
and D) that exhibited only background bioluminescence (Fig. 2). However, eosinophils were
readily detected in the livers and intestines of animals with patent schistosome infection (Fig.
4B, C, E and F). In these animals, tissue eosinophilia was obvious in both the liver (Fig. 4B
and C) and intestine (Fig. 4E and F) at time points when levels of in vivo bioluminescence
were also significantly elevated (Fig. 2A and C). Thus, in vivo bioluminescence signals from
the liver and intestine were associated with the accumulation of eosinophils in those tissues.

3.4. Egg-induced eosinophilia in the liver and intestine is rapidly downregulated
After peak expression at week 10 p.i., in vivo bioluminescence decreased dramatically in both
liver (Fig. 2A) and intestine (Fig. 2C) by 11 weeks p.i. Bioluminescence remained higher than
in uninfected animals at both anatomic locations until the end of monitoring at day 84 p.i. (Fig.
2A and C), but was reduced compared with the peak of tissue eosinophilia around week 10.

3.5. Prepatent schistosome infection also induces tissue eosinophilia
While in vivo bioluminescence in the liver and intestine was most pronounced at the time of
egg accumulation at these sites, detailed analysis of earlier time points also revealed a small
but significant increase in bioluminescence associated with prepatent infection at these
anatomic locations (Fig. 2B and D). In the liver (Fig. 2B), significantly higher bioluminescence
in infected mice was detectable at days 10 (P=0.04) and 28 (P=0.005) p.i. compared with
uninfected controls, with measurements at 21 and 35 days exhibiting marginal differences
(P=0.11 for both). Bioluminescence intensity approximately double that of uninfected control
animals was detected at 4 weeks p.i. (Fig. 2B). In the intestinal region (Fig. 2D), prepatent in
vivo bioluminescence was more pronounced, with significant elevations evident at days 10
(P=0.04), 21 (P=0.009) and 28 (P=0.03) p.i. relative to uninfected mice. Throughout this
period, bioluminescence intensity in the intestines of infected animals was approximately twice
that observed in control animals.

3.6. Schistosome egg deposition induces a pronounced eosinopoietic response which is
subsequently downregulated

Because EPX promoter activity and EPX protein synthesis is more pronounced during
eosinophil development in the bone marrow than in mature eosinophils (Gruart et al., 1992),
in vivo bioluminescence in the long bones and sternum was monitored throughout the course
of infection as an indicator of eosinopoiesis. In addition to inducing in vivo bioluminescence
in the liver and intestine (Fig. 2), where the physical presence of schistosome eggs attracts
eosinophil-rich inflammatory infiltrates (Fig. 4), schistosome egg deposition at these distant
sites also induced large increases in bioluminescence in the long bones of the hindlimbs (Fig.
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5A) and in the sternum and forelimbs (Fig. 5C), indicative of a dramatic eosinopoietic response
beginning around 7 weeks p.i. Hence, schistosome eggs induced an eosinopoietic response
(Fig. 5A and C) that preceded egg-mediated liver and intestine eosinophilia (Fig. 2A and C)
by a week. Subsequent bioluminescence signals from the long bones and sternum displayed
similar kinetics to the tissue eosinophilia the liver and intestine, with peak bioluminescent
intensity occurring at 10 weeks p.i. when bioluminescent intensities in infected animals were
20–30 times higher than in uninfected controls (Fig. 5A and C). Further paralleling the kinetics
of eosinophil accumulation in the intestine and liver, the eosinopoietic response in the long
bones and sternum was rapidly downregulated after 10 weeks of infection (Fig. 5A and C), as
demonstrated by the rapid decrease in bioluminescence intensity in these regions by 11 weeks
p.i. As in the liver and intestine, bioluminescence remained elevated in the long bones and
sternum after downregulation, but was substantially less than at the peak of the eosinopoietic
response by the end of monitoring at day 84 p.i. (Fig. 5A and C).

3.7. Prepatent schistosome infection induces early eosinopoiesis
Although peak eosinopoietic responses in the long bones and sternum were associated with
schistosome egg deposition, significant increases in bioluminescence at sites of eosinopoiesis
were detectable much earlier in infection—by day 10 p.i. in the hindlimbs (Fig. 5B) and in the
forelimbs and sternum (Fig. 5D). Increases in bioluminescence prior to the onset of oviposition
were not as pronounced as later in infection, but were six to seven times greater than the
background intensities observed in uninfected control animals at the same time points (Fig. 5B
and D). Prepatent infection was therefore responsible for inducing small but significant levels
of eosinopoiesis before the end of the second week of infection.

