Supplementary Materials

1.Supplementary Methods

S1. Specimen Collection and Diagnostic Testing

Fresh tissue specimens were collected from active skin lesions using a standardized protocol and underwent parallel conventional testing and MetaCAP analysis. Conventional testing included bacterial, fungal, and mycobacterial cultures, histopathologic examination with hematoxylin-eosin staining, and special stains including acid-fast, periodic acid-Schiff, and Gomori methenamine silver stains. MetaCAP was performed using high-throughput sequencing of microbial nucleic acids according to the manufacturer’s instructions and standard laboratory procedures.Pathogen identification was based on reads per million, relative confidence, and pathogen abundance, with contaminants, colonizers, and background organisms excluded. All MetaCAP results were independently reviewed and confirmed by 3 dermatologists. Clinical data, including demographic characteristics, medical history, lesion location, morphologic features, and symptoms, were collected for all patients and independently verified by 2 investigators.
S2. MetaCAP Workflow

Sample preparation 

For histopathological analysis, 8–10 paraffin sections (no fewer than 5), each approximately 4 μm thick, were collected. In addition, a fresh tissue specimen approximately the size of a mung bean was obtained. All specimens were placed in sterile 5 mL or 50 mL centrifuge tubes for transport. Paraffin sections were stored and transported at ambient temperature, whereas fresh tissues were refrigerated and transported within 72 hours or frozen and transported within 3 months. For paraffin-embedded samples, clean glass slides were used for mounting tissue sections. The sections were deparaffinized using xylene, with each incubation lasting 5–10 minutes, followed by rehydration through a graded ethanol series from high to low concentrations. A proteinase K solution was prepared at a concentration of 0.1–0.5 mg/mL. Rehydrated sections were incubated in the proteinase K solution at 37°C for 1–3 hours. After digestion, the samples were centrifuged at 1000–2000 rpm, and nucleic acids were extracted from the supernatant. For fresh tissue processing, an intact specimen was placed in an Eppendorf tube containing 100 µL of sample buffer or double-distilled water (ddH₂O) and homogenized using a sterile pestle. An additional 200–1000 µL of sample buffer or ddH₂O was then added. The mixture was thoroughly vortexed, and 500 µL of the sample was used for DNA extraction with host nucleic acid depletion, while 300 µL of the sample was used for RNA extraction.

1.Nucleic acid extraction
DNA and RNA were extracted using a magnetic bead-based nucleic acid extraction kit (Guangzhou KingCreate Biotechnology, Co., Ltd., Cat. KS121-WSWTQ-48). The procedure included grinding, cell lysis, magnetic bead binding, washing, and elution of nucleic acids.

2.Library construction
Sequencing libraries were constructed through fragmentation, end-repair, adapter-ligation and PCR amplification. 8 uniquely barcoded libraries were pooled to hybridize and capture by specific biotinylated probes for 2 h after library generation using the MetaCAP Pathogen Capture Metagenomic Assay Kit (Guangzhou KingCreate Biotechnology, Co., Ltd., Cat. KS130-CAPJK-48) following the manufacturer’s operational manual. Agilent 2100 was used for quality control of the libraries showing the peaks near 350-bp. Quality qualified libraries were pooled using Qubit dsDNA HS Assay Kit (Thermo Fisher Scientific Inc.) 

3.Sequencing
High-throughput sequencing was performed on Illumina Miniseq platform(Guangzhou KingCreate Biotechnology, Co., Ltd., KM MiniSeqDx-CN) setting to 100-bp single-end with average 1 million reads per sample.

4.Bioinformatics analysis
The sequencing data was first converted from base call files to raw FASTQ format files using the bcl2fastq software (v2.20.0.422). Then, Fastp (version 0.23.1) was used to trim adapter sequences and low-quality bases at the ends, with sequences shorter than 36 bp after trimming being filtered out. The quality-controlled sequences were aligned to the human reference genome (hg38) using BWA (0.7.17-r1188, Burrow-Wheeler Aligner), and reads aligned to the human reference genome were filtered. The remaining sequences were aligned to a taxonomic reference genome database downloaded from NCBI (ftp://ftp.ncbi.nlm.nih.gov/genomes/). Finally, in-house developed software was used to calculate the number of reads per million (RPM) at the species or genus level, and the ratio of the same species in the negative control sample at the species level (RPM ratio). The threshold was based on prior validation studies and internal quality-control data. If a species was detected in the negative control sample, an RPM ratio ≥10 was retained. For species not detected in the negative control sample, the requirements were RPM ≥3 and sequence distribution across ≥2 distinct genomic regions.
S3. Principles of probe design
Probes for pathogenic microorganism identification were designed to target genomic regions that are conserved within distinct taxonomic ranks and specific among different taxa. To enhance identification accuracy, probe design prioritized genomic regions recommended by clinical guidelines, expert consensus, or published literature, together with multicopy loci such as the 18S and ITS regions for fungi. For drug resistance mutations and genotyping loci, densely overlapping tiled probes were constructed spanning the target sites to enable precise detection of critical variants. All probes were designed with balanced base composition; GC content was strictly controlled within 40%–60%, and probes containing repetitive sequences or prone to dimer formation were excluded.4.Pathogen detection information by MetaCAP

