Objective: 
Synovial sepsis carries significant morbidity and mortality in equine medicine.1,2 
Currently the gold standard for diagnosis of the causative bacteria is culture. Unfortunately, bacterial culture has several limitations. These include a high false negative rate, significant reporting delays, limited ability for dynamic monitoring, and an inability to store samples for significant periods.3

As a diagnostic test, 16S amplicon sequencing (16SAS) has the potential to address these limitations. Advantages include high sensitivity, small sample volumes, potential to store samples, consistent reporting time, and significant scope for accelerating processing time.4,5

The most consistent concern with next generation sequencing technologies is that environmental DNA contamination will obscure a clinically relevant result. Therefore, the fundamental goal of this study is to determine if bacteria identified on culture can be identified using 16SAS and if relevant species are discernible over a background of contaminants and possible microbiome. 

Our hypotheses are that 16SAS will identify all bacterial species isolated via bacterial culture of septic equine synovial fluid, and that the predominant bacterial species will be the same regardless of whether a sample is stored at -80oC or 4oC. 

Our objective is to perform 16SAS on septic equine synovial fluid from 30 synovial structures, stored at both -80oC and 4oC. Then compare the sequencing results to the culture results and compare sequencing results between paired -80oC and 4oC aliquots. 

Study Design:
Synovial fluid is sterilely collected from client owned horses presenting for synovial sepsis. Fluid is submitted for both aerobic and anaerobic culture, and cytology. Aliquots of up to 0.5ml are stored at -80oC and 4oC. DNA is extracted, prepared using 16S rRNA gene phased primers, sequenced using Illumina, and analyzed using Qiime26. A weighted agreement calculation is performed between culture and 16SAS as well as the -80oC and 4oC aliquots. 

Given its risk for contamination, each DNA extraction is performed with a negative control using phosphate buffered saline (PBS) in place of synovial fluid. 

All synovial structures, all ages, and all etiologies are included. In addition, one or more bacteria must be identified on culture, and 2 of 3 of the following criteria must be met: total nucleated cell count (TNCC) 10000 cells/L, neutrophils >80%, and total protein (TP) >4g/dl7. 

Results: 
11 samples from 11 patients showed 90.9% agreement between bacterial culture and 16SAS when septic equine synovial is stored at -80oC. The aliquots stored at 4oC showed 100% agreement with bacterial culture.

Numerous amplicon sequencing variants (ASVs) were identified in every sample on 16SAS despite only a single bacterial isolate on culture in all cases. 16SAS identified the cultured bacteria in all samples, however, not always to species depth. There was marked variation in the relative abundance of the cultured bacteria between samples. In some samples the cultured bacterium was the dominant ASV, in others, it was a minority and in others many ASVs had comparable relative abundances to the cultured bacterium (Figure 1). 

Aliquots stored at 4oC show 100% agreement with paired -80oC aliquots, however, there are overall taxonomic differences (Figure 2). This was most notable in sample 5 where there was a 10% difference in the relative abundance of the predominant ASV. Additionally, there were more ASVs identified in the -80oC samples. 

In only 2 samples was the predominant ASV not the cultured bacterium. Sample 8 demonstrated a Clostridium sensu stricto 1 with a significant relative abundance of 85%, and sample 9 identified a corynebacterium with a relative abundance of 47%.

Conclusion: 
Preliminary data suggest that bacterial culture and 16SAS show excellent agreement in septic equine synovial fluid whether stored at -80oC or 4oC. In addition, 16SAS potentially has increased sensitivity to anaerobic and mixed infections. 

There is strong agreement on the predominant ASV between aliquots stored at -80oC and 4oC. If this result is corroborated in a larger sample size it would provide a significant advantage in terms of 16SAS’s practicality at a diagnostic test. The differences in taxonomic composition between paired -80oC and 4oC samples may be due to continued bacterial proliferation and extracellular DNA degradation. 

Given their high relative abundances in septic samples and their potential fastidious nature, the predominant ASVs identified in samples 8 and 9 likely represent bacteria that were missed on bacterial culture.

The main limitations include small sample size, and broad inclusion criteria. Lack of 16SAS triplication limits assessment of variance. As 16SAS only sequences 2 of the 16 rRNA gene’s variable regions, often there is not enough variance to determine species. While this means some detail is lost, in most cases it is unlikely to affect antimicrobial selection or prognostication. Finally, inability to evaluate viability hampers 16SAS interpretation.

Further investigations should include validating these results in a larger number of samples under different storage conditions, developing techniques to determine bacterial viability, and developing semi-quantitative techniques that allow results to be viewed in context. 
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