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17 Abstract

18 Over 290 million people are infected by schistosomes worldwide. Schistosomiasis control 

19 efforts focus on mass drug treatment with praziquantel (PZQ), a drug that kills the adult worm 

20 of all Schistosoma species. Nonetheless, re-infections have continued to be detected in endemic 

21 areas with individuals living in the same area presenting with varying infection intensities. Our 

22 objective was to characterize the transcriptome profiles in peripheral blood of children between 

23 10 - 15 years with varying intensities of Schistosoma mansoni infection living along the Albert 

24 Nile in Uganda.
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25 RNA extracted from peripheral blood collected from 44 S. mansoni infected (34 high and 10 

26 low by circulating anodic antigen [CAA] level) and 20 uninfected children was sequenced 

27 using Illumina NovaSeq S4 and the reads aligned to the GRCh38 human genome. Differential 

28 gene expression analysis was done using DESeq2 and enriched pathways in differentially 

29 expressed genes (DEGs) were identified using REACTOME. Principal component analysis 

30 revealed clustering of gene expression by gender when S. mansoni infected children were 

31 compared with uninfected children. In addition, we identified 14 DEGs between S. mansoni 

32 infected and uninfected individuals, 56 DEGs between children with high infection intensity 

33 and uninfected individuals, 33 DEGs between those with high infection intensity and low 

34 infection intensity and no DEGs between those with low infection and uninfected individuals. 

35 We also observed upregulation and downregulation of some DEGs that are associated with 

36 fibrosis and its regulation. These data suggest expression of fibrosis associated genes as well 

37 as genes that regulate fibrosis in S. mansoni infection. The relatively few significant DEGS 

38 observed in children with schistosomiasis suggests that chronic S. mansoni infection is a stealth 

39 infection that does not stimulate a strong immune response.

40

41 Author Summary

42 Schistosomiasis is a neglected tropical disease transmitted via an intermediate snail host 

43 through contact with contaminated fresh water. Even with routine Mass Drug Administration 

44 for treatment of the infection, re-infections are still common and variations in infection 

45 intensity and pathology are still observed in individuals in the same location. These may be 

46 due to differences in individuals’ response to S. mansoni infection. In this study, we used 

47 RNAseq to identify differentially expressed genes associated with S. mansoni infection in 

48 children between 10-15 years. We conducted comparisons between phenotypes including 

49 infection intensities measured by circulating anodic antigen, wasting by body mass index and 
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50 stunting by height-for-age z score. Our data showed very low numbers of significant 

51 differentially expressed genes in all comparisons. Some of the few differentially expressed 

52 genes that were observed were associated with fibrosis which is the cause of pathology in 

53 humans and has been observed in late stages of S. mansoni infection in murine studies. 

54

55 Introduction

56 Over 290 million people are infected by schistosomes worldwide. The infection is widespread 

57 in tropical and sub-tropical regions with over 78 countries reporting transmission (1). The 

58 WHO estimated that approximately 236.6 million people required treatment in 2019 (2). 

59 During their lifespan, schistosomes live in blood vessels and females lay eggs which migrate 

60 through and lodge in organs of the host provoking local and systemic responses(1). Despite 

61 mass administration of praziquantel (PZQ) to control the infection, communities still have high 

62 prevalence of schistosomiasis with variations in intensity of infection among individuals (3,4). 

63 We recently reported a high prevalence of S. mansion infection and stunting among school age 

64 children along the Albert Nile in Uganda, more in boys than in girls, coupled with variation in 

65 infection intensity (4). However, there is limited information on gene expression in humans 

66 infected with schistosomes that could underpin the observed varying infection intensity. 

67 Variations in infection intensity may be linked to the ability of the host to respond to the 

68 infection which may be driven by a number of underlying molecular mechanisms employed by 

69 the host. Animal studies have shown upregulation of immune genes early in the infection and 

70 of metabolic related genes later in the infection (5–7) as well as differences in expression 

71 profiles between susceptible and less susceptible hosts (8). Additionally, responses of human 

72 males and females to infection appear to differ with each having distinct sets of DEGs as 

73 observed in Schistosoma haematobium infection (9). To date, there is no study that has profiled 

74 gene expression in the blood of humans infected with S. mansoni. This study set out to 

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted June 13, 2023. ; https://doi.org/10.1101/2023.06.13.544714doi: bioRxiv preprint 

https://doi.org/10.1101/2023.06.13.544714
http://creativecommons.org/licenses/by/4.0/


75 characterise the transcriptome profiles of genes expressed in children 10 - 15 years of age 

76 infected with S. mansoni along the Albert Nile. We hypothesized that the expression of genes 

77 in peripheral blood of S. mansoni infected children varies between children with high infection 

78 compared to those with low infection intensity and that both would differ from the uninfected. 

