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Abstract

Genetic studies of human susceptibility to Schistosoma (bloodfluke) infections have previously
identified a genetic locus determining infection intensity with the African species, S. mansoni, in
the 5931-33 region of the human genome which is known to contain the Th2 immune response
cluster including the genes encoding the IL-4, IL-5 and 1L-13 cytokines. These cytokines are key
players in inflammatory immune responses, and have previously been implicated in human
susceptibility to infection with the Asian species, S. japonicum. In a nested case-control study, we
genotyped 30 HapMap tagging SNPs across these three genes in 159 individuals identified as
putatively susceptible to re-infection with S. japonicum and 133 putatively resistant individuals. A
third group comprising 113 individuals susceptible to symptomatic infection was also included.
The results provided no significant association at a global level between re-infection
predisposition and any of the individual SNPs or haplotype blocks. However, two tagging SNPs in
/L-5demonstrated globally significant association with susceptibility to symptomatic infection.
They were in strong linkage disequilibrium with each other and were found to belong to the same
haplotype block which also provided a significant association after permutation testing. This
haplotype was located in the 3’-UTR region of /L-5suggesting that variants in this region of /L-5
may modulate the immune response in these individuals with symptomatic infection.
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Introduction

The digenetic trematode (blood fluke) Schistosoma japonicum, transmitted by the
amphibious fresh water snail Oncomelania, causes intestinal and hepatosplenic
schistosomiasis in China, the Philippines, and Indonesia. Currently, approximately 880,000
individuals are estimated to be infected in China, predominantly in the Yangtze River basin
and the lake regions of Hunan and Jiangxi provinces (1). The over-distribution of faecal egg
counts commonly observed in endemic populations is indicative of an innate susceptibility
to S. japonicum infection in a minority of individuals. Individuals have been identified as
being putatively susceptible or resistant to re-infection in both Chinese (2) and Filipino (3)
populations. Variance components analyses have demonstrated significant clustering of
infection and infection intensities in families for both S. japonicum (4) and the African
species, S. mansoni (5, 6), and strong heritable factors were estimated to contribute to the
control of human infection. Genetic studies have investigated infection intensity levels in S.
mansoni-infected families and identified a co-dominant major gene playing a role in human
susceptibility (7). The SM1 locus was subsequently linked to the 5931-g33 region of the
human genome (8-10), a region known to contain the Th2 gene cluster encoding the IL-4,
IL-5 and IL-13 cytokines. Many immunological studies have demonstrated the role of these
cytokines in the immunomodulation of several helminth, including schistosome, infections
in murine models (11, 12) and in humans (13-17). Other studies have shown a marked
increase in the levels of IL-5 and IL-13 in individuals identified as being resistant to
schistosome infection (18, 19). Further, two polymorphisms in the IL-13 gene promoter
region have been shown to be associated with with S. Aaematobium infections (20). These
findings led us to undertake a nested case-control study to investigate human susceptibility
to S. japonicum re-infection targeting IL-4, IL-5 and 1L-13 as candidate genes for SNP
typing and association analysis.

Materials and Methods

Study location and population

The participants from this study were selected from 8 administrative villages: Aiguo,
Dingshan, Fugian, Xindong, Yufeng, Caojia, Hexi and Tangmei from the Poyang Lake
region, Jiangxi province, China which is highly endemic for S. japonicum. The total number
of subjects from all eight villages who undertook an interview was 5794. Each
administrative village was comprised of 4-8 ‘natural villages’. Each individual was allocated
a personal identification code (PID) comprised of their administrative village code, natural
village code, household and household member code. Demographic data were collected as
well as water contact and schistosomiasis history using a validated questionnaire (21).
Children under the age of 5 were not included in this study.

