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RESUMEN 

El ensayo dicéntrico es mundialmente aceptado para determinar el valor de 
dosis de exposición a radiación ionizante en cualquier individuo. El objetivo 
de este trabajo es presentar una comparación entre la evaluación dicéntrica 
convencional y la evaluación semiautomática usando un analizador Cyto-
Vision. Materiales y Métodos: Los linfocitos humanos se irradiaron a cuatro 
dosis con radiación gamma, se hicieron cultivos y se analizaron las células en 
metafase. Las aberraciones cromosómicas se analizaron en el microscopio 
óptico y en el sistema semiautomatizado de un CytoVision. Las dosis eva-
luadas de acuerdo con el estadístico Z-Score fueron clasificadas como satis-
factorias, y las frecuencias dicéntricas obtenidas con los sistemas convencio-
nales y semiautomatizados se compararon con el programa R. Resultados: 
Las dosis físicas y estimadas derivadas de nuestra curva de respuesta de dosis 
dicéntrica concordaron bien; la discrepancia más alta fue de 15%. Conclu-
sión: El estudio demostró que tanto la evaluación convencional como el 
análisis semiautomático para dicéntricos usando un analizador CytoVision 
produjeron resultados similares; pero el análisis semiautomático reduce 
significativamente el tiempo de evaluación.  
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ABSTRACT 

The dicentric assay is the gold standard of biological dosimetry to assess 
ionization radiation dose from any person. The objective of this work is to 
present a comparison between conventional dicentric scoring and semi-
automatic scoring using a CytoVision analyser. Materials and methods: 
Human lymphocytes were irradiated with four doses of gamma rays and 
cultured to metaphase; cells were scored for dicentric aberrations conven-
tionally ‘by-eye’ and with a semiautomatic CytoVision analyser. Doses 
estimated according to Z-score were classified as satisfactory, and dicentric 
frequencies obtained by the conventional and semiautomated systems were 
compared with the R program. Results: The physical and the estimated doses 
derived from our own dicentric dose response curve agreed well, the largest 
discrepancy was 15%. Conclusion: The study established that conventional 
dicentric scoring and semiautomatic scoring using a CytoVision analyser 
provided similar results, but the semiautomatic scoring significantly reduced 
the scoring time. 

Introduction 

The dicentric assay is the gold standard of biological 
dosimetry and many years of experience have 
demonstrated its reliability and capability to assess 
radiation dose from any person potentially exposed 
to ionization radiation. This assay is considered a gold 
standard method because it assesses radiation dose 
interpolating the chromosomal aberrations yielded 
from a sample of peripheral blood with a dose-effect 
calibration curve. 

This method is based on the misjoining of two 
broken chromosomes as a result of the interaction of 
a radiation particle with the DNA; this structure 
with two centromeres (or even more than two) is 
called dicentric. In addition, the dicentric has a dose-
dependent response, and the slope behavior of 
gamma emitters such as 60Co, 137Cs, 192Ir are dif-
ferent from that of alpha, beta particles or neutrons, 
which makes it an excellent biological dosimeter.
This information could contribute to guide medical 
treatment of any exposed person in case of acci-
dental overexposure to ionizing radiation. However, 
the major disadvantage of the dicentric assay is that 
it is time consuming, particularly during the scoring 
process.

With the ever-present potential for large scale radia-
tion accidents, in which many individuals may be 
exposed to unknown doses of radiation, no single 
national laboratory could cope with the required 
rapid response. For such an event, several strategies 
have been developed to increase the throughput of 
the time-consuming analysis of the dicentric method. 
The mutual assistance networks at national (1,2) and 
regional level (3,4,5), the scoring approaches by 

reducing the number of cells to be analyzed, as a 
triage mode (6,7) and/or scoring cells in a less re-
strictive manner (8,9), the sharing of images elec-
tronically or using web site (10,11,12) and the soft-
ware-based automated or semi-automated scoring 
(12,13,14) are the most widespread strategies al-
ready in place. 

The value of software-based automated scoring of 
dicentric chromosomes for individual dose assess-
ment has been evaluated (13). The procedure of 
automation with a CytoVision system or any other, 
is nearly the same: it includes metaphase finding, 
image capture at high resolution, and detection of 
dicentric candidates. This is all performed ‘hands-
off’. Automatically detected dicentric candidates 
are then displayed to a trained human scorer for final 
evaluation: either rejection or confirmation. This 
combination of instrument and human interaction 
has led to the term semi-automated analysis (9,14). 
The final development would be to rely on the 
efficiency of the instrument to identify dicentrics 
accurately enough so that the human evaluation 
were unnecessary. The experience obtained through 
several years indicates that fully automatic dicentric 
scoring is certainly feasible, and could become 
mature enough (15), to replace manual scoring. 

