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Abstract 
In this project an algorithm that utilized an interactive GUI was written in the Python 
language based on existing open source packages and original code. This algorithm 
was evaluated for quantifying the amount of endospores and vegetative cells in a 
phase bright microscopy slide. The presence of both could signify contaminated food 
or weaponized bio-warfare agents. The results were very promising with the 
algorithm being able to accurately count the amount of both in one slide, while in 
another slide counting a few extra endospores, although the total added amount 
was dwarfed by the actual count. This project concludes that the algorithm can in 
fact be a viable tool for fast and mostly accurate quantification of endospores and 
vegetative cells. 

Introduction 
 
This project investigated the use of an algorithm with accompanying GUI in order to 
evaluate the stage of germination in a spore forming bacteria (for example bacillus 
or clostridium). Endospores are dormant non reproductive structure that allows 
microorganisms to survive extreme conditions that would kill the non sporulated 
bacteria.  It is claimed that spores can lie dormant for centuries or even millennia. [1]  
 
Among the spore forming bacteria are two strains most feared, Bacillus anthracis 
and Clostridium botulinum, both potential targets for biological warfare. Bacillus 
anthracis is the bacteria responsible for anthrax, a deadly disease that is easily 
weaponized because of the stable spore structure, and has been used for decades 
including in the 2001 anthrax attacks in the United States. [2] In an attack such as the 
2001 attacks, the ability to quickly identify the powder as containing Bacillus 
anthracis was paramount, and therefore this project ideally would be able to identify 
and quantify spores on a slide. Clostridium botulinum on the other hand is another 
spore forming bacteria with the ability to produce a powerful neurotoxin 
(botulinum).[3] This neurotoxin in considered the most potent toxin yet found, 
where the LD is less than 1 microgram.[4] While the toxin itself can be weaponized, 
the endospores of the bacteria are able to survive standard pasteurization and 
serialization procedures used in the food industry, and can cause the foodborne 
disease in humans called botulism. Since Clostridium is an anaerobic bacterium, the 
problem foods are usually improperly canned low acidity food items such as baked 
beans or preserved fish.[5] Only vegetative cells produce the toxin so an automated 
procedure to evaluate the presence of spores and vegetative cells in a given sample 
could be very useful. 
 
The endosporulation process is triggered by unfavorable environmental conditions 
that causes some of the cells to start the formation on an endospore. At the end of 
this process the spore will have a spore coat, which is an impervious barrier to most 
stains and can be utilized to differentiate cells from spores. The spore coat will leave 
spores bright white under a typical light microscope, while vegetative cells can be 
stained to provide contrast. This project will focus on microscope slides using a 
phase contrast microscopy procedure[6], although fundamentally can also work on 
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other staining procedure such as malachite green or Moeller, but that is beyond the 
scope of this project.[7, 8] 
 
Although counting cells under a microscope may seem trivial to most biologists, a 
few complications may arise. The first and most obvious is the fact cells that grow in 
clusters or overlap, where counting individual cells may become more difficult. 
Another potential problem is that cell size shape and orientation will not be uniform 
in a sample, which could skew the results. Indeed since each different strain of 
bacteria is different in size, a uniform automated program to count all cell sizes may 
be difficult. And lastly, although spores are supposed to be white under a 
microscope and vegetative cells darker, since these are biological systems the 
differences may not be as clear cut as in other disciplines.  
 
The need for a computational approach as opposed to the accepted human operator 
approach is great. One use would be as a precursor to a handheld machine that can 
be used in the field by anyone, and not be limited to trained biologists or 
microbiologists. Another application would be industrial settings where large 
amounts of slides are prepared and a human operator would tire and be more error 
prone. In addition, given that the samples being tested may contain virulent 
pathogens, limiting exposure time would be prudent. Furthermore in areas of the 
world that more advanced procedures for testing cannot be used, such as FACTS or 
PCR, because of cost or accessibility, this project might still be feasible because of 
the ease of use and low cost of microscopic slides. 
 
The computation approach utilized in this project is written in Python code and is 
based off of the Python Imaging Library (PIL), Swampy, Tkinter and SciPy packages 
for the GUI.  
 

Methods 
 

The methods utilized in this project were based off of algorithms developed for the 
course work, and a few new algorithms. Since the project was based on counting 
both endospores and vegetative cells, the methods were twofold. 
 