79

80 Methods
81 Ethics statement 

82 The study protocol was reviewed by the institutional review board of the Ministry of Health, 

83 Vector Control Division Research and Ethics Committee (Reference No. VCDREC106) and 

84 approved by the Uganda National Council for Science and Technology (Reference No. UNCST 

85 HS 118). The study was conducted with guidance from the district health officials, including 

86 the selection and training of the village health teams that were involved in the mobilisation and 

87 recruitment of the children into the study. The objectives, potential risks and benefits of the 

88 study were explained to the parents/ guardians who signed informed consent, and later 

89 explained to the school age children in English and Alur dialect who provided assent for 

90 participation in the study. Written formal consent from parents and written assent from the 

91 children were obtained. If a child was observed to have S. mansoni eggs in their stool, they 

92 were offered free treatment, which consisted of praziquantel at a dosage of 40mg/kg 

93 administered by trained Ministry of Health personnel, assisted by a district health worker. 

94 Study design and study sites

95 This was a cross-sectional study carried out in communities along the Albert Nile. Samples 

96 were collected from school children aged between 10-15 years in Pakwach District located in 

97 the Northern part of Uganda near the Albert Nile. The selected areas of sampling were in sub-

98 counties of Pakwach, Panyingoro, Panyimur and Alwi all of which are within 10km of the 

99 Albert Nile. 
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100 Screening and recruitment

101 Screening and recruitment were done as previously described (4). Participants were mobilized 

102 and educated about schistosomiasis by village health teams. Those between 10-15 years were 

103 registered and recruited based on ability to provide urine for screening by the point-of-care 

104 circulating cathodic antigen (POC-CCA). Briefly, 2 drops (100µl) of urine were placed on the 

105 POC-CCA test cassette and left at room temperature for 20 minutes prior to visualization. The 

106 results were scored by modifying the G scores as previously described (4). The modified scores 

107 included: 0 (G1), trace (G2, G3), 1+ (G4, G5), 2+ (G6, G7), 3+ (G8, G9) or 4+ (G10). Initial 

108 sampling for RNAseq was done based on POC-CCA scores. These included individuals with 

109 high POC-CCA (4+ and 3+), low (1+ and trace) and negative (0). These were further classified 

110 by infection intensity using CAA as explained in the section below.  Participants who provided 

111 urine for screening were recruited to the study after being interviewed and informed consent 

112 signed by the parent/guardian and assent by the child. The height and weight were obtained 

113 from each participant to obtain estimates of body mass index (BMI) and stunting (Height for 

114 Age Z-scores HAZ) as previously described (4). 

115 Sample collection

116 Following the interview, each selected participant was requested to provide peripheral blood 

117 which was collected in PAXgene Blood RNA (PreAnalytiX, US) tubes for transcriptional 

118 analysis and in EDTA tubes (BD Biosciences, US) for plasma separation for circulating anodic 

119 antigen (CAA) analysis and for DNA extraction. 

120 CAA assay for S. mansoni infection

121 To measure infection intensity, Circulating Anodic Antigen (CAA) levels were measured in 

122 plasma using the UCP-LF CAA test as described previously by Mulindwa and colleagues (4). 

123 CAA concentrations > 30 pg/mL were classified as negative (CAA < 30 pg/mL), low infection 

124 intensity (CAA 30 to <1000 pg/mL) and high infection intensity (CAA > 1000 pg/mL) (10). 
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125 RNA extraction and purification

126 RNA was extracted from blood collected in PAXgene Blood RNA tubes using Trizol 

127 (Invitrogen, USA) protocol (11). The RNA was quantified using Qubit (Invitrogen, USA) and 

128 samples with concentration >1µg were shipped to the Centre for Genomics Research at the 

129 University of Liverpool for sequencing where the quality of the samples was checked using an 

130 Agilent Bioanalyser. 

131 Library preparation and RNASeq

132 The QIAseq FastSelect rRNA HMR kits (Qiagen) were used to remove rRNA from total RNA 

133 and libraries prepared using the NEBNext Ultra II Directional RNA Library Prep Kit (NEB, 

134 New England Biolabs). The libraries were sequenced on an Illumina NovaSeq S4 (Illumina) in 

135 the 2x150 read configuration to a target depth of 30m read pairs per sample at the Centre for 

136 Genomic Research at the University of Liverpool. FASTQ reads were aligned to the GRCh38 

137 release 84 human genome sequence obtained from Ensembl (12) using HiSat2 (13) and 

138 annotated using the human genome reference, Homo_sapiens GRCh38.104 from Ensembl. 

139 Identification of DEGs 

140 Differentially expressed genes between phenotypes were identified using DESeq2 (14). 

141 Analysis of read counts for each gene considered CAA as the independent variable with age 

142 and sex as covariates.  Principal component analysis was done using PCA Explorer to identify 

143 samples that appeared as outliers (15). Genes with adjusted p-value <0.05, Log2 (FC)> 1.0 for 

144 up-regulated genes and Log2 (FC) < -0.8 for down regulated genes were selected as significant 

145 differentially expressed. We compared gene expression between different infection intensities 

146 by pairwise analysis of the different infection intensities described above; 1) all infected vs 

147 uninfected (IU), 2) high infection intensity vs low infection intensity (HL), 3) high infection 

148 intensity vs uninfected (HU) and 4) low infection intensity vs uninfected (LU) while including 
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149 sex and age as covariates. Gene ontology (GO) enrichment analysis of the DEGs for each pair 

150 was done using the GOnet (16) online resource and REACTOME (17). 

