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Software and code
Policy information about availability of computer code
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- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability
- For clinical datasets or third party data, please ensure that the statement adheres to our policy 
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All studies must disclose on these points even when the disclosure is negative.
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Reporting for specific materials, systems and methods
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Hazards
Could the accidental, deliberate or reckless misuse of agents or technologies generated in the work, or the application of information presented in the manuscript, pose a threat to:
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	Double-anonymous peer review submissions: write DAPR and your manuscript number here instead of author names.: Sergio Verjovski-Almeida
	YYYY-MM-DD: 2023-10-06
	na: 
	y: 
	Provide a description of all commercial, open source and custom code used to collect the data in this study, specifying the version used OR state that no software was used.: PhIP-Seq procedures: IgG quantification –Spectramax Paradigm (Molecular Devices).; high-througput paired-end DNA sequencing data collection - Illumina HiSeqXTen. Peptide array procedures: slides scanning: Agilent G2505C Sure-scan High-resolution technology scanner Dot blot: scanning of developed films - ImageQuant Las400 (GE Healthcare).
	Provide a description of all commercial, open source and custom code used to analyse the data in this study, specifying the version used OR state that no software was used.: PhIP-Seq: fastp (v.0.19.5), Bowtie2 (v 2.3.4.3), Samtools (v 1.8). Analyses of enriched peptides: fasterq-dump (v.3.0.2), vdb-validate (v.3.0.2), fastp (v.0.19.5), STAR (v 2.7.3a), RSEM (v 1.3.1), Deeploc2 (v 2). Peptide array: Innopsys MAPIX, pepStat package Bioconductor (v 3.17). Dot-blot: ImageJ (v 1.8.0_345).
	Note the sampling procedure. Describe the statistical methods that were used to predetermine sample size OR if no sample-size calculation was performed, describe how sample sizes were chosen and provide a rationale for why these sample sizes are sufficient.: The PhIP-Seq data generated in this study have been deposited in the NCBI Sequence Read Archive (SRA) under Accession number PRJNA998398. All other data supporting the findings of this study are available within the article and its Supporting Information files.
	Note the sampling procedure. Describe the statistical methods that were used to predetermine sample size OR if no sample-size calculation was performed, describe how sample sizes were chosen and provide a rationale for why these sample sizes are sufficient.: Rhesus macaques: We used plasma samples that were collected in a previous project (Amaral et al., 2021 https://doi.org/10.1038/s41467-021-26497-0), in which we infected and challenged 12 rhesus macaques with 700 cercariae of Schistosoma mansoni. Rhesus macaques are outbred animals, and previous experiments (Wilson et al., 2008 and Li et al., 2015) have suggested a wide range of responses among these animals. To increase the statistical power of our analysis, we decided to increase the number of rhesus macaques compared to previous works (both Wilson et al., 2008 and Li et al., 2015 studies used 6 rhesus macaques). We also followed the recommendations of the Weatherall report (2006) on “The use of non-human primates in research” and the UK NC3Rs Guidelines “Primate accommodation, care and use (revised version, October 2017)”, which support the replacement, refinement and reduction of primate use in research. Mice immunization assay: we immunized in a pilot vaccine trial assay 7 Balb/c mice with a pool of phages expressing 36 Schistosoma-peptides and another 7 Balb/c mice with WT-control phages (with no inserts). This number of animals was based on a previous vaccine protection assay from Larocca, R.A. et al., Nature 536, 474-478 (2016).