For the endospores the first and most important algorithm used was Segmentation 
of an image based on a threshold value, wherein any pixel above said value becomes 
white and any picture below said value becomes black. Since the endospores appear 
very white in phase contrast microscopy, a threshold value of 250 was used to great 
effect. The next algorithm that was used was Dilation, which was used to smooth out 
incongruities after the segmentation process to create congruent objects. 
Afterwards the objects were counted using the label algorithm from the SciPy 
package after initial attempts to count the objects based on area were unsuccessful 
(explained in the appendix).  
 
For the vegetative cells the image was first contrasted by 100% to better separate 
the cells. Then the image was inverted to change the dark vegetative cells light and 
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the light endospores dark. Afterwards the erosion algorithm was used to remove the 
light halo around the spores to they would not be included in the threshold. The 
Segmentation algorithm was used to separate the cells. An effective threshold value 
was more difficult to find than for the spores, but 200 worked sufficiently. And finally 
the cells were counted with the label algorithm. 
 
Originally the results were done without contrast and erosion preprocessing, but 
were added to get more accurate results. The results of the algorithm without these 
preprocessing being done are present in the results section. 

Results 
 

Since the project was focused on Bacillus anthracis and Clostridium botulinum, the 
images that were worked on were also of Bacillus and Clostridium, although suitable 
images were not found specifically for pathogenic botulinum, and a nonpathogenic 
strain with similar characteristics was used instead. 
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In figure 1 we can see a microscope slide containing Clostridium cells and spores. [9] 
 

 
Figure 1 Nonpathogenic Clostridium endocpores and vegetative cells 

 
After running the algorithm for endospores the result is presented (figure 2) with a spore 
count of 56: 

 
Figure 2 Nonpathogenic Clostridium endospore count 

 
And the result for vegetative cells (figure 3) with a cell count of 13: 

 
Figure 3 Nonpathogenic Clostridium vegetative cell count  
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In figure 4 we can see a microscope slide containing Bacilli anthracis cells and spores: [10] 

 
Figure 4 Bacillus Anthracis cells and endospores 

After running the algorithm for endospores the result was (figure 5) with a result of 86: 

 
Figure 5 Bacillus Anthracis endospore count 

 
And the result for vegetative cells (figure 6) with a cell count of 9 (including the “B”): 

 
Figure 6 Bacillus Anthracis vegetative cell count 
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In figure 7 the results of the endospore count for Clostridium can be seen with a 
segmentation value of 165. Considering the result of 13 was accurate and the same as the 
result with the contrast preprocessing (figure 3) one could argue that the step was 
unnecessary. On the other hand the endospores in figure 3 are more congruent than in 
figure 7, which given some slides could cause incongruities which would lead to higher 
counting. 

 
Figure 7 Clostridium Endospore count without contrast preprocessing 

In Figure 8 the effect of erosion for the endospore count can clearly be seen. Without the 
erosion technique the algorithm counted all the halos that surround cells using the phase 
bright technique, which gave a completely inaccurate result the amount of endospores 
present 

 
Figure 8 Clostridium Endospore count without erosion 

Discussion 
 
For this project a method for counting the amount of cells and endospores on a 
microscopic slide was developed. As previously noted this tool may be invaluable for 
food safety in impoverished regions that may not have access to more expensive 
testing equipment, or fast threat assessment of unidentified biohazards. 
 
The original technique to count vegetative cells and spores was based on looking at 
an entire region and counting the amount of pixels that were above a certain 
threshold. If there were enough pixels in the region which were, it was concluded 
that the area must represent a vegetative or endospore cell. Results of this algorithm 
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can be seen in figure 11. The drawbacks to this counting method were twofold. First 
the size of the spore or vegetative cell had to be provided and therefore the method 
couldn’t be automated for any type of cell. In addition since each cell morphology is 
different the algorithm had to be provided with cell morphology and if the cell is not 
symmetrical, then the orientation of the cell would also have to be provided. 
 
For these reasons the original algorithm was abandoned in favor of the label 
function in the ScyPy package. The label function starts from a pixel and moves out 
to the neighbors of that pixel and spreads until it counts the entire region above the 
threshold connected to the original pixel. This method seemed to work much better 
as cell size and morphology were no longer factors. 
 
When evaluating the algorithm for the Clostridium slide the results are perfect with 
not a single cell missed. In addition, the noise in the photo which may be dirt, dust, 
nutrients, spore coats (“c” in figure 10) or endospores that have not reactivated 
completely, have not been counted. These finding show that the algorithm may 
produce satisfactory results given a similar slide. 
 
