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Introduction 

In case of a radiation or nuclear emergency the workers and inhabitants may be 

affected by unintended and unknown radiation dose. In those situations where victims are not 

monitored by a physical personal dosimeter, biodosimetry methods are used for assessing the 

received dose retrospectively. Although the gold standard method is the dicentric 

chromosome assay, due to its smaller evaluation time, the micronucleus (MN) assay also plays 

a fundamental role in the fast estimation of exposure and the radiation injury. Both methods 

are based on the phenomena that the number of specific chromosome damages induced by 

ionization radiation is proportional to the received dose.  

Europe- and also worldwide intercomparison projects [1][2] are working on the 

harmonization of their biodosimetry laboratories in order to be able to combine their sample 

processing capacity in case of a large-scale nuclear accident. In parallel, the continuous 

development of automatic systems is in progress. There are several well-established automatic 

object recognition techniques for speeding up the otherwise time-consuming procedure of 

visual scoring [3]-[9]. Another benefit of automatization is that it excludes the subjectivity of 

visual scoring. These automatic systems differ in the used staining, chosen concept of image 

segmentation algorithm and accuracy. But their common feature is that the system consists of 

two parts: the scanning of the slides is done by a commercially available all-purpose digital 

microscope while the scoring is done separately with a designated image processing software.  

Following the International Atomic Energy Agency protocol [10] for the sample 

preparation of the cytokinesis-blocked micronucleus assay the appearance of the slides are 

similar enough to assure the reproducibility of the visually scored results. However, the 

definition of the stable sample quality demanded by a certain automated scoring system can 

significantly differ from the requirement of the traditional visual scoring. Generally, the first is 

stricter than the latter and strongly depends on the applied segmentation method. The 

solution of the manufacturers was to optimize some steps of the sample preparation 

[3][5][9][11]. 

The overall conclusion on the automatization of the MN assay is that its speed is a great 

advantage over the traditional visual scoring. The majority of available systems have an 
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accuracy that is suitable for triage purposes. The uncertainties can be lower if an extra revision 

step is added and as a result a so-called semi-automatic scoring is introduced. This is of utmost 

importance towards the lower dose ranges, where the signal to noise ratio is lower.  

Objectives 

1. The adaptation of the existing microscopic system of the Radosys company for 

automated analysis of micronucleus samples (RS-MN), including the 

implementation of the application-specific software- and hardware-based 

functions and the alteration of the sample preparation protocol, in order to 

maximize the efficiency of the automated scoring. 

Validation of the developed system by creating a reference sample set irradiated 

with gradually increasing doses. The analysis and the comparison of the dose-

response curves for automatic, semi-automatic and manual scoring methods. The 

characterization of the efficiency parameters of the automated scoring and the 

components of the uncertainty of the dose estimation. 

2. Exploring the improvement possibilities of the autofocusing algorithm due to the 

opportunity of having access both to the control program of the hardware parts of 

the microscope and to the image processing algorithm. 

3. Exploring the improvement possibilities of the artefact elimination process due to 

the opportunity of having access both to the control program of the hardware parts 

of the microscope and to the image processing algorithm. 

4. Creating a goodness parameter that can be used for the objective classification of 

the quality of a sample. This parameter could help in the decision whether a certain 

sample can be scored by the automatic system reliably. 

5. Testing the robustness and scoring capabilities of the system around the lowest 

level of detection by the analysis of samples from a clinical project. The comparison 

of the MN frequencies determined by the automated scoring method with the 

traditional visual scoring results and with the number of dicentric chromosome 

aberrations from chromosome aberration assay.  
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Methods 

The development of the control software and the image processing algorithm of the 

RS-MN system was done using C programming language. The custom software add-in for the 

interactive revision of the contours found automatically was developed in C++ with elements 

of Qt toolkit.  

The statistical computations were done with my own scripts in C++ and R, also by in-

built functions of Microsoft Excel. The uncertainty calculations of the dose-response curves 

were calculated by the DoseEstimate program.  

The blood samples were collected from either young, healthy volunteer donors or from 

prostate adenocarcinoma patients undergoing radiation therapy treatment under the 

umbrella of the project called ’’Usage of biodosimetry on prostate adenocarcinoma patients 

treated with different radiation treatment protocols” with the ethical approval number of 

406/2015(16738-5/2015/EKU). The preparation of the samples was done according to the 

cytokinesis-blocked micronucleus assay protocol of the International Atomic Energy Agency 

(IAEA 2011). The two reference biodosimetry laboratories where the samples were processed 

is the National Public Health Centre - Department of Radiobiology and Radiohygiene (“OSSKI”), 

Budapest, Hungary and National Institute of Oncology, Centre of Radiotherapy, Department of 

Radiobiology and Diagnostic Onco-Cytogenetics. 

New scientific results 

The new scientific results are summarized in the following thesis points: 

T1) I have shown that with proper customization of its unsupervised automatic 

evaluation process, a designated integrated microscopic system can achieve the same accuracy 

in dose estimation as the much more expensive systems currently available as the combination 

of an all-purpose digital microscope and a separately developed image recognition software. I 

improved the prototype of the RS-MN automatic MN counter system in a way that it is suitable 

for triage purposes by using only its fully automatic scoring method which does not require 
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human interaction. The accuracy can be increased with the usage of the newly developed semi-

automatic scoring option. [P1, P4, P7, P8]  

T2) By adding an extra component to the autofocusing merit function, I created an 

object-based autofocusing algorithm which is more robust on the samples where the objects 

have a wide range of depth, in case of MN assay these are the cell components and the stain 

residues. The modified autofocusing method can be adapted for slides containing nuclear 

tracks caused by non-monoenergetic protons. [P1, P2] 

T3) By using the possibility to customize the movement behaviour of the image plate, I 

introduced a quasi-3D imaging option by grabbing images not only in the optimal focal plane 

but a slightly out-of-focus position as well. Using the set of the doubled images, the ratio of the 

artifacts can be reduced by 4-21% depending on the contamination and applied software 

parameters. This can lower the minimal resolvable dose by 14%. [P1, P10] 

T4) I created a quantitative parameter, called Spread of Background (SPROB), which 

reflects the suitability for automated scoring of a certain MN sample. I showed that the value 

of SPROB correlates with the difference between the automatically scored MN frequency and 

the reference MN frequency. There is a threshold below which the sample can be accepted for 

fully automatic scoring. Above the threshold, it is advised to proceed with an additional 

cleaning step on the stored blood sample and re-drip it. If this is not possible, by using the 

SPROB parameter a correction on the estimated dose can be applied which results in the drop 

of the error of the estimated dose. [P3, P7, P10] 

T5) With a set of samples collected from prostate cancer patients, I showed that the 

fully automatic scoring method can be used on low dose samples to some extent, if the quality 

of the samples is kept homogenous. Comparing the semi-automatic scoring MN frequency 

results with the number of chromosomal aberrations, I concluded that their correlation follows 

the data available in the literature. The average of the individual datasets follows the expected 

shape of the timeseries: the instant maximum of damaged cells in case of external radiotherapy 

and a postponed peak in case of low dose rate brachytherapy. [P3, P5, P6, P9] 
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