Questionnaire and sample selection

A cohort of 779 individuals was selected from the study based on exposure to infection and
S. japonicum infection history. To ensure that all cohort members had similar water
exposure, only full time residents of the village were included who were over the age of 25
and had regular water contact. A questionnaire was constructed to assess schistosomiasis
history with respect to previous diagnosed infection, previous treatment (following
diagnosis) with the highly effective drug praziquantel, previous control treatment and
symptomatic infection (see below for definition). All individuals were also interviewed
regarding their occupation, whether the occupation involved water contact, the length of
time in the current occupation and previous water contact. At the time of interview,
participants were asked to provide a saliva sample using a commercially available collection
kit (Oragene, DNAgenotek, Inc., Ottawa, Ontario, Canada). In accordance with the protocol,
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individuals were given a cup of water to rinse their mouths. Donors were then instructed to
provide at least 2 ml of saliva in a vial labelled with their PID, name and sex. Of the 779
cohort individuals, 192 were lost to follow up and 587 individuals were interviewed, of
which two refused to provide a saliva sample.

Phenotype classification

All individuals included in the phenotype groups had to have significant occupational water
exposure. Susceptibility/resistance to infection was examined using the questionnaire data.
Susceptibility to infection/re-infection was defined as an individual having had ten or more
diagnosed schistosome infections in his/her life time. Individuals susceptible to symptomatic
infection were defined as those who had been diagnosed (by faecal egg count) with S.
Japonicum infection which was accompanied by three of the following symptoms: high
fever, weakness, loss of appetite, headaches and dizziness. Resistant individuals were
categorised as having had fewer than five known infections and fewer than five treatments.
All resistant subjects had to have been in their occupation for at least 15 years to ensure
adequate exposure. The length of time in occupation, age and average numbers of infections
per year for each group are shown in Table 1. There were 159 individuals identified as
susceptible to infection/re-infection, 113 were susceptible to acute infection, and 133 were
categorised as resistant to infection/re-infection. The remainder were omitted from the
analysis as they could not be definitively classified into one of the three defined phenotypes.

DNA purification

DNA was purified from the saliva samples according to the manufacturer’s instructions
(Oragene, DNAgenotek, Inc., Ottawa, Ontario, Canada). DNA concentration was measured
by spectrophotometry. Aliquots of all samples were taken and subsequently adjusted to
provide standard stock solutions of 20ng/u.l. The A280/A260 ratio was estimated to provide
an indication of the quality of the sample. Low ratios (<1.6) may indicate possible salt or
ethanol contaminants whereas high values may suggest the presence of fragmented DNA,
RNA or bacterial DNA. Only samples which provided a yield of greater than 20ng/ul and a
A280/A260 ratio of >1.6 and <1.95 were included for genotyping analysis.

SNP selection

Genotyping

We selected tagging SNPs across the /L-4//L-13and /L-5 genes based on data from the
public databases including the International HapMap Project (http://www.hapmap.org/) and
NCBI (http://www.nchi.nm.nih.gov/). SNPs were selected beginning 20kb upstream and
extending 20kb downstream for each gene. /L-4and /L-13were only 12.5 kb apart and thus
were treated as one region. SNPs identified in the region which had frequency information
in Hapmap (for Chinese populations) were used to identify tagSNPs. A total of 20 tagSNPs
were selected in these three genes, selecting from phase | and 11 HapMap data so other SNPs
within the interval were in strong linkage disequilibrium (r2 co-efficient of = 0.8) with one
of the tagSNPs. An additional 10 SNPs were selected from the literature with evidence of
previous associations with atopic conditions, malaria and S. haematobium infections and
included in the study (20, 22-26).