The biological dosimetry laboratory at the Instituto 
Nacional de Investigaciones Nucleares (ININ) is the 
only one in Mexico, and it recently acquired a 
CytoVision (Leica, Wetzlar, Germany) semiauto-
mated system for dicentrics analysis. Before using it 
as a routine instrument, it was necessary to define 
the scoring criteria, the frequency and morphology 
of dicentric candidates identified by the software 
and to establish dose response curves and estimate 
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test doses. It was necessary to demonstrate that 
using the instrument it was possible to perform dose 
estimation as accurately as, or better than, the dose 
estimates performed by a human seated at a conven-
tional light microscope. 

Here we present a comparison between conven-
tional dicentric scoring and semiautomatic scoring 
using a CytoVision analyser. Samples prepared in 
our laboratory and obtained in an international inter-
comparison exercise were used. 

Materials and methods 

Blood sample irradiation and culture. Whole 
blood was 60Co gamma irradiated in vitro free in air 
at room temperature at the irradiation facilities of 
the ININ using a Gamma Cell 220 machine. Doses 
of 2.7 and 0.85 Gy were delivered at a dose rate of 
0.689 Gy/min (41.36 Gy/h). Blood was collected 
using conventional vacutainer system with litium 
heparin, from a healthy female donor (20 y), after 
obtaining informed consent, and it was processed 
for the standard dicentric assay (16,17,18). For 
gamma exposure, whole-blood was contained in 15 
ml conventional conical centrifuge PS tubes. After 
irradiation, the cells were given a two-hour recovery 
period. 

Whole-blood was cultured using the usual method 
for biological dosimetry laboratory as described by 
the International Atomic Energy Agency (IAEA) 
(16). In brief, routine phytohaemagglutinin (PHA) 
(Gibco, Grand Island, NY) stimulated 48h blood 
cultures in Minimum Essential Medium (MEM) 
(Gibco) including bromodeoxyuridine, antibiotics 
(Sigma, Germany), 10% fetal calf serum (Hyclone, 
S Logan UT) and colcemid (Gibco) added at 45h. 
Lymphocyte metaphases were harvested by the 
standard method (16) after a KCl (0.075 M) hypo-
tonic shock for 7 min at 37°C and fixed three times 
in methanol/acetic acid. Microscope slides were 
stained with fluorescence plus Giemsa and first 
division metaphases scored for unstable chromo-
some aberrations; dicentrics, centric rings, and 
excess acentric fragments. 

Irradiated blood samples distributed by the 
RENEB. As part of the Latin American Biological 
Dosimetry Net (LBDNet) contribution to an inter-
national intercomparison exercise, blood samples 
distributed by the Realizing the European Network 
in Biodosimetry (RENEB) network were available 
to our laboratory (19). The blood had been irradiated 
with 137Cs gamma rays in vitro in a water bath at 
37°C using a HWN D2000 machine from 
Wälischmiller Engineering Gmb H, Markdorf 
Germany. Doses of 2.8 and 0.84 Gy were delivered 

at a dose rate of 0.495 Gy/min. The blood was 
cultured in one of the LBDNet labs. Unstained 
slides were received at ININ to be scored. 

Scoring criteria. First division metaphases were 
scored for unstable chromosome aberrations; dicen-
trics (Dic), centric rings (R), dicentrics plus rings 
(Dic + R), and excess acentric fragments (Ace). The 
scoring processes were nearly the same for both 
manual (MS) or semi-automatic dicentric scoring 
with a CytoVision (SADS-CV). The classical 
scoring process (16) recommends that dicentrics 
should be scored only in complete metaphases (46 
centromeres) using the FPG technique to differ-
entiate first from second division metaphases. The 
SADS-CV method (13) uses 10X magnification, for 
firstly screening the slides to detect metaphases and 
to place them in an image file. This is followed by a 
second automatic screening process that identifies 
and counts the number of chromosomes; candidate 
dicentrics are then presented to an operator to val-
idate the dicentrics and exclude twisted chromo-
somes, two aligned or overlapping chromosomes, 
and any other false positive figures which are not 
dicentrics. 