151 In addition to high prevalence of schistosomiasis, our previous study found high levels of 

152 stunting and under nutrition in this study population (4). To understand the association of BMI 

153 and stunting with gene expression, we conducted linear regression analysis with BMI and 

154 stunting as dependent variables and sex and age as covariates for each analysis. 

155 To identify the changes in relative abundance of different cell types with S. mansoni infection, 

156 the proportions of different cell types in each sample were estimated from the expression data 

157 using Bisque (Jew et al., 2020). Single cell reference sequence data from bone marrow and 

158 peripheral blood from Chinese donors was obtained from 7551 individual human blood cells 

159 representing 32 leukocyte cell types (18). 

160 Association of DEGs with schistosomiasis or fibrosis

161 We searched Pubmed abstracts and titles using the name of each of the 63 differentially 

162 expressed genes and the terms “schistosomiasis” or “schistosoma” for association of the DEGs 

163 with schistosomiasis. We further searched using the term “fibrosis” with each of the unique 

164 DEGs for association with fibrosis. 

165

166 Results

167 Following the screening of 914 children aged between 10 – 15 years in Pakwach District, 727 

168 children were recruited for further studies (Mulindwa et., al., 2022) of which 152 children were 

169 recruited to participate in this gene expression study based on POC-CCA scores. Eighty (80) 

170 of the 152 samples passed the RNAseq quality control and were selected for sequencing to 

171 represent the extremes of infection intensity. Of the 80 sequenced, 11 lacked CAA results and 

172 were excluded (Figure 1).  PCA analysis identified five samples which did not cluster closely 

173 with the remaining samples and these were also removed (Figure S1), as these samples may 
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174 be from participants with different ethnicity or suffer from poor-quality of RNA. Therefore, 64 

175 samples were analysed for gene expression in peripheral blood of children aged between 10 – 

176 15 years of which; 34 (17: high infection intensity, 5: low infection intensity, 12: uninfected) 

177 were male and 30 (17: high infection intensity, 5: low infection intensity, 8: uninfected) were 

178 female (Table 1). 

179 Differential expression of genes by comparing S. mansoni infection intensity 

180 categories

181 PCA analysis of gene expression data showed clear separation by gender on principal 

182 components 1 and 2 (Figure 2). Genes were defined as significantly differentially expressed 

183 between conditions using the following criteria: adjusted p-value <0.05; fold change (FC) Log2 

184 (FC) > 1.0 for up-regulated genes and Log2 (FC) < -0.8 for down regulated genes. The numbers 

185 of differentially expressed up and down regulated genes for each of four contrasts: 1) all 

186 infected vs uninfected (IU), 2) high infection vs uninfected (HU), 3) high infection vs low 

187 infection (HL), and 4) low infection vs uninfected (LU) are shown in Table 2. 

188 Gene expression differences between infected and uninfected children 

189 We found that 14 genes were significant differentially expressed between infected and 

190 uninfected children of which 9 (64%) were upregulated and 5 (36%) were down regulated 

191 among infected individuals compared to uninfected (IU) (Tables 2 and 3 and Figure 3A). 

192 Enriched pathways (Table 4) were identified using the REACTOME online tool and GOnet 

193 Table S1. Of the upregulated genes, when infected were compared to uninfected, only the 

194 CAP-Gly domain containing linker protein 1 (CLIP1) gene was found in REACTOME.  

195 Among the significant downregulated genes, two genes (SUZ12 and TRBC2) were found in 

196 REACTOME. Seventeen (17) enriched pathways were identified. These included pathways 

197 involved in senescence, T cell signalling, PRC2 methylation of histones and DNA by PRC2, 

198 defective pyroptosis, transcriptional regulation, and embryogenesis (Table 4).
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199 Pathways enriched by significant DEGs between varying infection 

200 intensities. 

201 We identified 56 significant DEGs (Table 2) listed in Table 5 among the children with high S. 

202 mansoni infection compared to the uninfected of which 43 (77%) were upregulated and 13 

203 (23%) were downregulated (Figure 3B). Of the significant DEGs, five (5) upregulated genes; 

204 PGD, BLM, CLIP1, SP110 and ACSM1 and six (6) downregulated genes; ITGA4, SLC12A1, 

205 SUZ12, A1CF, AKR1A1 and OGT were found in enriched pathways in REACTOME (Table 

206 S2). The enriched pathways for the upregulated genes were associated with cellular 

207 metabolism, protein regulation and inflammation whereas the pathways of downregulated 

208 genes were associated with immune response and cell migration, fibrosis, and necrosis.