Assays were designed to type 30 SNPs across the 5g37-33 locus using the Sequenom
MassARRAY Assay Design software (version 3.0). A MALDI-TOF Mass Spectrometer
(Sequenom Inc, San Diego) was used to type the SNPs using iPLEX™ chemistry. PCR
reactions were carried out in 2.5 pl reactions in standard 384-well plates. PCR was
performed using approximately 12.5ng genomic DNA for each sample, 0.5 unit of 7ag
polymerase (HotStarTaq, Qiagen, Valencia, CA), 500umol of each dNTP, and 100 nmol of
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each PCR primer. PCR thermal cycling in an ABI-9700 instrument was 15 min at 94°C,
followed by 45 cycles of 20 sec at 94°C, 30 sec at 56°C, 60 sec at 72°C. To the completed
PCR reaction, 1 pl of Shrimp Alkaline Phosphatase (SAP) master mix containing 1.4 units
of ASP in final concentration was added and incubated for 30 min at 37°C followed by
inactivation for 5 min at 85°C. After adjusting the concentrations of extension primers to
equilibrate signal-to-noise ratios, the post-PCR primer extension reaction of the iPLEX
assay was performed in a final 5 I of extension reaction containing 0.1 .l termination mix,
0.02 .l DNA polymerase (Sequenom, San Diego, CA), and 600 nM to 1200 nM extension
primers. A two-step 200 short cycles program was used for the iPLEX reaction: initial
denaturation was 30 sec at 94°C followed by 5 cycles of 5 sec at 52°C and 5 sec at 80°C.
Additional 40 annealing and extension cycles were then looped back to 5 sec at 94°C, 5 sec
at 52°C and 5 sec at 80°C. A final extension was done at 72°C for three min and then the
sample was cooled to 20°C. The iPLEX reaction products were desalted by diluting samples
with 15 pl water and 3 pl resin to optimize mass spectrometric analysis and then spotted on
a SpectroChip (Sequenom), processed and analysed in a Compact Mass Spectrometer by
MassARRAY Workstation (version 3.3) software (Sequenom).

Statistical analysis

Genotype frequencies for all SNP variants were examined and the results were tested for
departures from Hardy-Weinberg equilibrium (HWE) separately for both the susceptible
groups and the resistant group. This was achieved using the Haploview program (27).
Genotypes for all but one marker (rs2243250) were consistent with HWE and no obvious
genotyping errors were apparent thus the data for this marker were excluded from further
analysis. Three markers were found to have no allelic variation in this population
(rs2069743, rs2243231 and rs2243240).

Haplotype blocks were determined using the default method of Gabriel et al. (28) and are
displayed schematically with their population frequencies and inter-block connections.
Linkage disequilibrium (LD) plots were also obtained and illustrate the estimated LD
between SNPs, where red regions depict strong LD (1.0) with strong confidence (LOD>2.0);
blue squares depict strong LD with weak confidence (LOD<2.0); and pale-red and white
regions represent low LD (<1.0) and state the LD value within the box.

The haploview program was also used to test for association between the phenotypes and
individual markers or combinations of markers (haplotypes). P-values were then corrected
for multiple testing of all the SNPs and haplotypes within the region through 10000
permutations. This adjusts p-values derived from multiple statistical tests to correct for the
occurrence of false positives and provides region-wide empirical p-values for each marker.
‘Local’ significance therefore can be described as the probability that an association for a
particular SNP marker is due to chance and concerns a single test of the null hypothesis of
no linkage; whereas a ‘global’ significance level is the probability that an association is
detected within a given set of SNPs and involves sampling over a large number of tests to
find the most significant result. This is achieved in Haploview by maintaining the individual
genotype as a whole while the individual’s status is shuffled. The method preserves the
correlation between SNPs (linkage disequilibrium) while breaking the relation between
status and the genotypes. For each replicate or permutation, each SNP was tested for
association and the most significant p-value was stored. To assess the potential effect of
each significant SNP on the risk of disease, logistic regression was performed to obtain odds
ratios and 95% confidence intervals (C.1.). These compared the carriers of the minor allele to
homozygous carriers of the major allele for each significant SNP.
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Ethical approval

Results

Written ethical approval for this study was obtained at the national, provincial and village
levels within China, and approval for the study was granted by the ethics committees of
Jiangxi Provincial Institute of Parasitic Diseases, Chinese Center for Disease Control and
Prevention and the Queensland Institute of Medical Research, prior to commencement.
Study participants identified as stool egg-positive for schistosomiasis were treated with 40
mg/kg of praziquantel, the current dosage recommended by the WHO. Oral informed
consent was obtained from all adults and from parents or guardians of minors aged 5 or
above who were involved in the project.