On the other hand when evaluating the algorithm for the Bacilli, the algorithm was 
able to successfully count vegetative cells, but was imperfect for the endospore 
count. When looking at the side by side analysis (figure 9) some aberrations are 
encircled in blue. 

 
Figure 9 Comparison between Endospore Count and original slide 
  
The empty circled indicate presence of endospores that were not counted by the 
algorithm. This lack of counting can either be seen as a defect in the algorithm or as 
a feature. The endospores that were not counted are all darker than the endospores 
that were counted and therefore may not be dormant endospores but rather 
endospores that have already germinated (which is on the order of minutes [11]). 
These cells would appear darker then the endospores, but not as dark as vegetative 
cells that have already undergone outgrowth. Figure 10 shows the stages of 
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activation where the darkening of the endospore after germination can clearly be 
seen. 

 
Figure 10 Activation Stages of Typical Endospore.  
(a) Germinated and became phase dark (b), eventually emerging from its spore coats (c) and elongating to the 
size of an adult cell (d) and to the size of two cells (e). [12] 
 
The circles with enclosed endospores are areas that the amount of endospores was 
miscounted. These miscounts were areas with high brightness between the 
endospores. The easiest way to deal with said areas would be to dilute the samples 
to allow more space between endospores. It should be noted that although the 
algorithm counted some extra areas as endospores, the total added amount was 
much smaller than the real count with an extra 4 cells added out of 82 cells.  
 
In conclusion, the project set out to produce an algorithm to easily and quickly count 
the amount of endospores and vegetative cells on a phase bright microscopy slide. 
The algorithm, using open source packages and original code was able to accurately 
count both endospore and vegetative cells. Therefore the implementation of an 
algorithm which utilizes an interactive automated GUI to count endospore and 
vegetative cells used in this project can be seen as a viable alternative to more 
expensive procedures while giving accurate results. 
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Appendix: Python Code 
 

Additional functions added to the preexisting GUI used during the course. 
 
from PIL.ImageOps import invert 
def sporeCount(): 
    if not greyscale(): 
        return 
    global img 
    segment() 
    dilation() 
    temp=edge.cellCount(img) 
    img=img.convert('RGB') 
    img.paste(temp) 
    display() 
 
def invertImg(): 
    if not greyscale(): 
        return 
    global img 
    img=invert(img) 
    display() 
 
def cellCount(): 
    if not greyscale(): 
        return 
    global img 
    contrastChange() 
    invertImg() 
    erosion() 
    segment() 
    dilation() 
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    temp=edge.cellCount(img) 
    img=img.convert('RGB') 
    img.paste(temp) 
    display() 
 
Additional functions: 
import scipy 
from scipy.ndimage.measurements import (label,find_objects) 
import numpy 
#Cell Count 
def cellCount(im1): 
    ''' finds white cells/circles ''' 
##    width, height = im1.size 
##    cells=0 
##    for y in range(height): 
##        for x in range(width): 
##            counter=0 
##            if mat1[x,y] == 255: 
##                for i in range(sporeSize): 
##                    for j in range(sporeSize): 
##                        if (0<x-i) & (0<y-j): 
##                            if mat1[x-i,y-j]==255: 
##                                counter+=1 
##            if counter>int(3.14*sporeSize^2): 
##                for h in range(sporeSize): 
##                    for k in range(sporeSize): 
##                            if (0<x-h)&(0<y-k): 
##                                mat1[x-h,y-k]=150 
##                                if (h<sporeSize/2) & (k<sporeSize/2): 
##                                    out_pix[x-h,y-k]=(255,0,0) 
##                cells+=1 
##            else: 
##                out_pix[x,y]=(mat1[x,y],mat1[x,y],mat1[x,y]) 
    labeled, n = label(im1) 
    print (n) 
    out_pix = Image.fromarray(labeled)    
    out_pix=out_pix.convert('RGB') 
    mat1=out_pix.load() 
    width, height=im1.size 
    for y in range(height): 
        for x in range(width): 
            if mat1[x,y] != (0,0,0): 
                mat1[x,y] = (255,0,0) 
    return out_pix 
 

Included in the code is the original attempt at counting cells which was based on 
finding areas with a certain amount of whiteness which would signify an endospore 
or a cell. Although initially the results looked promising (figure 9), the non-uniform 
size of the endospores and the elongated structure of the vegetative cells in addition 
to the non-uniform size, caused the abandonment of the algorithm in favor of the 
contiguous counting algorithm in the SciPy package. 
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Figure 11 Initial Attempts at Counting Endospores 

 
Figure 12 The GUI including the new buttons and functions 


