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Background

Socioeconomic burden of SCI

A large patient 

population

An increasing disease 

burden

~15.4 million individuals 

affected worldwide

The U.S. annual cost:

 $7,000,000,000;

The UK annual cost:

 £1,400,000,000.

SCI levels and phases

Spinal cord 

innervation segments
Pathophysiological Phases

SCI

Acute phase（<48h）

Subacute phase

（48h-14d）

Intermediate and 

chronic phases（＞14d）

SCI disrupts neural connectivity between the brain and the spinal cord, resulting in devastating and often permanent 

neurological damage, including sensory and motor dysfunction, abnormal reflex activity, and autonomic dysregulation.

Spinal cord injury (SCI) is a highly prevalent condition with a substantial disease burden and 

represents a major unresolved global health challenge.

Nat Rev Dis Primers. 2017 Signal Transduct Target Ther. 2022 Ageing Res Rev. 2025



Background

SCI involves complex pathophysiological mechanisms with systemic effects beyond the site of injury

Phase-specific pathophysiology of SCI SCI induces multi-organ dysfunction

a

SCI leads to gut microbiota dysbiosis

a

Nat Rev Dis Primers. 2017，Exp Neurol. 2020，J Neurotrauma. 2023 



Background

A comprehensive, time-resolved view of gut microbiota dysbiosis and multi-organ 

transcriptomic reprogramming remains poorly characterized

◼ Temporal dynamics of injury ◼ Multi-organ transcriptomic responses ◼ Gut microbiome dynamics

Most existing SCI studies rely on single or limited time-point analyses



Highlights

◼ We identified “microbiome shock”, marked 

by acute microbial disruption at 12 h and 

partial recovery at 5 days post SCI.

◼ Combined multi-timepoint metagenomic and 

multi-organ transcriptome analysis suggests 

that gut dysbiosis may link to multi-organ 

immune and metabolic abnormalities after SCI.

◼ We developed Spinal Cord Injury Gut 

Microbiome and Multi-Organ Gene 

Expression Atlas (SCIGAMA)， the first 

time-resolved multi-organ and microbiome 

atlas for SCI.



Spinal cord injury induces acute “microbiome shock”

Experimental Design and Multi-Omics Analysis Protocol Diversity changes at different time points after SCI

The microbial composition at the portal level in different gut segments

Changes in microbial communities at 12 h and 5 days post SCI

Comparison of the abundance and functionality of high-abundance microbial 

communities at 12 h and 5 days post SCI

Rapid and severe microbiome disruption occurs 

within 12 h post SCI and persists up to 5 days

→ Defined as “microbiome shock”



Spinal cord injury induces acute “microbiome shock”

◼ Time-dependent 

shifts in microbiome 

composition and 

function post SCI

◼ The microbial  

composition and 

function undergo 

dynamic changes 

post SCI



Gut microbiome and multi-organ transcriptome integration reveals the necessity for phase-specific 

interventions post SCI

Organ-specific transcriptomic changes Functional enrichment analysis of 

upregulated genes in fat and bone marrow

Dynamic immune and metabolic reprogramming

Expression levels of 

inflammation-related genes

Correlations between gut microbiota and multi-Organ immune 

and metabolic functions

Microbiome alterations are broadly associated with multi-organ responses, indicating systemic effects beyond the gut



Gut microbiome and multi-organ transcriptome integration reveals the necessity for phase-specific 

interventions post SCI

SCIGAMA: A time-resolved multi-organ and 

microbiome atlas for SCI.

Data 

Analysis

14-organ transcriptomic profiles

15 time points following SCI

Spatiotemporal microbiome dynamics

Multi-organ transcriptomic analysis

3 sites of gut microbiome data across 

time points

Integrated microbiome–host 

correlation analysis

A comprehensive platform integrating multi-temporal 

microbiome and multi-organ transcriptomic data.



Summary

❑ This study identifies rapid, severe gut dysbiosis occurring within 12 h after spinal 

cord injury; this dysbiosis persists and  partially resolves by day 5 post SCI, and 

we term this phenomenon “microbiome shock”.

❑ Multi-organ transcriptional reprogramming induced by spinal cord injury is 

revealed, characterized by systemic immune and metabolic remodeling.

❑ The SCIGAMA database with integrated multi-module analytical functions is 

constructed to provide a reliable data platform for spinal cord injury research.
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