209 We identified 33 significant DEGs (Table S3 and Figure 3C) among individuals with high 

210 infection compared with those with low infection (HL). Of these, two (2) upregulated genes; 

211 8-oxoguanine DNA glycosylase (OGG1) and proteasome 20S subunit beta 7 (PSMB7) were 

212 found in enriched pathways. The enriched pathways (Table S4) were associated with pro-

213 inflammatory response, fibrosis and chemostasis control. None of the downregulated genes, 

214 were found in REACTOME. Of note, there were no significant differentially expressed genes 

215 when individuals with low infection were compared with the uninfected (LU) (Figure 3D).

216 Association of DEGs with schistosomiasis or fibrosis

217 We searched Pubmed abstracts and titles with each gene name and the term schistosomiasis or 

218 fibrosis. None of the 63 genes had informative associations with schistosomiasis. 27 gene 

219 names appeared in articles that also mentioned fibrosis (Table S5) and 13 of these had well 

220 documented associations with fibrosis. Seven genes were also associated with TGFB1 (Table 

221 S6). 
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222 Expression of genes associated with stunting and BMI in S. mansoni infected 

223 children

224 The mean height for age of the children in the study was in the bottom 3 percent for all children 

225 worldwide and 48% of children met the WHO definition of being stunted (height for age < - 2 

226 SD of global mean). To identify the association of stunting and BMI with gene expression in 

227 S. mansoni infected children, we conducted a linear regression analysis using height for age Z-

228 scores (HAZ) and body mass index (BMI) scores respectively. We identified significant 

229 differential expression of the neutral cholesterol ester hydrolase 1 (NCEH1) in stunting which 

230 was up regulated with log fold change of 1.28 and p-adj value <0.05. Additionally, we 

231 identified four genes with expression that was significantly associated with increase in BMI of 

232 which three (MUC5B, DMD and REXO1L1P) were upregulated while one (SERPINA10) was 

233 downregulated (Figure 4 and Table S7). Functional analysis of the expressed genes showed 

234 that stunting was linked to pathways of catabolic process and lipid metabolic processes. The 

235 genes upregulated in children with high BMI were linked to pathways involved with 

236 biosynthesis, signal transduction, cellular nitrogen compound metabolic processes and cellular 

237 protein modification among others (Table S8). 

238 Cell type analysis

239 To identify the changes in cell type expression with S. mansoni infection, the proportions of 

240 different cell types in each sample were estimated using Bisque (Jew et al., 2020). We used a 

241 2-sided T-test to identify cell types with significant differences in the proportions of each cell 

242 type in the blood of infected and uninfected children (Figure S2). Of the 32 cell types 

243 evaluated, only Multipotent Progenitors (MPPs) had a significant difference in abundance and 

244 were significantly downregulated with a p-value of 0.012 in S. mansoni infected individuals 

245 compared to the uninfected individuals (Table S9). 

246
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247 Discussion

248 Previous studies have shown that mammalian host response to Schistosoma infection varies, 

249 with some individuals being more susceptible to infection than others. We previously showed 

250 high prevalence of S. mansoni infection among children living along Lake Albert in Uganda 

251 and the same children also had high levels of wasting and stunting although this was not 

252 correlated with Schistosoma infection (4). In this study, we present for the first time, data on 

253 gene expression in peripheral blood of S. mansoni infected children. Gene expression was 

254 compared between all infected vs uninfected (IU), highly infected vs uninfected (HU), highly 

255 infected vs low infected (HL), and lightly infected vs uninfected (LU). Similar to findings by 

256 Dupnik and colleagues, we observed sufficient difference in gene expression between males 

257 and females for the two sexes to cluster separately in the principal components analysis (Figure 

258 2) (9). Like other chronic infections (19,20), we observed only 63 DEGs in the S. mansoni 

259 infected. Additionally, our data showed gene expression differences when children with high 

260 S. mansoni infection intensity were compared with low infection intensities and uninfected 

261 whereas there was no significant differential gene expression between children with low 

262 infection compared to the uninfected. This suggests that gene expression is scarcely perturbed 

263 in individuals with low S. mansoni infection. We searched Pubmed abstracts and titles using 

264 each of the 63 unique differentially expressed gene names and the terms “schistosomiasis” or 

265 “schistosoma” and none of the differentially expressed genes had previously been associated 

266 with the response to Schistosoma infection.    

267 Our comparison of S. mansoni infected children with uninfected highlighted enrichment of 

268 pathways through interaction with CLIP1 among the upregulated genes. CLIP1 mediates 

269 microtubule capture through the interaction with RHO GTPases activating the IQGAPs 

270 pathway (21). Microtubule capture may be linked to wound healing through stimulation of cell 
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271 migration and fibroblasts (22,23) and is involved in T Cell regulation (23–25). This finding is 

272 similar to previous murine findings that demonstrated the upregulation of fibrosis linked genes 

273 in the late stages of S. japonicum infection (5,6,26). Furthermore, enrichment of the 

274 SUMOylation of DNA replication protein pathways indicate a potential role of CLIP1 in the 

275 host immune response. Pathogens have been shown to modulate this pathway to evade the 

276 immune system (27). The upregulation of CLIP1 was coupled with downregulation of immune 

277 related genes of which we identified T cell receptor beta constant 2 (TRBC2) and SUZ12 

278 polycomb repressive complex 2 subunits (SUZ12) to be linked to pathways in REACTOME. 