In total, thirty SNPs were genotyped spanning a region of 20 kb across the /L5 locus and a
24Kkb region across the /L13and /L4 genes (an average spacing of one SNP every 3.03 kb
and 1.51kb, respectively; Figure 1). Genotypes were obtained for most individuals with a
mean completion rate of 95.45%. The minor allele frequencies of the SNPs ranged from
0.011to 0.477 (Tables 1 and 2). In our study, we have investigated the 5q31-33 region of the
human genome, more specifically, the /L-4, /L-5and /L-13 genes. Across these loci we
found little evidence of linkage disequilibrium between markers at different ends of the
genes (Figure 2). We chose SNPs across the 5931-33 region using a SNP tagging strategy
where representative SNPs were genotyped that had a high correlation (r2 > 0.8) with other
known SNPs in these genes. Common variants increasing risk of S. japonicum infection or
acute infection would be expected to show evidence of association with one or more of the
tagging SNPs genotyped. We found evidence for association between S. japonicum infection
and individual tagging SNPs in both /L-5and /L-13for allelic association tests. Tests of
association between S. japonicum infection and haplotypes or combinations of SNPs also
showed evidence for /L-5variation contributing to risk of S. japonicum infection. However,
all associations found with S. japonicum infection were not found to be significant, when
tested for global significance.

Investigation of allelic associations between symptomatic infection and individual tagging
SNPs detected five significant SNPs; one in IL-13 and four in IL-5 (Table 2) all of which
belonged to the same haplotype block (Figure 2). Of these, two SNPs in IL-5 (rs4143832
and rs17690122) remained significant after permutation tests (p = 0.025 and p = 0.019,
respectively) and were in strong LD with each other (Figure 2). Logistic regression provided
an odds ratio of 2.3 (p = 0.004; C.I. = 1.30-4.01) and 2.25 (p = 0.005; C.l. = 1.27-4.00) for
each SNP marker, respectively. Haplotype association tests also detected two significant
haplotypes associated with symptomatic infection (Table 3). Permutation tests showed a p-
value of 0.019 for one haplotype.

Discussion

The 5031-933 region of the human genome contains genes encoding the IL-4, IL-5 and
IL-13 cytokines which are known players in the Th2 type immune response. These have
been shown to have prominent roles in human susceptibility to infection with several
parasitic helminths including Ascaris, Trichuris and hookworm (13-17). Moreover,
combined segregation and linkage analysis identified this region to contain a susceptibility
locus (SM1I) controlling S. mansoni infection intensity, and polymorphisms in /L-13have
also been associated with infection susceptibility to S. haematobium (20) and susceptibility
to severe malaria in Thailand (24). These cytokines act together to produce a pro-
inflammatory response to schistosome infection characterised by increased eosinophil and
IgE production (29-31) Such responses are typical of reactions to allergens and, as such, are
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commonly observed with asthma and allergy (32-34). Polymorphisms in these genes have
also been associated with asthma and atopic dermatitis (34-38).

In this study, we investigated the relationship between this region of the genome and
infection with S. japonicum. We detected two SNPs, one in IL-5 and one in IL-13, with
allelic associations to infection susceptibility, but both associations did not withstand
permutation testing, thus indicating that the associations could be due to chance. A major
challenge underlying this study was that of precise phenotype definition; given the extensive
levels of schistosomiasis control in China, it is becoming increasingly difficult to accurately
determine the number of previous praziquantel drug treatments and infection diagnoses in
schistosome-endemic communities. Consequently, we applied highly stringent criteria in
order to identify putatively susceptible and resistant individuals as accurately as possible.
This resulted in a relatively low number of susceptible and resistant individuals which
limited the power of the study to detect discrete genetic associations with infection. The
SNP identified in IL-5, however, belongs to the same haplotype block as the two SNPs
associated with symptomatic S. japonicum infection and are in strong linkage disequilibrium
with each other. The SNP detected in IL-13 has also been implicated in asthma and
associated elevated IgE levels (39, 40). Further work to increase the sample size and
investigate the potential biological implications of these SNPs on IL-5 and IL-13 expression
would provide more insight into the potential role of these mutations in susceptibility to
schistosome infection.

