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Abstract

© 2017 IEEE. Measurement automation is essential in various biomedical and biotechnological
applications become increasingly important with their intensification and wide utilization.
Estimation of both pro- and eukaryotic cells subpopulations in different cultures, samples and
tissues, including differentiation of live and dead bacterial cells, stem cells in eukaryotic cell
culture and so on are essential in multiple biomedical and biotechnological applications.
Fluorescent microscopy is a widely used methodology to obtain the above estimates. Wide
utilization of biotechnologies increases the importance of automatic microscopic image
processing tools design aiming at both qualitative and quantitative assessment of cells sub-
populations. Existing methods are mostly based either on cell detection and counting or on the
statistical analysis of image areas with similar staining. However, these methods exhibit known
drawbacks including their inapplicability to the communities of cells adherent to each other and
to external surfaces with biofilms being a prominent example. Another limitation of standard
image processing tools in their high level of automation limiting the ability of the operator to
adjust the algorithm parameters to particular microscopic imaging conditions as well as to
specific features of the studied cells subpopulations. Here we present a two-step algorithm
including preliminary adjustment of its parameters to the imaging conditions based on several
representative images from the studied cohort in the first step and fully automated analysis of a
large series of images with fixed algorithm parameters in the second step. Out results indicate
that the suggested methodology is barely sensitive to the decision threshold value that allows to
reduce the parameterization of the algorithm.

http://dx.doi.org/10.1109/CTSYS.2017.8109504

Keywords
cell staining, fluorescent microscopy, measurement automation, two-step algorithm
References

[1] Tawakoli PN, Al-Ahmad A, Hoth-Hannig W, Hannig M, Hannig C. Comparison of different live/dead stainings for
detection and quantification of adherent microorganisms in the initial oral biofilm. Clinical Oral Investigations.
2013;17(3):841-50. doi: 10.1007/s00784-012-0792-3

[2] McMullan BJ, Desmarini D, Djordjevic JT, Chen SCA, Roper M, Sorrell TC. Rapid Microscopy and Use of Vital
Dyes: Potential to Determine Viability of Cryptococcus neoformans in the Clinical Laboratory. Plos One.
2015;10(1). doi: 10.1371/journal.pone.0117186


http://dx.doi.org/10.1109/CTSYS.2017.8109504

(3]

(4]

(5]

(6]

[7]

(8]

[9]

(10]

[11]

[12]

[13]

(14]

[15]

[16]

Atale N, Gupta S, Yadav UCS, Rani V. Cell-death assessment by fluorescent and nonfluorescent cytosolic and
nuclear staining techniques. Journal of Microscopy. 2014;255(1):7-19. doi: 10.1111/jmi.12133

Heydorn A, Nielsen AT, Hentzer M, Sternberg C, Givskov M, Ersboll BK, et al. Quantification of biofilm structures
by the novel computer program COMSTAT. Microbiology-Sgm. 2000;146:2395-407

Beyenal H, Donovan C, Lewandowski Z, Harkin G. Three-dimensional biofilm structure quantification. Journal of
Microbiological Methods. 2004;59(3):395-413. doi: 10.1016/j.mimet.2004.08.003

Merritt JH, Kadouri DE, O'Toole GA. Growing and analyzing static biofilms. Curr Protoc Microbiol. 2005;Chapter
1:Unit 1B. doi: 10.1002/9780471729259.mc01b01s00

Ji L, Piper ], Tang JY. Erosion and dilation of binary images by arbitrary structuring elements using interval
coding. Pattern Recognition Letters. 1989;9(3):201-9

Adams R, Bischof L. SEEDED REGION GROWING. leee Transactions on Pattern Analysis and Machine
Intelligence. 1994;16(6):641-7. doi: 10.1109/34.295913

Nattkemper TW, Twellmann T, Ritter H, Schubert W. Human vs. machine: evaluation of fluorescence
micrographs. Computers in Biology and Medicine. 2003;33(1):31-43. doi: 10.1016/s0010-4825(02)00060-4

Lempitsky V, Rother C, Roth S, Blake A. Fusion Moves for Markov Random Field Optimization. leee Transactions
on Pattern Analysis and Machine Intelligence. 2010;32(8):1392-405. doi: 10.1109/tpami.2009.143

Klinger-Strobel M, Suesse H, Fischer D, Pletz MW, Makarewicz O. A Novel Computerized Cell Count Algorithm
for Biofilm Analysis. Plos One. 2016;11(5). doi: 10.1371/journal.pone.0154937

Kayumov AR, Nureeva AA, Trizna EY, Gazizova GR, Bogachev MI, Shtyrlin NV, et al. New Derivatives of
Pyridoxine Exhibit High Antibacterial Activity against Biofilm-Embedded Staphylococcus Cells. Biomed Research
International. 2015:10. doi: 10.1155/2015/890968

Trizna E, Latypova L, Kurbangalieva A, Bogachev MI, Kayumov A. 2(5H)-Furanone Derivatives as Inhibitors of
Staphylococcal Biofilms. Bionanoscience. 2016;6(4):423-6

Trizna EY, Khakimullina EN, Latypova LZ, Kurbangalieva AR, Sharafutdinov IS, Evtyugin VG, et al. Thio
Derivatives of 2(5H)-Furanone As Inhibitors against Bacillus subtilis Biofilms. Acta Naturae. 2015;7(2):102-7

Baidamshina DR, Trizna EY, Holyavka MG, Bogachev MI, Artyukhov VG, Akhatova FS, et al. Targeting microbial
biofilms using Ficin, a nonspecific plant protease. Scientific Reports. 2017;7. doi: 10.1038/srep46068

Bogachev MI, Markelov OA, Trizna E, Baydamshina D, Zelenikhin P, Murtazina R, Kayumov AR. Fast and Simple
Tool for the Quantification of Biofilm-Embedded Cells Sub-Populations From Fluorescent Microscopic Images.
BioRxiv 181495. doi: https://doi.org/10.1101/181495.



