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Study of the association between genomic characteristics of microorganisms responsible for infective
endocarditis and the severity of cardiac lesions
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Objective To explore the association between the genomic characteristics of pathogenic microorganisms
and the severity of host cardiac tissue lesions in patients with infective endocarditis (IE) through whole-genome
sequencing and pathological evaluation,and to analyze the impact of genetic variation of pathogenic microorganisms on the
severity of lesions. Methods This study included 117 patients with infective endocarditis diagnosed in the First
Affiliated Hospital of Nanyang Medical College from February 2021 to April 2024. Pathogenic microorganism samples
and cardiac tissue samples were collected, and high-throughput whole-genome sequencing was performed using the
Illumina NovaSeq 6000 platform. The sequencing data were assembled by SPAdes and annotated by Prokka. Single
nucleotide polymorphisms (SNPs) and insertions and deletions (INDELs) were detected using GATK and FreeBayes,and
genomic structural variations (SVs) were analyzed by Mauve and MUMmer. H&.E staining and Masson trichrome
staining were performed on surgically removed valves or cardiac biopsy tissues to evaluate pathological characteristics such

as inflammation, fibrosis, tissue necrosis,and vascular proliferation. qPCR was used to verify the expression levels of key
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virulence genes and drug resistance genes. Spearman correlation coefficient and multivariate regression analysis were used

to evaluate the relationship between genomic variation and lesion severity.  Results The genome sequencing results
showed that the average sequencing depth of 117 samples was (65.42410. 87) , and the average sequencing coverage was
98.73% +1.25%. The number of SNPs detected in the pathogen genome was 5 47141 157, and the number of INDELs
was 1 083 £ 422, The detection results of genomic structural variation were rearrangement 12 5, inversion 8 *= 3,
duplication 472 ,and deletion 6 &2, The detection rates of major virulence genes icaA, fnbA, and clfA were 72. 65% ,
65.81% , and 58.12% . respectively; the detection rates of drug resistance genes mecA, vanA, and blaZ were 34.19%,
23.93%, and 47. 86% , respectively. qPCR validation results showed that the expression level of icaA gene was
significantly increased in patients with severe lesions (P<C0. 01), fnbA gene was significantly increased in patients with
moderate and severe lesions (P < 0. 01), and mecA gene was significantly increased in pathogens with strong drug
resistance (P <C0. 01). Spearman correlation analysis showed that the correlation coefficient between SNPs and lesion
severity score was 0. 432 (P<C0.01),and that of INDELs was 0. 398 (P<C0.01). Multivariate regression analysis showed
that SNPs (P=10. 002) and INDELs (P <C0. 01) had independent effects on lesion severity, and diabetes was also a
significant influencing factor (P = 0. 042).  Conclusion  This study found that the genomic variations (SNPs and
INDELSs) of pathogenic microorganisms were significantly positively correlated with the severity of infective endocarditis,
and the expression levels of some virulence genes and drug resistance genes were significantly different in patients with
different lesion severity.
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Table 1 Comparison of relative expression levels of different virulence
genes and drug resistance genes in IE patient samples

IE 43 2%
B 5| P
285 % Jir i i ANOVA
fnbA  1.17£0.41 2.7240.59 3.73+0.79 <C0.01
icaA 0.96+0.30 2.5740.55 3.53+0.70 <C0.01
mecA 0.794+0.26 1.44+0.36 2.464+0.51 <C0.01
4 fnbA icaA ‘mecA

Severity

M vild

B Moderate

B severe

“**Padj <0.001

***Padj <0001
—

AANRAKE
~

0 Mild  Moderate Severe

Mild  Moderate Severe

Mild  Moderate Severe
B4 TESHNERAMMAHEREREEE IE BEFEARH
3 Rk ok
Fig. 4 Relative expression levels of different virulence genes
and drug resistance genes in samples of patients with different
degrees of IE
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Table 2 Results of multivariate regression analysis

A i FIHEE (B trifER (SE) ¢ i P 1

AR 0.023 0.012 1.917  0.058
P51 () 0. 145 0.198 0.732  0.466
TR I (22D 0.378 0.211 1.792  0.076
W PR 9 G2 0.451 0.219 2.059  0.042
SNPs 0. 0001 0.00003  3.333  0.002
INDELSs 0. 0002 0.00005  4.000 <<0. 001
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