Symptomatic infection was also investigated in this study. This outcome of infection is
typically seen in individuals experiencing their first schistosome infection though symptoms
can be present in those who have a sudden heavy exposure to the parasite and amongst
chronically infected individuals. There are many symptoms and variations in the clinical
presentation of schistosome infection and disease ranging from fever and eosinophilia to
diffuse abdominal pain and hepatomegaly (2). The difference between infection and disease
is frequently confused and often requires clarification. In this study we investigated
symptomatic infection which we define as the manifestation of a hyper-allergenic response
to infection with S. japonicum, diagnosed by a local doctor (by parasitological examination),
and characterised by at least three of the following symptoms: high fever, weakness, loss of
appetite, headache and dizziness. We identified 113 individuals who had previously
experienced symptoms associated with schistosome infection and were diagnosed by a local
doctor at that time. Two SNPs within 15kb downstream from /L-5 (one in the 3'-UTR
region) were found to be globally significant (P<0.05). They were in strong linkage
disequilibrium with each other and belonged to the same haplotype block identified in
Haploview (Figure 2). The haplotype also showed an association after testing for global
significance (p=0.019) suggesting that variants in /L-5could be contributing to risk of
symptomatic infection. Odds ratios and C.l.s obtained for both SNPs were similar, reflecting
the high level of LD between the two markers and indicating that homozygous genotypes of
the major allele are associated with a 2-fold decrease in the risk of having a symptomatic
reaction if infected with S. japonicum. 1t has been shown previously in this population that
symptomatic infection is strongly associated with re-infection (data not shown) indicating
that those who had previously experienced a symptomatic reaction in response to infection
were twice as likely to be re-infected (4).

Marked elevated levels of circulating serum IL-5 have been observed in individuals
previously identified as putatively resistant to schistosome infection/re-infection (19, 41, 42)
and IL-5-induced eosinophilia has shown to be a common symptom in acute schistosomiasis
patients (2, 43, 44). Further, IL-5 contributes to the immune response against various
pathogens and infectious agents including gastro-intestinal helminths such as hookworms
(16) and Trichuris (45). It is important to note, however, that the phenotype in this study
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could also be reflecting a genetic predisposition to hyper-allergenic reactions and
inflammatory responses that are associated with acute and chronic infection rather than
susceptibility to schistosome infection per se. Other allergies, asthma and other atopic
syndromes may also be associated with these individuals predisposed to a symptomatic
response to infection and this merits further investigation.

It is noteworthy also that the two significant SNPs detected in this study may not be the
cause of the association and possible neighbouring SNPs that are in strong LD could be
accounting for the association observed with symptomatic infection. However, the strong
LD of these SNPs with each other and their location in the same haplotype block would
suggest that the true infection-predisposing variant does lie in the 3’-UTR region of /L-5.
Previous functional studies have shown that mutations in the 3’-UTR region can have an
effect on mRNA stability or translational efficiency by interfering with the mRNA-binding
protein interaction (46-48).

This is the first study to investigate the genetics underlying susceptibility to S. japonicum
infection. Despite the restricted sample size of this investigation, a significant association
was observed implicating /L-5with symptomatic infection with S. japonicum. Further work
to increase the sample size and to replicate the study in populations in neighbouring endemic
provinces in China would provide further information on the role of /L-5variants in
determining risk of S. japonicum infection. Rapid identification of those more pre-disposed
to infection and/or a symptomatic reaction to infection would assist in minimising the
morbidity associated with S. japonicum infection, allow for more targeted treatment of
susceptible individuals and reduce overall costs to the individual and the health care system
in China.

Abbreviations

SNP Single nucleotide polymorphism
3-UTR Three prime-untranslated region
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Human /L5, IL-4and /L-13and the genomic structure of each gene showing the location of

the tag SNPs genotyped
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Figure2.

Haplotype blocks identified in each gene and linkage disequilibrium plot of single
nucleotide polymorphism (SNP) estimated as r2 using Haploview for /L-5. SNP codes are
provided in order of location along each gene; red squares depict strong LD (1.0) with
strong confidence (LOD>2.0); blue boxes depict strong LD (1.0) with weak confidence
(LOD<2.0); pale-red and white regions represent low LD (<1.0); the LD value is provided
within each box. Plots based on Haploview output.
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