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Abstract — Precise counting of cell number stands in important position within clinical and research laboratories.
Conventional methods such as hemocytometer, migration/invasion assay, or automated cell counters have limited in
analytical time, cost, and accuracy., which needs an alternative way with time-efficient in-situ approach to broaden the
application avenue. Here, we present simple coding-based cell counting method using image analysis tool, freely
available image software (Imagel). Firstly, we encapsulated RFP-expressing bacteria in a droplet using microfluidic
device and automatically performed fluorescence image-based analysis for the quantification of cell numbers. Also,
time-lapse images were captured for tracking the change of cell numbers in a droplet containing different concentrations
of antibiotics. This study confirms that our approach is approximately 15 times faster and provides more accurate number
of cells in a droplet than the external analysis program method. We envision that it can be used to the development of

high-throughput image-based cell counting analysis.
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Fig. 1. Devices for microfluidic encapsulation A. Schematic diagram of producing droplets with cells using microfluidic devices B. Micro-
scopic image of droplet generation. C. Fluorescence image of droplets with encapsulated bacteria strain of Staphylococcus aureus

NCTC 8325-4 expressing red fluorescence protein (RFP).
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Fig. 2. Poisson distribution. OD600 means Optical Density in 600 nm.
A. Theorical distribution graph of encapsulation efficiency of
cell according to cell optical density. B. Experimental probabil-
ity distribution graph of encapsulation efficiency of cell accord-
ing to cell optical density.
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Fig. 3. Imaging methods for droplet. A. Example of single well in a glass grid. (Inset) Glass grid fabricated with photoresistor for immobili-
zation of droplets. B. Schematic diagram of droplet loading on glass grid and counting the number of cells. C. Microscopic image of

immobilized droplet over 3 hours with high stability.
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Fig. 6. Procedure of counting cell in droplet based on fluorescence image. A. Bright field image of immobilized droplets in grid. B. Setting
ROI (Region of interest) from bright field image. C. List of ROIs from B. D. Marked positions of value that exceeds threshold. E. User
can change the threshold from change value of prominence in ‘find maxima’ function in ImageJ software. F. Separate program (G

macro) to perform repetitive tasks.
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//set ROI
//Bright field to binary image
selectWindow("untitled026.tif");
setAutoThreshold("Default dark no-reset");

//run("Threshold...");
setOption("BlackBackground", false);
run("Convert to Mask");
run("Despeckle");
run("Watershed");
run("Analyze Particles...", "size=0.01-Infinity circularity=0.70-1.00 display exclude clear add");

// empty the results table
run("Clear Results");

//counting macro start
//image to stack
run("lmages to Stack", "name=Stack title=[] use keep");

//start stack macro
selectWindow("Stack");
roiManager("Show None");
roiManager("Show All");

//loop

for (n=1; n<=nSlices; n++) {
selectWindow("Stack");
setSlice(n);

// counting macro
var tolerance = 20;

originallmage = getTitle();
run("8-bit");
for(i=0; i<roiManager("count"); i++) {
roiManager("select”, i);

//run(“Threshold...");

//setThreshold(500, 10000);
run("Find Maxima...", "noise="+tolerance+" output=[Count]");
run("Find Maxima...", "noise="+tolerance+" output=[Point Selection]");
run("Add Selection...");

//next stack
run("Next Slice [>]");

}
Fig. 7. Coding for image analysis.
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Fig. 8. Comparison of analysis accuracy between external program G Macro and Coding in ImageJ. A. Box plot for validation of accuracy
between two methods. B, C. Growth profiles of S. aureus NCTC 8325-4 under various antibiotic concentrations analyzed by G Macro
and ImageJ. B. G Macro method shows reversed data of average number of cells at 180 min between vancomycin concentration of
0.28 ug/mL (black) to 0.37 ug/mL (red). C. Analysis using a coding in ImageJ. The tendency of cell number increase according to the
concentration of vancomycin is more accurate than in the previous program.
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