279 The T cell receptor beta constant 2 (TRBC2) was found to be associated with T cell signalling 

280 and regulation pathways. 

281 Genes associated with fibrosis.

282 Whilst schistosome infections cause lethargy and other non-specific symptoms, death is mainly 

283 caused by the fibrosis accumulating around eggs lodged in the tissues, particularly in the 

284 hepatic portal vein. A search through Pubmed abstracts and titles using the term “fibrosis” with 

285 each of the 63 genes in turn identified 27 gene names that appeared in articles that also 

286 mentioned fibrosis of which 13 had well documented associations with fibrosis (Table S5). 

287 Although our study was of whole blood and schistosomiasis associated fibrosis occurs in 

288 extracellular matrix, six of the 13 of the well documented DEGS associated with fibrosis had 

289 been previously found to be differentially expressed in comparisons of liver fibroses with 

290 healthy tissues (28) suggesting that expression data from whole blood could be informative. 

291 For 11 genes it was possible to predict a direction of effect on fibrosis that would be caused by 

292 a change in gene expression. The expression changes in five genes (OGG1, OGT, ITGA4, PRMT7, 

293 SUZ12), were predicted to increase fibrosis in participants with high parasitaemia and the 

294 remaining 6 genes (MALAT1, TPT1, A1CF, SSPN, SUV39H1, ZNF217) were predicted to reduce 

295 fibrosis. Therefore, it is not possible to predict the risk of fibrosis in these participants from 
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296 their expression profiles. A prospective study to determine whether these genes could be useful 

297 biomarkers of morbidity risk may be more informative. 

298 TGFB1 has been described as the master regulator of fibrosis (29). Although it was not 

299 differentially expressed in our study, seven of the 13 genes associated with fibrosis were also 

300 associated with TGFB1. SUZ12 suppresses p27 (30) and p27 promotes TGFB1 mediated 

301 pulmonary fibrosis (31). Furthermore, THBS1 modulates the TGFB1/Smad2/3 signalling 

302 pathways (32), OGG1 promotes TGFB1 induced cell transformation and activated Smad2/3 by 

303 interacting with Smad7 (33). ITGA4 and TGFB1 have been found to be co-expressed in four 

304 cancer studies (34–37). Additionally, MALAT1 has been found to modulate TGFB1 induced 

305 epithelial to mesenchymal transition in keratinocytes (38) and TPT1 negatively regulates the 

306 TGFB1 signalling pathway by preventing TGFB1 receptor activation (39). These findings 

307 indicate an interplay of fibrosis enhancers and modulators in S. mansoni infected children 

308 living along the Albert Nile in Uganda. 

309 Gene expression and stunting and BMI

310 We identified significant differential expression of one gene, the neutral cholesterol ester 

311 hydrolase 1 (NCEH1) in stunting as measured by HAZ scores. This gene is involved in the 

312 breakdown of cholesterol esters in macrophages which makes them available for export and 

313 recycling to the liver (40). It is possible that in stunted children there is a higher rate of 

314 cholesterol recycling to make best use of limited lipid resources. Additionally, four DEGS were 

315 associated with BMI of which three (MUC5B, DMD and REXO1L1P) were upregulated 

316 whereas one (SERPINA10) was downregulated. The increased expression of MUC5B with BMI 

317 is consistent with previous observations on the role of obesity in lung function (41) since 

318 increased expression of MUC5B has been reported to mediate chronic obstructive pulmonary 

319 disease development through regulation of inflammation and goblet cell differentiation (42). 

320 Changes in cell type frequency
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321 Our analysis of the relative abundance of different cell types showed significant 

322 downregulation of Multipotent Progenitor cells (MPPs) in the children infected with S. 

323 mansoni. MPPs are thought to regulate HSC proliferation in response to inflammation (43) and 

324 play a role in regulation of immune response (44). S. mansoni antigens are known to suppress 

325 Th1 and Th17 pathways whilst stimulating Th2, B regs and T regs (45). The reduction in 

326 relative abundance of MPPs may contribute to this process.

327

328 Conclusion

329  Our study shows evidence of differential expression of genes in S. mansoni infection in 

330 children living in endemic areas. The low number of differentially expressed genes may be due 

331 to S. mansoni having to avoid stimulating a strong immune response in order to survive for 

332 years in the host. As such the parasite is known to suppress inflammatory responses leading to 

333 a relatively weak effect of the parasite on the host transcriptome (45). Furthermore, many of 

334 the children in this study suffered from severe stunting and most were underweight. 