	Describe the covariate-relevant population characteristics of the human research participants (e.g. age, genotypic information, past and current diagnosis and treatment categories). If you filled out the behavioural & social sciences study design questions and have nothing to add here, write "See above.": 
	Describe how participants were recruited. Outline any potential self-selection bias or other biases that may be present and how these are likely to impact results.: 
	Identify the organization(s) that approved or provided guidance on the study protocol, OR state that no ethical approval or guidance was required and explain why not.: Balb/c mice: female (n= 21); hamster: female (n=5); rhesus macaques: females (n=12)
	Identify the organization(s) that approved or provided guidance on the study protocol, OR state that no ethical approval or guidance was required and explain why not.: Twelve adult female rhesus macaques (Macaca mulatta) from the captive-breeding colony at the Central Animal Facility at Butantan Institute were group-housed for the whole experiment, permitting social interactions, continuous socialization and colony welfare. Animal ages ranged from 7 to 16 years-old and the animals underwent hematological, parasitological, and clinical tests before the beginning of experiments. The facility is accredited by Conselho Nacional de Controle de Experimentação Animal (CONCEA). Housing conditions of the rhesus macaques and experimental protocols used in the study were in strict accordance with the Ethical Principles in Animal Research adopted by the Conselho Nacional de Controle de Experimentação Animal (CONCEA) and were approved by the Institutional Animal Care and Use Committee of Instituto Butantan (CEUAIB 1388/ 15). The study was carried out in compliance with the ARRIVE guidelines. The design and execution of the study complied with the recommendations of the Weatherall report (2006) “The use of non-human primates in research”, in which there are sections dealing with the continued need for primates in schistosomiasis research, particularly in vaccine development. The study also complied with principles set out in the UK NC3Rs Guidelines Primate accommodation, care and use (revised version, October 2017) (http://www.nc3rs.org.uk/primatesguidelines). Housing conditions of the Syrian hamsters (Mesocricetus auratus) and experimental procedures used in this study were also in strict accordance with the Ethical Principles in Animal Research adopted by the CONCEA and the animals’ colony was submitted to standard tests  before the experiment that confirmed the absence of pathogens, according to the Federation of European Laboratory Animal Science Associations (FELASA) guidelines on health monitoring; the experimental protocol was approved by the Ethics Committee for Animal Experimentation of Butantan Institute (CEUAIB nº 9416110219/ID 001708). Housing conditions and experimentation with mice (Mus musculus) were also in strict accordance with the Ethical Principles in Animal Research adopted by the CONCEA and the animals’ colony was regularly submitted to standard tests before the experiment that confirmed the absence of pathogens, according to the FELASA guidelines on health monitoring; the experimental protocol was approved by the Ethics Committee for Animal Experimentation of Butantan Institute (CEUAIB nº 9667040520). 
	life: 
	behavioural: 
	eee: 
	If no data were excluded from the analyses, state so OR if data were excluded, describe the exclusions and the rationale behind them, indicating whether exclusion criteria were pre-established.: Phage Immunoprecipitation-Sequencing (PhIP-Seq): as we have previously reported (Amaral et al., 2021 https://doi.org/10.1038/s41467-021-26497-0), rhesus macaque 1 (Rh1) was considered an outlier because an accidental leakage of liquid from the metal ring during infection resulted in this animal receiving a lower dose of cercariae at week 0; Rh10 was an outlier because this macaque became seriously unwell after Wk10 post-infection and had to be withdrawn from the study. Therefore, their plasma samples were not included in the PhIP-Seq assay.Peptide microarray: here, we excluded samples from outliers (rhesus 1 and 10) and from medium responders to the infection (rhesus 7 and 12) based on our previous analysis (https://doi.org/10.1038/s41467-021-26497-0). Medium responders were excluded from this assay due to a limited number of available peptide microarrays.
	Describe the measures taken to verify the reproducibility of the experimental findings. If all attempts at replication were successful, confirm this OR if there are any findings that were not replicated or cannot be reproduced, note this and describe why.: PhIP-Seq: Ten biological replicates (10 rhesus macaques plasma samples at each time point). Each biological replicate was analyzed with 2 technical replicates (IP and sequencing) according to Larman, H., Zhao, Z., Laserson, U. et al. Autoantigen discovery with a synthetic human peptidome. Nat Biotechnol 29, 535–541 (2011), https://doi.org/10.1038/nbt.1856. Peptide microarray: 8 biological replicates (plasma samples from 8 rhesus macaques), no technical replicates. Dot blot: Dot Blot: eight biological replicates (plasma samples from eight rhesus macaques), no technical replicates. Immunization of mice: seven  biological replicates per group (seven mice immunized with phages encoding S. mansoni peptides and seven mice immunized with wild type control phages (no insert)).