4. Discussion
As reported by others using more conventional techniques (Lenzi et al., 1987), our data show
that schistosome egg deposition in the liver and intestine induces dramatic tissue eosinophilia
in these organs (Fig. 2) and induces an accompanying eosinopoietic response in the marrow
cavities of the long bones and sternum (Fig. 5). These results are to be expected given that eggs
are the dominant TH2 stimulus during schistosome infection (Grzych et al., 1991) and induce
the formation of eosinophil-rich circumoval granulomas in the liver and intestine (Pearce and
MacDonald, 2002). Specifically, egg-induced IL-5 production, a prominent component of the
anti-egg TH2 response (Grzych et al., 1991), is responsible for egg-induced eosinophilia
(Brunet et al., 1999; Sher et al., 1990) and has been shown to induce expression of EPX in the
bone marrow during patent schistosome infection (Bystrom et al., 2004). Together these results
confirm the utility of the EPX-luc reporter mice for detecting and quantifying eosinophilia and
eosinopoiesis in vivo. Interestingly, the detailed temporal resolution of our study clearly shows
that schistosome egg-induced eosinopoiesis (Fig. 5A and C) precedes liver and intestine
eosinophilia (Fig. 2A and C) by a week. Presumably, eosinophil production in the bone marrow
must be upregulated before marked eosinophilia in the periphery can be detected.

Schistosome egg-induced granuloma formation is spontaneously downregulated as infection
proceeds, such that the size of new granulomas forming around recently deposited eggs in the
chronic phase of infection are smaller than those that form earlier, during the acute phase of
infection (Cheever et al., 1998). The precise immunological basis for this downregulation is
unclear, but appears to be dependent on B cells and functional Fc receptors (Jankovic et al.,
1998). The regulatory cytokine IL-10 appears not to be required for downregulation (Wynn et
al., 1998), while roles for other regulatory mechanisms such as transforming growth factor-β
(TGF-β) signaling and regulatory T cells have not been adequately addressed (Pearce and
MacDonald, 2002). As might be expected, our data show that downregulation of granuloma
formation was accompanied by a marked reduction in tissue eosinophilia, evident by 11 weeks
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p.i. in liver and intestine (Fig. 2A and C). Interestingly, we also show that downregulation of
eosinophilia was accompanied by marked downregulation of eosinopoiesis (Fig. 5A and C).
As downregulation of granuloma formation is accompanied by downregulation of the TH2
response and of IL-5 production specifically (Grzych et al., 1991), our data suggest that initial
induction of egg-induced eosinophilia and eosinopoiesis and the subsequent downregulation
of these responses might all be directly dependent on egg-induced IL-5 production.

While schistosome egg deposition is the primary stimulus for eosinophilia and eosinopoiesis
during schistosome infection (Figs. 2A,C and 5A,C), our results clearly show that, contrary to
previous accounts (Lenzi et al., 1987), small but significant eosinophilia and eosinopoiesis are
also induced by worms alone, prior to the onset of egg production (Figs. 2B,D and 5B,D). For
instance, in the intestine (Fig. 2D) and hindlimb long bones (Fig. 5B), significant eosinophilia
and eosinopoiesis were evident by as early as 10 days p.i., respectively. The increased
sensitivity of our methods for detecting and quantifying eosinophil responses compared to
traditional methods likely account for these discrepancies. Unlike their eggs, schistosomes
themselves are believed to induce a predominantly TH1 response (Grzych et al., 1991), with
little or no associated IL-5 production, that persists until egg-induced TH2 responses arise
(Pearce et al., 1991). Prepatent eosinophilia and eosinopoiesis might therefore be mediated by
low but significant levels of worm-induced IL-5, or by other factors that could be associated
with the worm-induced TH1 response, such as eotaxin (Pearlman et al., 1997), regulated upon
activation, normal T expressed and secreted chemokine (RANTES) (Pearlman et al., 1997) or
IL-2 (Anderson and Hayes, 1989). These possibilities are under investigation. Of particular
interest is that significant eosinophilia was evident in the intestine during prepatency (Fig. 2D)
because during this period, developing schistosomes are thought to reside primarily in the liver
(Georgi et al., 1986). Sites of immunological activity during prepatency are of particular
interest because of the potential roles prepatent responses may play in modulating schistosome
development (Davies et al., 2001) and in mediating vaccine-induced immunity. Prepatent
intestinal responses to schistosomes and their impact on parasite development are therefore
under further investigation.

