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• Mite-borne gram-negative bacterium responsible 
for a disease called scrub typhus in humans

• Small bacteria present as dense, intracellular 
clumps in infected cells

Orientia tsutsugamushi (Ot) bacteria

Ot bacteria in U-937, human 
monocyte cell line

Paris et al. 2012 PMID: 22253938
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• Confocal microscopy proved insufficient to resolve individual intracellular bacteria (for 
counting or shape analysis)

• STORM microscopy showed clear boundary for only a subset of cells

• Salje lab collaborated with us to test which of our facility super-resolution microscopes would 
be best to image the bacteria and quantify size (volume) and shape

Biological question

Intracellular bacteria (IB)
vs

Extracellular bacteria (EB)

Bacterial surface proteinsTranslation marker DIC + STORM

Confocal microscopy
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STORM



Microscopes used in this study

Modality Confocal iSIM Airyscan 3D-SIM STED

System Zeiss LSM 880 VisiTech 
InstantSIM

Zeiss LSM 880 
with Airyscan 
detector

Structured 
Illumination 
Microscope 
from Applied 
Precision/OMX

Stimulated 
Emission 
Depletion 
microscope from 
Abberior

Objective 63x/1.4 NA 100x/1.4 NA 63x/1.4 NA 100x/1.4 NA 100x/1.4 NA 
100x/1.45 NA

Image 
processing 
during 
acquisition

None Deconvolution 
using 
Micovolution 
module

Wiener 
deconvolution

Wiener 
deconvolution

None

All post-processing was part of the acquisition software
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HUVEC and HeLa cells infected with 
the Ot bacteria

Fixed bacteria stained with the 
membrane marker ScaA

Images acquired on 
different microscopes



Comparison of microscopy modalities for imaging Ot bacteria
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3D-STED gave the best isotropic resolution.



3D-STED for isotropic resolution

• 2D-STED images appeared to show a diffuse label all over the bacteria, rather than a clear localization at the 
periphery of the bacteria; 

• combined different proportions of 2D-STED and 3D-STED

PSFs with increasing values of 3D STED values
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Evaluation of existing Deep Learning 3D segmentation methods

DeepBacs does not do 3D segmentation!
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StarDist and PlantSeg

StarDist – star-convex object detection in 2D and 3D images

StarDist did not work with our 
bacteria membrane staining images

Input image 3D segmentation with PlantSeg

PlantSeg did not work with our bacteria images.

Northeast Bioimage Analysis Meeting, The Jackson Laboratory, October 20, 2023



Northeast Bioimage Analysis Meeting, The Jackson Laboratory, October 20, 2023

Cellpose

3D segmentation



3D segmentation with Cellpose

Imaris 3D reconstruction

Cellpose Segmentation

X

Y

X

Z

Cellpose gave the best results for our bacterial images!

3D STED images
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3D segmentation results for 3D-STED vs iSIM vs 3D-SIM images

• 3D-STED images gave the best bacterial 3D segmentation

• This allowed us to count and analyze the size/shape of 
bacteria. 

• iSIM and 3D-SIM images gave sub-optimal 3D 
segmentation results
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Size and shape quantification of Ot bacteria
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Summary

• Imaging Ot bacteria is challenging due to its small size (1-2 mm in diameter)

• We tested different super-resolution microscopes (Airyscan, iSIM, 3D-SIM, STED) and 

compared it with images from a regular confocal microscope

• For 3D segmentation, used images acquired from the microscopes; did not do any noise 

reduction (deconvolution, denoising)

• Did not try classical or machine learning 3D segmentation

• Did not train a new machine/deep model for our data

• Tried existing deep learning methods and found Cellpose to be optimal for 3D segmentation 

of our bacteria images

• We were able to quantify bacteria size and shape parameters
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Caveats
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