Semi-automatic dicentric scoring using Cyto-
Vision (SADS-CV). The present paper reports, for 
the first time in Mexico, the use of the Cyto-Vision 
instrument for biological dosimetry. This automated 
system follows closely the SADS method outlined 
above and is presented here as SADS-CV. Slide 
screening is performed at low magnification and an 
image of every candidate object is stored in a file 
together with its location in the x, y, and z axes. The 
quality of every image is automatically evaluated 
and color coded; green for good metaphases, red for 
doubtful images unlikely to be metaphases, and 
white for undefined objects likely to be rubbish. At 
this point, the operator rapidly selects on the screen 
each object discarding the rubbish, obviously in-
complete clusters of chromosomes and metaphases 
with poor definition such as twisting of the chro-
mosomes or wide separation of sister chromatids. 
The remaining objects are transferred to a file 
known as ‘image capture’. Next, the metaphases are 
enlarged on the screen and detailed analysis starts. 
It is possible to simply look at each image, recognize 
that it is more-or-less complete, and identify any 
aberrations present. This would be done following 
the ‘Quickscan’ protocol described by Flegal et al. 
(8). However, for the purposes of this paper and for 
direct comparison with classical manual scoring 
where all 46 centromeres have to be present, the 
operator counted every centromere using a software 
clicking tool and concurrently looked for dicentrics, 
rings, and acentrics. 
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Statistical analysis. For each dose and scoring 
method data set, the dicentrics distribution per cell 
was evaluated using the Dose Estimate Software 
(20). The frequency confidence interval assuming a 
Poisson distribution of aberrations in the cells was 
calculated. Since the mean of aberrations per cell 
exceeded 0.1, the asymptotic U test was used to test 
whether dispersions of aberrations or the frequency 
of undamaged cells can be described by a Poisson 
distribution. If the distribution of aberrations fol-
lows a Poisson statistical law, there is only a 5% 
likelihood that the U value exceeds 1.96. The counts 
of aberrations from the different analysis methods, 
SADS-CV and MS were compared by the Poisson 
exact test applying the R program (21). The z score 
is calculated by subtracting the physical dose to the 
estimated dose and dividing the result by the 
standard deviation(s). The s value is obtained di-
viding the maximum permissible error of 30%, the 
physical dose, by a factor of 3.0. Consequently, an s 
value of 10%, the physical dose, is applied in the 
calculation of the z-score. The z-score allows classi-
fication of results as satisfactory (ІzІ≤2), question-
able (2<ІzІ<3), and unsatisfactory (ІzІ≥3). 

Dose estimation. The Dose Estimate Software was 
used for dose calculation (20). The laboratory’s 
linear-quadratic dose effect curve for 60Co rays was 
used for dose estimation Y= 0.00074±0.0009 + 
0.026±0.008 X D + 0.053±0.004 X D2, where Y is 
the frequency of dicentrics expected after an expo-
sure to a dose (D). 

Results 

Table 1 shows results for the material irradiated at 
ININ (22) and supplied by the RENEB network. 
The doses simulating whole-body exposure were 
chosen because those below 1Gy, in a real ac-
cidental overexposure, would be unlikely to induce 
any early effects, whilst the high dose would 
produce mild to moderate prodromal effects. The 
number of dicentrics and rings, cells scored, and 
their distribution, the dispersion index (σ2/Y) and U 
value are reported. The counts of aberrations from 
the different analysis methods, SADS-CV and MS 
showed no statistical differences according to the 
Poisson exact test applying the R program. The dose 
estimated using both methods were satisfactorily 
according to the Z score. The largest difference be-
tween estimated and physical dose was 15%. 

Discussion 

Dose estimations. The mission of the biological do-
simetry service in case of radiation emergency is to 
provide as fast as possible and with the minor uncer-
tainties the dose received by the irradiated persons.  

An arbitrary acceptance criterion for dose estima-
tion has been used before for comparisons and to 
detect inconsistent results. According to this crite-
rion dose estimations within 20 to 30% or the 
physical dose have been considered as satisfactory 
(23,24). In the present work, the estimated dose fell 
within this acceptance criterion, the largest discrep-
ancy being 15%. The LBDNet (25) used another 
statistical approach to examining results from inter-
comparison exercises recommended by the Inter-
national Organization for Standarization (ISO 5725-
5:1998 and ISO 13528:2005) (17,18). Using this 
method, all the results obtained by MS or SADS-CV 
classify as satisfactory. Thus, there is no difference 
in dose estimation using these two methods of data 
acquisition (MS or SADS-CV). In addition, samples 
prepared elsewhere and analyzed by SADS-CV can 
be as reliable as those prepared at the same lab. The 
dose estimation using the combination of slides 
provided by another lab plus SADS-CV gives con-
fidence for the laboratory to participate in collab-
orative networking in case of a mass casualty event. 

