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Background

Certain pathovars of Escherichia coli (Ec) are globally leading causes of

diarrhoea, foodborne outbreaks, and various extra-intestinal infections. Shigella

spp. are enteroinvasive pathogens, causing severe gastroenteritis or even

dysentery.

Indistinguishable by traditional identification methods (i.e., MALDI-TOF MS,

16S rRNA sequencing), Ec and Shigella spp. require specific and cumbersome

biochemical tests, agglutination or PCR-based methods for their identification.

Similarly, the discrimination of Ec at serotype level (lipopolysaccharide and

flagellar antigens) to delineate pathogenic lineages, require serological or

genomic approaches, which present some disadvantages in terms of costs, ease-

of-use and applicability in routine settings.

In this study, we evaluated the discriminative power of Fourier-Transform 

infrared (FT-IR) spectroscopy to distinguish E. coli isolates at 

serotype level and to delineate E. coli from Shigella spp..

Material and methods

✓ A total of 225 well characterized strains were investigated (n=132 E. coli, n=48 S.

sonnei, n=28 S. flexneri, n=11 S. boydii, and n=6 S. dysenteriae). The isolates

were serologically or genomically typed at species (Shigella spp.) and serotype (Ec)

level. Among Ec, n=71 different serotypes were included, with different pathovars

(among them, n=22 EPEC and n=32 EHEC strains)

✓ FT-IR spectroscopy analysis was performed by the IR Biotyper® system (IRBT -

Bruker Daltonics, Germany), following the manufacturers instruction (Figure 1). Three

independent biological replicates on Columbia sheep blood agar incubated overnight

at 35±2°C were included.

✓ Spectra acquisition, processing and data analysis were performed by

the IR Biotyper® software V4.0.
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Results

✓Hierarchical cluster analysis showed that IRBT clustering is

correlated with the E. coli O-H serotypes and the Shigella

species (Adjusted Rand Index = 0.89, Adjuster Wallace Index =

0.935).

Figure 3. Deviation plot shows the separability of the samples in the first 30

dimensions, one or more of which allow the separation of all classes.

✓ PCA/LDA plots showed that the E. coli serotypes and the 4

Shigella species are separable (Figures 2 and 3).

Figure 1. IR Biotyper® workflow

Conclusion

IR Biotyping showed the potential to delineate E. coli at serotype level, and to discriminate E. coli 

from Shigella spp., demonstrating its potential suitability for infection control, public health and 

epidemiological studies. Further investigation including more strains are necessary to confirm and 

strengthen these promising preliminary results.

✓ Exploratory data analysis was performed by PCA (Principal

components analysis) and LDA (linear discriminant analysis).

✓ LDA and different machine learning algorithms were applied to create

predictive and learning models. The training set included n=123

isolates (representing all the 75 groups – Ec serotypes and Shigella

species). The remaining n=102 isolates were used as testing set.

✓ Preliminary results using machine learning led to an accuracy >

99%, nevertheless further studies, including more samples, are

necessary to assess the robustness of the predictive models.

Figure 2. 3D scatter plot showing the clustering of the Ec serotypes and Shigella

species in the multidimensional space. Each class is depicted with a different color. In

the first 3 dimensions, the EHEC groups Ec O157:H7, O26:H11, the different O:15

EPEC serotypes, O45:H16, and several other non-pathogenic serovars are clearly

separated.
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