	Describe how samples/organisms/participants were allocated into groups. If allocation was not random, describe how covariates were controlled. If this is not relevant to your study, explain why.: Randomization was not performed in the rhesus macaque population, since this study assessed changes after infection and after challenge in all individuals within the same experimental group. 
	Describe the extent of blinding used during data acquisition and analysis. If blinding was not possible, describe why OR explain why blinding was not relevant to your study.: Blinding of rhesus macaques was not performed since all study rhesus macaques belonged to one experimental group. Mice immunization assay: Immunized mice perfusion and parasite recovering and counting were performed in a blind manner.
	Briefly describe the study type including whether data are quantitative, qualitative, or mixed-methods (e.g. qualitative cross-sectional, quantitative experimental, mixed-methods case study). : 
	State the research sample (e.g. Harvard university undergraduates, villagers in rural India) and provide relevant demographic information (e.g. age, sex) and indicate whether the sample is representative. Provide a rationale for the study sample chosen. For studies involving existing datasets, please describe the dataset and source.: 
	Describe the sampling procedure (e.g. random, snowball, stratified, convenience). Describe the statistical methods that were used to predetermine sample size OR if no sample-size calculation was performed, describe how sample sizes were chosen and provide a rationale for why these sample sizes are sufficient. For qualitative data, please indicate whether data saturation was considered, and what criteria were used to decide that no further sampling was needed.: 
	Provide details about the data collection procedure, including the instruments or devices used to record the data (e.g. pen and paper, computer, eye tracker, video or audio equipment) whether anyone was present besides the participant(s) and the researcher, and whether the researcher was blind to experimental condition and/or the study hypothesis during data collection.: 
	Indicate the start and stop dates of data collection, noting the frequency and periodicity of sampling and providing a rationale for these choices. If there is a gap between collection periods, state the dates for each sample cohort. Specify the spatial scale from which the data are taken: 
	State how many participants dropped out/declined participation and the reason(s) given OR provide response rate OR state that no participants dropped out/declined participation.: 
	If participants were not allocated into experimental groups, state so OR describe how participants were allocated to groups, and if allocation was not random, describe how covariates were controlled.: 
	Briefly describe the study. For quantitative data include treatment factors and interactions, design structure (e.g. factorial, nested, hierarchical), nature and number of experimental units and replicates.: 
	Describe the research sample (e.g. a group of tagged Passer domesticus, all Stenocereus thurberi within Organ Pipe Cactus National Monument), and provide a rationale for the sample choice. When relevant, describe the organism taxa, source, sex, age range and any manipulations. State what population the sample is meant to represent when applicable. For studies involving existing datasets, describe the data and its source.: 
	Describe the data collection procedure, including who recorded the data and how.: 1
	Describe the measures taken to verify the reproducibility of experimental findings. For each experiment, note whether any attempts to repeat the experiment failed OR state that all attempts to repeat the experiment were successful.: 
	Describe the study conditions for field work, providing relevant parameters (e.g. temperature, rainfall).: 
	State the location of the sampling or experiment, providing relevant parameters (e.g. latitude and longitude, elevation, water depth).: 
	Describe the efforts you have made to access habitats and to collect and import/export your samples in a responsible manner and in compliance with local, national and international laws, noting any permits that were obtained (give the name of the issuing authority, the date of issue, and any identifying information).: 
	Describe any disturbance caused by the study and how it was minimized.: 
	Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches, gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor was applied.: Peptide microarray: goat anti-Human IgG Fc Secondary Antibody, DyLight 650 - ThermoFisher (SA5-10137,  lot: XB3505142);  goat anti-mouse IgG F(c), DyLight 649 conjugated - Rockland Immunochemicals (610-143-003, lot: 21122);  Goat Anti-Syrian Hamster IgG H&L, DyLight 488 (ab102322, lot:1004942-1); goat anti-human IgG conjugated with HRP (Sigma-Aldrich A8667, lot: #087M4894V); Monkey IgG Elisa Kit - Abcam (ab190549, lot: GR3241552-8 and GR3241552-7)
	Describe any authentication procedures for each seed stock used or novel genotype generated. Describe any experiments used to assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism, off-target gene editing) were examined.: goat anti-Human IgG Fc Secondary Antibody, DyLight 650: This antibody is cross-adsorbed and exhibits minimum reactivity to bovine, chicken, horse, mouse, rabbit, rat and sheep. Anti-Human secondary antibodies are affinity-purified antibodies with well-characterized specificity for human immunoglobulins and are useful in the detection, sorting or purification of its specified target. Secondary antibodies offer increased versatility enabling users to use many detection systems (e.g. HRP, AP, fluorescence). They can also provide greater sensitivity through signal amplification as multiple secondary antibodies can bind to a single primary antibody. Most commonly, secondary antibodies are generated by immunizing the host animal with a pooled population of immunoglobulins from the target species and can be further purified and modified (i.e. immunoaffinity chromatography, antibody fragmentation, label conjugation, etc.) to generate highly specific reagents. The reactivity of this antibody to rhesus macaque (Macaca mulatta) IgG Fc is supported by the findings of Tolbert, W.D. et al. MAbs. 2019 Jun; 11(4): 709–724. doi: 10.1080/19420862.2019.1589852, who stated: "The overall topologies of the Macaca mulatta (Mm) IgG1-4 Fc domains closely resemble that of human, Homo sapiens (Hs), IgG1 (HsIgG1) with a classical immunoglobulin fold for the CH2 and CH3 domains".goat anti-Mouse IgG F(c), DyLight 649 conjugated: This product was prepared from monospecific antiserum by immunoaffinity chromatography using Mouse IgG coupled to agarose beads followed by solid phase adsorption(s) to remove any unwanted reactivities.  Assay by immunoelectrophoresis resulted in a single precipitin arc against anti-Goat Serum, Mouse IgG, Mouse IgG F(c) and Mouse Serum.  No reaction was observed against Mouse IgG F(ab)  This antibody will react with heavy chains of Mouse IgG.  Minimal reactivity is expected against other Mouse immunoglobulins. The emission spectra for this DyLight™ conjugate match the principle output wavelengths of most common fluorescence instrumentation. This product is designed for immunofluorescence microscopy, fluorescence based plate assays (FLISA) and fluorescent western blotting. This product is also suitable for multiplex analysis, including multicolor imaging, utilizing various commercial platforms.Goat Anti-Syrian Hamster IgG H&L, DyLight 488: By immunoelectrophoresis and ELISA this antibody reacts specifically with syrian hamster IgG and with light chains common to other syrian hamster immunoglobulins. No antibody was detected against non-immunoglobulin serum proteins. Less than 1% cross reactivity to bovine, chicken, goat, horse, human, mouse, rabbit, rat and sheep IgG was detected. This antibody may cross react with IgG from other species. Suitable for: IHC-P, ICC/IF, Flow Cyt. goat anti-human IgG conjugated with HRP: Goat Anti-Human IgG (whole molecule)-Peroxidase antibody binds to human IgG. Anti-Human IgG (whole molecule)-Peroxidase antibody produced in goat has also been used as a conjugate for gold nanoparticles (AuNPs) in electrochemical detection. Goat Anti-Human IgG (whole molecule)-Peroxidase antibody has been used for ELISA, dot blot and immunohistochemistry. Specificities of anti-human HIV-1 envelope antibodies was determined by ELISA using HRP-conjugated goat anti-human IgG at a dilution of 1:1000. The reactivity of this antibody to rhesus macaque (Macaca mulatta) IgG Fc is supported by the findings of Tolbert, W.D. et al. MAbs. 2019 Jun; 11(4): 709–724. doi: 10.1080/19420862.2019.1589852, who stated: "The overall topologies of the Macaca mulatta (Mm) IgG1-4 Fc domains closely resemble that of human, Homo sapiens (Hs), IgG1 (HsIgG1) with a classical immunoglobulin fold for the CH2 and CH3 domains".Monkey IgG Elisa Kit: Sensitivity: 1.894 ng/ml // Range: 7.8 ng/ml - 500 ng/ml // Sample type: Plasma, Serum // Detection method: Colorimetric // Assay type: Sandwich (quantitative) //Reacts with: Monkey