In conclusion, using a novel in vivo reporter system we have produced a dynamic and detailed
characterisation of eosinophil responses to schistosome infection. Contrary to expectations,
our results show that schistosome worms themselves rapidly induce tissue eosinophilia and
eosinopoietic responses, albeit of lesser magnitude than those induced by schistosome eggs.
Our study highlights several areas worthy of further investigation and establishes the usefulness
of EPX-luc reporter mice and in vivo bioluminescence imaging for studying the unique aspects
of immune responses to helminth parasites. Luciferase trans-gene expression driven by other
immunologically relevant promoters, such as the IL-4 promoter (Lee et al., 2003), the IL-6
promoter (Zhang et al., 2004), the IL-12 p40 promoter (Becker et al., 2003), the inducible nitric
oxide synthase (iNOS) promoter (Zhang et al., 2003) and nuclear factor κ-B (NF-κB)-
dependent promoters (Sadikot et al., 2003), combined with in vivo biophotonic imaging
techniques, will likely produce more new data on the in vivo activity of immunologically
important genes during immune responses to parasites.
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Fig. 1.
In vivo bioluminescence imaging of luciferase reporter gene signal in EPX-luc mice. Luciferin
was administered to anesthetised EPX-luc mice and bioluminescence was detected and
quantified 10–20 min later using an IVIS® Imaging System 100 Series. (A) schematic of the
transgene construct used to generate EPX-luc reporter mice. (B) representative EPX-luc animal,
at 70 days p.i. with Schistosoma mansoni, showing the locations of ROI 1 (sternum and
forelimb long bones), ROI 2 (liver), ROI 3 (intestine) and ROI 4 (hindlimb long bones). (C)
representative uninfected and schistosome-infected EPX-luc animals at various time points p.i.
False color overlay represents bioluminescence intensity in photons/s.
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Fig. 2.
In vivo bioluminescence in the livers and intestines of Schistosoma mansoni-infected EPX-
luc mice. In vivo bioluminescence in uninfected and schistosome-infected EPX-luc mice was
detected twice weekly over the first 12 weeks of infection as described in Fig. 1. Data from all
time points were quantified using LivingImage® software and represented graphically. (A)
Quantified image data from ROI encompassing the liver (ROI 2) during the 12-week course
of the study. (B) Expanded view of liver (ROI 2) data during the first 43 days of the study. (C)
Quantified image data from ROI encompassing the intestine (ROI 3) during the 12-week course
of the study. (D) Expanded view of intestine (ROI 3) data during the first 43 days of the study.
▲: one control and two infected mice euthanised for histology and in vitro tissue luciferase
assays. Time points where statistically significant differences in bioluminescence between
infected and uninfected animals were detected by Mann–Whitney sign rank test are denoted
by *P≤0.05; †P≤0.01; and ‡P≤0.001. Mean readings±SEM are shown.
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Fig. 3.
In vitro tissue luciferase activity in the livers of uninfected and schistosome-infected EPX-
luc mice. Samples of liver tissue removed from infected and uninfected EPX-luc animals were
homogenised and analysed for luciferase activity. Results were normalised against the protein
content of the tissue homogenates and expressed in relative light units (RLU)/μg total protein.
Mean readings±SEM are shown. Data are representative of at least two independent replicates.
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Fig. 4.
Histological detection of eosinophils in tissue sections from uninfected and infected EPX-luc
mice. Tissue samples from infected and uninfected EPX-luc mice were fixed in 4% buffered
formaldehyde and embedded in paraffin. Sections were stained with H&E. (A) Liver of
uninfected EPX-luc mouse. t, portal tract. Scale bar=50 μm. (B) Liver of infected EPX-luc
mouse at 9 weeks p.i. e, schistosome egg at the center of a granuloma. Square bracket
encompasses eosinophil-rich collar around the periphery of the granuloma. Scale bar=50 μm.
(C) enlarged portion of section in B, showing many eosinophils within and around the periphery
of a circumoval granuloma. Scale bar=25 μm. (D) Small intestine of uninfected EPX-luc
mouse. g, goblet cells. Scale bar=50 μm. (E) small intestine of infected EPX-luc mouse at 9
weeks p.i. Note: dense eosinophil-rich inflammatory infiltrate within the submucosa. g, goblet
cells. p, Paneth cells containing large eosinophilic granules. Scale bar=50 μm. (F) Enlarged
portion of section in E, showing inflammatory infiltrate containing many eosinophils. Scale
bar=25 μm.
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Fig. 5.
In vivo bioluminescence in the long bones and sterna of Schistosoma mansoni-infected EPX-
luc mice. In vivo bioluminescence in uninfected and schistosome-infected EPX-luc mice was
detected twice weekly over the first 12 weeks of infection as described in Fig. 1. Data from all
time points were quantified using LivingImage software and represented graphically. (A)
Quantified image data from ROI encompassing the hindlimb long bones (ROI 4) during the
12-week course of the study. (B) Expanded view of hindlimb (ROI 4) data during the first 43
days of the study. (C) Quantified image data from ROI encompassing the forelimbs and sternum
(ROI 1) during the 12-week course of the study. (D) Expanded view of forelimb and sternum
(ROI 1) data during the first 43 days of the study. ▲: one control and two infected mice
euthanised for histology and in vitro tissue luciferase assays. Time points where statistically
significant differences in bioluminescence between infected and uninfected animals were
detected by Mann–Whitney sign rank test are denoted by *P≤0.05; †P≤0.01; ‡ P≤0.001; and
§P≤0.0001. Mean readings±SEM are shown.
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