335 Malnutrition is associated with increased risk of death from infections and may impair the 

336 immune response (46). Therefore, malnutrition may have reduced the response to S. mansoni 

337 infection and the number of differentially expressed genes. Importantly we have also identified 

338 genes that may be involved in the development of fibrosis which is the principal pathology 

339 associated with schistosomiasis. Follow up studies will be required to determine if expression 

340 of these genes correlates with the development of hepatic fibrosis in these children. We also 

341 show that there is no significant difference in gene expression between individuals with low 

342 levels of infection and the uninfected; further studies are required to elucidate this finding. 
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529 Figures

530 Figure 1: Screening and recruitment of children for differential gene expression. Of 727 

531 children recruited for the schistosomiasis study project, 152 were recruited for gene expression 

532 studies. Seventy-one (71) were excluded for not meeting the sequencing criteria hence 81 

533 samples from recruited children were sequenced. One (1) sample did not pass the QC; 64 

534 samples were analysed for differentially expressed genes following removal of outliers and 

535 samples without CAA results. 

536 Figure 2: PCA showed clustering of differentially expressed genes by gender when S. 

537 mansoni infected children were compared to uninfected. 

538 Figure 3: Differential expression of genes between S. mansoni infected and uninfected 

539 individuals. 3A Fourteen (14) significant DEGs (9 upregulated and 5 down regulated) were 

540 identified among the S. mansoni infected children compared with the uninfected. 3B Fifty-six 
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541 (56) significant DEGs (43 upregulated and 13 downregulated) were identified among children 

542 with high S. mansoni infection intensity compared to the uninfected. 3C Thirty-three (33) 

543 significant DEGs (30 upregulated and 3 downregulated) were identified among children with 

544 high S. mansoni infection intensity compared to those with low infection intensity. 3D No 

545 significant DEGs were identified among children with low S. mansoni infection intensity 

546 compared to the uninfected.

547 Figure 4: A shows differential expression of genes with stunting. One gene (NCEH1) was 

548 significantly upregulated in stunting. B shows differential expression of genes with BMI. Two 

549 genes (MUC5B and DMD were upregulated whereas one gene (SERPINA10) was 

550 downregulated by increased BMI. 

551 Supplementary data

552 Supplementary figures

553 Figure S1: Principal component analysis of all sequenced samples with CAA results  

554 Figure S2: Difference in abundance of cell types in S. mansoni infected compared to uninfected 

555 individuals

556 Supplementary tables

557 Table S1. GO terms and pathways associated with differentially expressed genes and infection 

558 status

559 Table S2: REACTOME enriched pathways for significant DEGs identified between children 

560 with high S. mansoni infection intensity compared to the uninfected

561 Table S3: Significant DEGs between children with high S. mansoni infection intensity 

562 compared to those with low infection intensity.
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563 Table S4: REACTOME enriched pathways for significant DEGs identified between children 

564 with high S. mansoni infection intensity compared to those with low infection intensity.

565 Table S5: DEGs that may be associated with fibrosis. 

566 Table S6: DEGs associated with TGFB1.

567 Table S7: Expressed genes in stunting and BMI.

568 Table S8: GO terms and pathways associated with differentially expressed genes by stunting 

569 and BMI. 

570 Table S9: Cell types that differ in relative abundance between S. mansoni infected and 

571 uninfected children.

572 Tables

573 Table 1: Summary of the study sample data by sex and S. mansoni infection status using 

574 CAA concentration in pg/ml

575
576
577 Table 2: Summary of number of significant upregulated and downregulated DEGs in the 

578 different comparisons 

Pair (total observations) Details DEGs Up

regulated

Down

regulated

                               Gender

Infection Intensity

Male (n=34) Female (n=30) Total (n=64)

High (>1000 pg/ml) 17 17 34

Low (25 to <1000 pg/ml) 5 5 10

Negative (<25 pg/ml) 12 8 20

Total 34 30 64
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All infected vs uninfected (n=64) Infected: 44

Uninfected: 20

14 9 (64%) 5 (36%)

High vs uninfected (n=54) High: 34

Uninfected: 20

56 43 (77%) 13 (23%)

High vs low infected (n=44) High: 34

Low: 10

33 30 (91%) 3 (9%)