	State the source of each cell line used and the sex of all primary cell lines and cells derived from human participants or vertebrate models.: 
	Describe the authentication procedures for each cell line used OR declare that none of the cell lines used were authenticated.: 
	Confirm that all cell lines tested negative for mycoplasma contamination OR describe the results of the testing for mycoplasma contamination OR declare that the cell lines were not tested for mycoplasma contamination.: 
	Name any commonly misidentified cell lines used in the study and provide a rationale for their use.: 
	Provide provenance information for specimens and describe permits that were obtained for the work (including the name of the issuing authority, the date of issue, and any identifying information). Permits should encompass collection and, where applicable, export.: 
	deposition: 0
	If new dates are provided, describe how they were obtained (e.g. collection, storage, sample pretreatment and measurement), where they were obtained (i.e. lab name), the calibration program and the protocol for quality assurance OR state that no new dates are provided.: 
	datescheck: 0
	For laboratory animals, report species, strain and age OR state that the study did not involve laboratory animals.: Balb/c mice aged 35 days-old; Balb/c mice aged 95 days-old; golden Syrian hamsters (Mesocricetus auratus) aged 21 days-old; rhesus macaques (Macaca mulatta) ages ranged from 7 to 16 years-old.
	Provide details on animals observed in or captured in the field; report species and age where possible. Describe how animals were caught and transported and what happened to captive animals after the study (if killed, explain why and describe method; if released, say where and when) OR state that the study did not involve wild animals.: N/A
	For laboratory work with field-collected samples, describe all relevant parameters such as housing, maintenance, temperature, photoperiod and end-of-experiment protocol OR state that the study did not involve samples collected from the field.: This study did not involve samples collected from the field
	Provide the trial registration number from ClinicalTrials.gov or an equivalent agency.: 
	Note where the full trial protocol can be accessed OR if not available, explain why.: 
	Describe the settings and locales of data collection, noting the time periods of recruitment and data collection.: 
	Describe how you pre-defined primary and secondary outcome measures and how you assessed these measures.: 
	Describe any other significant impacts.: 
	calculatehazards: 
	Please describe the agents/technologies/information that may pose a threat, including any agents subject to oversight for dual use research of concern.: 
	Describe any other potentially harmful combination(s) of experiments and agents.: 
	calculateexperiments: 
	calculatehazardsexperiments: 
	Describe the precautions that were taken during the design and conduct of this research, or will be required in the communication and application of the research, to minimise biosecurity risks. These may include bio-containment facilities, changes to the study design/methodology or redaction of details from the manuscript.: 
	Describe any evaluations and oversight of biosecurity risks of this work that you have received from people or organizations outside of your immediate team.: 
	Describe the benefits that application or use of this work could bring, including benefits that may mitigate risks to public health, national security, or the health of crops, livestock or the environment.: 
	Describe whether the benefits of communicating this information outweigh the risks, and if so, how.: 
	graphfiles: 0
	For "Initial submission" or "Revised version" documents, provide reviewer access links.  For your "Final submission" document, provide a link to the deposited data.: 
	Provide a list of all files available in the database submission.: 
	Provide a link to an anonymized genome browser session for "Initial submission" and "Revised version" documents only, to enable peer review.  Write "no longer applicable" for "Final submission" documents.: 
	Describe the experimental replicates, specifying number, type and replicate agreement.: 
	Describe the sequencing depth for each experiment, providing the total number of reads, uniquely mapped reads, length of reads and whether they were paired- or single-end.: 