MetaCAP can detect 26,610 microorganisms, including 13,214 bacterial species (of which 226 are mycobacteria, and 257 are mycoplasma, chlamydia, rickettsia, and spirochetes), 9,811 viruses (4,418 RNA viruses and 5,393 DNA viruses), 3,180 fungi, and 405 parasites. It focuses on capturing 1,850 bacterial species, 692 fungal species, 1,408 viruses, 226 parasites, 86 antibiotic resistance genes, 2,627 resistance genotypes, and 64 virulence genes.

All specimens were processed in the same third-party clinical laboratory using a uniform platform and standardized quality-control workflow. MetaCAP results were generally available within 24 hours, with full clinical reporting typically completed within 2–3 days.The MetaCAP panel provides broad coverage for bacteria, fungi, mycobacteria, viruses, parasites, as well as resistance and virulence targets.

2. Clinical adjudication and case classification
S1.Composite Clinical Reference Standard and Adjudication

Case adjudication was performed by a blinded panel of 3 senior dermatologists based on clinical presentation, histopathologic findings, conventional microbiologic results, treatment response, and follow-up data, with disagreements resolved by consensus. Cases were classified using a prespecified composite clinical reference standard established independently of MetaCAP results; adjudicators were blinded to both MetaCAP findings and the study hypothesis during initial classification to minimize incorporation bias.

S2. Case Definitions

Definition of marked lesion improvement and cutaneous infectious granuloma

Marked lesion improvement was defined as at least 70% reduction in lesion area, resolution of inflammatory signs and symptoms after treatment, and no recurrence during at least 4 weeks of follow-up.

Cutaneous infectious granuloma (CIG) was defined as histopathologic evidence of granulomatous inflammation together with evidence supporting an infectious etiology under either of 2 conditions. For conventionally positive cases, CIG was defined by detection of a pathogenic organism by conventional culture or special staining, together with lesion improvement after targeted antimicrobial therapy. For conventionally negative cases, CIG was defined by histopathologic evidence of granulomatous inflammation, compatible clinical or epidemiologic features suggestive of infection, and at least one additional supportive finding, including PCR, immunohistochemistry, imaging evidence, characteristic epidemiologic exposure, or follow-up findings supportive of infection, with final confirmation by panel consensus. Favorable response to pathogen-directed therapy during follow-up could support microbiologic plausibility but was not used alone for adjudication.This definition was prespecified and applied uniformly to all cases.

S3. Post Hoc Role of MetaCAP in Conventionally Negative Cases

For cases adjudicated as cutaneous infectious granuloma despite negative conventional testing, MetaCAP-detected pathogens were reviewed only after final adjudication had been completed. In these cases, MetaCAP findings were used solely for assessment of incremental diagnostic yield and post hoc evaluation of potential clinical utility. This post hoc review was intended to assess microbiologic plausibility and potential clinical relevance, rather than to establish case status. MetaCAP results were not incorporated into the initial adjudication process, were not used to modify adjudicated diagnoses, and were not included as components of the composite clinical reference standard.

S4. Final Adjudicated Classification

Using this prespecified adjudication framework, 67 patients were classified as having cutaneous infectious granuloma, including 35 conventionally positive cases and 32 conventionally negative but adjudicated infectious cases, in which MetaCAP findings were reviewed only post hoc for assessment of incremental diagnostic yield. The remaining 50 patients were classified as noninfectious granulomas.
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Specific Detection Steps for MetaCAP and Traditional Culture
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Clinical and histopathological images of infectious granulomas caused by different pathogens.
(2A) Clinical photograph of a patient with Mycobacterium abscessus infection.
(2B) Histopathology of an M. abscessus granuloma.
(2C) Clinical photograph of a patient with Mycobacterium infection.
(2D) Corresponding histopathology of the Mycobacterium granuloma.
(2E) Clinical photograph of a patient with Sporothrix schenckii infection.
(2F) Histopathology of a Sporothrix schenckii granuloma.
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(3A) Distribution of pathogens detected by MetaCAP compared to traditional culture. Bacteria, mycobacteria, and fungi identified by MetaCAP, culture, or both are shown. Pathogens are listed in order of their total detection frequency across all samples.

(3B) Comparison of paired positive detection rates for mycobacteria, fungi, and other bacteria between traditional culture and MetaCAP

(3C) Comparison of the time needed for pathogen detection by MetaCAP and traditional culture.