Low vs uninfected (n=30) Low: 10

Uninfected: 20

- - -

579

580 Table 3:  List of the significant DEGs between S. mansoni infected and uninfected children

GeneName log2FoldChange pvalue padj GeneType State

CCDC168 2.27522671 4.66E-05 0.0323618 protein_coding

AP003498.2 1.88348776 1.67E-05 0.02174276 lncRNA

AC115485.1 1.74002755 1.05E-05 0.02004567 lncRNA

VN1R110P 1.46438111 8.65E-05 0.03969168 processed_pseudogene

SRGAP3-AS2 1.29781804 3.09E-05 0.02674836 lncRNA

AC104035.1 1.26033894 5.55E-05 0.03463305 lncRNA

CLIP1 1.22043839 1.20E-05 0.02004567 protein_coding

LINC00945 1.06990044 8.81E-05 0.03969168 lncRNA

AC005153.1 1.02430899 8.67E-05 0.03969168 lncRNA

U
pr

eg
ul

at
ed

ZNF217 -0.8746193 0.00010464 0.03980514 protein_coding

RN7SKP203 -1.1980276 4.13E-06 0.02004567 misc_RNA

AC234775.2 -1.4148175 0.00011825 0.04390895 processed_pseudogene

SUZ12 -1.5855189 3.03E-05 0.02674836 protein_coding D
ow

nr
eg

ul
at

ed
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TRBC2 -1.6366035 8.82E-06 0.02004567 TRCgene

581

582

583 Table 4: REACTOME enriched pathways for the significant DEGs between S. mansoni 

584 infected and uninfected children

Pathway Pathway name Genes pValue Comparison

R-HSA-5626467 RHO GTPases activate IQGAPs CLIP1 0.027 IU - up
R-HSA-4615885 SUMOylation of DNA replication 

proteins
CLIP1 0.042 IU - up

R-HSA-2559580 Oxidative Stress Induced Senescence SUZ12 8.23E-04 IU - down
R-HSA-2559583 Cellular Senescence SUZ12 0.0025 IU - down
R-HSA-202430 Translocation of ZAP-70 to 

Immunological synapse
TRBC2 0.0164 IU - down

R-HSA-212300 PRC2 methylates histones and DNA SUZ12 0.0172 IU - down
R-HSA-202427 Phosphorylation of CD3 and TCR 

zeta chains
TRBC2 0.0176 IU - down

R-HSA-389948 PD-1 signaling TRBC2 0.0176 IU - down
R-HSA-8953750 Transcriptional Regulation by E2F6 SUZ12 0.0179 IU - down
R-HSA-3214841 PKMTs methylate histone lysines SUZ12 0.0199 IU - down
R-HSA-9710421 Defective pyroptosis SUZ12 0.0203 IU - down
R-HSA-202433 Generation of second messenger 

molecules
TRBC2 0.0230 IU - down

R-HSA-4551638 SUMOylation of chromatin 
organization proteins

SUZ12 0.0242 IU - down

R-HSA-8943724 Regulation of PTEN gene 
transcription

SUZ12 0.02724 IU - down

R-HSA-9645723 Diseases of programmed cell death SUZ12 0.03796771 IU - down
R-HSA-388841 Costimulation by the CD28 family TRBC2 0.038348851 IU - down
R-HSA-5617472 Activation of anterior HOX genes in 

hindbrain development during early 
embryogenesis

SUZ12 0.044809026 IU - down

R-HSA-5619507 Activation of HOX genes during 
differentiation

SUZ12 0.044809026 IU - down

R-HSA-202424 Downstream TCR signaling TRBC2 0.04783657 IU - down
585

586

587
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588 Table 5: lists the significant DEGs between children with high S. mansoni infection intensity compared to uninfected. A total of 56 (43 upregulated and 13 
589 downregulated) DEGs between children with high S. mansoni infection intensity and the uninfected were observed.

Comparison GeneName log2FoldChange pvalue padj GeneType GeneDescription
CCDC168 2.59295386 4.09E-06 0.00444671 protein_coding coiled-coil domain containing 168 
ZNF385B 1.70052058 0.00014699 0.01526606 protein_coding zinc finger protein 385B 
GLOD5 1.60135226 2.41E-05 0.00690081 protein_coding glyoxalase domain containing 5 
SSPN 1.49913759 0.000167 0.01597466 protein_coding sarcospan
AP000484.1 1.48363933 0.00018252 0.01657683 processed_pseudogene zinc finger pseudogene
BLM 1.45917067 3.70E-05 0.0077654 protein_coding BLM RecQ like helicase 
AC127521.1 1.45692795 0.00026549 0.02095318 lncRNA novel transcript, antisense to SPNS3
AC008505.1 1.4544474 0.00011933 0.01384351 lncRNA novel transcript
SRGAP3-
AS2

1.43254479 2.45E-06 0.00418023 lncRNA SRGAP3 antisense RNA 2

AC104035.1 1.42114006 1.48E-05 0.00556939 lncRNA novel transcript
CLIP1 1.39712612 2.68E-06 0.00418023 protein_coding CAP-Gly domain containing linker 

protein 1
AC092745.1 1.37263866 0.00035827 0.02504414 lncRNA novel transcript
AC005703.6 1.31559586 6.95E-06 0.005411 TEC novel transcript
AL049548.1 1.28684828 1.27E-05 0.00554087 lncRNA novel transcript
SP110 1.26219484 2.53E-05 0.00690081 protein_coding SP110 nuclear body protein 
LINC00945 1.23765997 1.59E-05 0.00559496 lncRNA long intergenic non-protein coding 