	Describe the antibodies used for the ChIP-seq experiments; as applicable, provide supplier name, catalog number, clone name, and lot number.: 2
	Specify the command line program and parameters used for read mapping and peak calling, including the ChIP, control and index files used.: 
	Describe the methods used to ensure data quality in full detail, including how many peaks are at FDR 5% and above 5-fold enrichment.: 
	Describe the software used to collect and analyze the flow cytometry data. For custom code that has been deposited into a community repository, provide accession details.: 
	axislabels: 0
	axisscales: 0
	plots: 0
	numberpercentage: 0
	Describe the sample preparation, detailing the biological source of the cells and any tissue processing steps used.: 
	Identify the instrument used for data collection, specifying make and model number.: 
	Describe the abundance of the relevant cell populations within post-sort fractions, providing details on the purity of the samples and how it was determined.: 
	Describe the gating strategy used for all relevant experiments, specifying the preliminary FSC/SSC gates of the starting cell population, indicating where boundaries between "positive" and "negative" staining cell populations are defined.: 
	gatingcheck: 0
	Indicate task or resting state; event-related or block design.: 
	Specify the number of blocks, trials or experimental units per session and/or subject, and specify the length of each trial or block (if trials are blocked) and interval between trials.: 
	State number and/or type of variables recorded (e.g. correct button press, response time) and what statistics were used to establish that the subjects were performing the task as expected (e.g. mean, range, and/or standard deviation across subjects).: 
	Specify: functional, structural, diffusion, perfusion.: 
	Specify in Tesla: 
	Specify the pulse sequence type (gradient echo, spin echo, etc.), imaging type (EPI, spiral, etc.), field of view, matrix size, slice thickness, orientation and TE/TR/flip angle.: 
	State whether a whole brain scan was used OR define the area of acquisition, describing how the region was determined.: 
	Specify # of directions, b-values, whether single shell or multi-shell, and if cardiac gating was used.: 
	Provide detail on software version and revision number and on specific parameters (model/functions, brain extraction, segmentation, smoothing kernel size, etc.).: 
	If data were normalized/standardized, describe the approach(es): specify linear or non-linear and define image types used for transformation OR indicate that data were not normalized and explain rationale for lack of normalization.: 
	Describe the template used for normalization/transformation, specifying subject space or group standardized space (e.g. original Talairach, MNI305, ICBM152) OR indicate that the data were not normalized.: 
	Describe your procedure(s) for artifact and structured noise removal, specifying motion parameters, tissue signals and physiological signals (heart rate, respiration).: 
	Define your software and/or method and criteria for volume censoring, and state the extent of such censoring.: 
	Specify type (mass univariate, multivariate, RSA, predictive, etc.) and describe essential details of the model at the first and second levels (e.g. fixed, random or mixed effects; drift or auto-correlation).: 
	Define precise effect in terms of the task or stimulus conditions instead of psychological concepts and indicate whether ANOVA or factorial designs were used.: 
	whole: 
	ROI: 
	both: 
	Describe how anatomical locations were determined (e.g. specify whether automated labeling algorithms or probabilistic atlases were used).: 
	Specify voxel-wise or cluster-wise and report all relevant parameters for cluster-wise methods.: 
	Describe the type of correction and how it is obtained for multiple comparisons (e.g. FWE, FDR, permutation or Monte Carlo).: 
	Report the measures of dependence used and the model details (e.g. Pearson correlation, partial correlation, mutual information).: 
	Report the dependent variable and connectivity measure, specifying weighted graph or binarized graph, subject- or group-level, and the global and/or node summaries used (e.g. clustering coefficient, efficiency, etc.).: 
	Specify independent variables, features extraction and dimension reduction, model, training and evaluation metrics.: 
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