RNA 945 
CHDH 1.20212922 0.00039212 0.0262338 protein_coding choline dehydrogenase 
PRMT7 1.20008928 4.40E-05 0.00812336 protein_coding protein arginine methyltransferase 7 
SRGAP3-
AS3

1.17424132 3.02E-05 0.00742572 lncRNA SRGAP3 antisense RNA 3

EPN2-AS1 1.16898483 0.00015706 0.01572652 lncRNA EPN2 antisense RNA 1 

H
ig

h 
vs

 u
ni

fe
ct

ed

AL031717.1 1.16649869 0.00012754 0.01433814 lncRNA novel transcript, antisense to 
MAPK8IP3
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CCDC141 1.14625368 1.89E-05 0.0059506 protein_coding coiled-coil domain containing 141
OLIG1 1.13126775 2.32E-05 0.00690081 protein_coding oligodendrocyte transcription factor 

1 
AC037198.2 1.11971342 0.00116746 0.04762653 lncRNA novel transcript, antisense to THBS1
CCDC86 1.11914281 8.39E-05 0.01203565 protein_coding coiled-coil domain containing 86
OLIG2 1.10802485 3.06E-05 0.00742572 protein_coding oligodendrocyte transcription factor 

2
AL049647.1 1.1042126 1.64E-05 0.00559496 lncRNA novel transcript
CUEDC1 1.08992873 0.00025955 0.02095318 protein_coding CUE domain containing 1 
ACSM1 1.08276336 1.74E-05 0.00575836 protein_coding acyl-CoA synthetase medium chain 

family member 1 
AC091117.2 1.0777956 0.0012653 0.04916389 lncRNA novel transcript, antisense to SORD
AC005153.1 1.0732048 0.00014873 0.01530049 lncRNA novel transcript, antisense to GRB10
AC025278.1 1.06872568 0.00030718 0.02294416 lncRNA novel transcript, antisense to 

EMR4P
AC007327.2 1.05198324 0.00048388 0.02967028 lncRNA novel transcript
AC124283.4 1.04452886 0.00070679 0.03652861 processed_pseudogene ADP-ribosylation factor-like 2 

binding protein (ARL2BP) 
pseudogene

PGD 1.03309012 0.00056168 0.03190168 protein_coding phosphogluconate dehydrogenase
AC090907.1 1.03257997 1.04E-05 0.00554087 lncRNA novel transcript, antisense to LRRK1
FAM170B-
AS1

1.02621198 6.37E-06 0.00534105 lncRNA FAM170B antisense RNA 1

KIF1B 1.02534951 2.85E-07 0.00103554 protein_coding kinesin family member 1B
AC135048.4 1.02439271 0.00020387 0.0176447 TEC novel transcript
AL136090.1 1.01959472 0.00082991 0.03966962 lncRNA novel transcript
SETP11 1.01939623 2.53E-05 0.00690081 processed_pseudogene SET pseudogene 11 
SUV39H1 1.00861108 7.93E-05 0.01168798 protein_coding suppressor of variegation 3-9 

homolog 1 
AL132642.1 1.00219447 1.42E-05 0.00554087 lncRNA novel transcript, antisense to ASB2
ITGA4 -0.8029889 4.69E-05 0.00829841 protein_coding integrin subunit alpha 4 

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted June 13, 2023. ; https://doi.org/10.1101/2023.06.13.544714doi: bioRxiv preprint 

https://doi.org/10.1101/2023.06.13.544714
http://creativecommons.org/licenses/by/4.0/


LINC01712 -0.804547 0.00117351 0.04762653 lncRNA long intergenic non-protein coding 
RNA 1712 

OGT -0.8985712 3.58E-05 0.00769077 protein_coding O-linked N-acetylglucosamine 
(GlcNAc) transferase 

A1CF -0.8993234 0.00099447 0.04372856 protein_coding APOBEC1 complementation factor 
AKR1A1 -0.945478 0.00017262 0.01609319 protein_coding aldo-keto reductase family 1 

member A1 
MS4A6A -0.9573266 0.00075701 0.03769507 protein_coding membrane spanning 4-domains A6A 
ZNF217 -0.9864463 5.94E-05 0.00981429 protein_coding zinc finger protein 217 
MALAT1 -1.0053315 1.12E-05 0.00554087 lncRNA metastasis associated lung 

adenocarcinoma transcript 1 
TPT1 -1.0178706 0.00013564 0.01479141 protein_coding tumor protein, translationally 

controlled 1 
MED7 -1.1085708 0.00034823 0.02465889 protein_coding mediator complex subunit 7 
RNY1 -1.413451 0.00057363 0.03207941 misc_RNA RNA, Ro60-associated Y1 
SUZ12 -1.9684361 9.71E-07 0.00264642 protein_coding SUZ12 polycomb repressive 

complex 2 subunit 
SLC12A1 -2.5873493 4.89E-05 0.00834908 protein_coding solute carrier family 12 member 1 

590
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