All the results obtained provide evidence of the 
capability of the lab to provide accurate dose 
assessment in case of radiation emergency using 
SADS-CV.  

CytoVision instrument in the routine work. 
Having acquired a CytoVision instrument, it was 
necessary to undertake commissioning work before 
it could be adopted into the routine work of the lab-
oratory, in particular for dose response calibrations 
and dicentric analysis for biological dosimetry. 
Whilst other instruments such as Metafer (12,19,26) 
have been evaluated, no laboratory has, to date, 
evaluated a CytoVision system for this application. 

As the SADS-CV procedure introduces several new 
experimental variables, necessary to investigate 
whether the technique produces comparable results 
between biological materials generated by this lab-
oratory with material provided by another labo-
ratory. It was also important that this verification 
was carried out by the same skilled laboratory staff. 

Automatic detection of dicentric chromosomes 
started in the 1980s (27). At that time the scoring 
criteria were very restrictive, only complete cells 
with 46 centromeres were accepted for analysis, 
mainly because the software developed at that time 
was not able to fulfil all requirements for analysis as 
it has been developed over years of conventional 
microscopy (9). In particular, the chromosome 
count to verify 46 (or more) objects in the meta- 
phase was not reliable, and chromosomes, which are 
very close, overlapping or twisted, would be fre-
quently misclassified as a false positive dicentric. 
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Deliv. 
Dose 
(Gy) 

Syst. Cells Dic + R Ace 

Dicentric 
Distribution 

y σ2/y U 

Estima
ted 

Dose 
(Gy) 

z 
Diff. 
(%) 

0 1 2 3 4 

Co 60 Gamma irradiation (ININ samples) 

0 
SAD
S-CV 1000 1 3 999 1 0 0 0 

0.001±
0.001 1 0 0 0 0 

MS 1000 1 10 999 1 0 0 0 0.001±
0.001 

1 0 0 0 0 

0.85 SAD
S-CV

1000 56/1 68 946 52 2 0 0 0.056±
0.01 

0.97 0.37 0.81± 
0.1 

-0.47 5 

MS 2000 101/1 62 1902 95 3 0 0 
0.05± 
0.005 

1.01 0.23 
0.76± 

0.1 
-1.06 10 

2.7 
SAD
S-CV

1000 437/27 345 670 243 71 12 4 
0.44± 
0.02 

1.16 3.66 
2.6± 
0.1 

-0.37 4 

MS 2000 863/51 394 1344 479 151 22 4 
0.43± 
0.02 1.13 4.04 

2.6± 
0.1 -0.37 4 

Cs 137 Gamma irradiation (RENEB samples) 

0.84 
SAD
S-CV 385 29/2 40 356 29 

0.075±
0.01 0.93 -1.03

0.97± 
0.12 1.55 13 

MS 2000 155/15 115 1853 140 6 1 0 0.077±
0.01 

1.04 1.24 0.98± 
0.07 

1.67 15 

2.8 SAD
S-CV

254 92/6 85 173 72 7 2 0.36± 
0.03 

0.92 -0.86 2.4± 
0.14 

-1.43 14 

MS 2000 858/51 380 1323 522 132 20 3 0.43± 
0.02 

1.06 1.93 2.6± 
0.1 

-0.714 7 

Table 1. Dicentrics analysis using two different systems (Syst.): Semi-automatic analysis using Cyto Vision (SADS-
CV) vs conventional manual scoring (MS). The comparisons of yields (y) between the two systems were performed 
with Poisson exact test, for all doses tested p>0.05. The σ2/y represents the variance (σ2) of dicentric (Dic) plus ring 
(R) counts divided by the yield (y) of the dicentric plus ring counts. The values of z score between -2 and 2 represent
satisfactory results. Differences (Diff.) between delivered (Deliv.) and estimated dose below 30% represent
satisfactory results. *Assuming an assigned σ of 10% of the physical dose.

This evaluation has shown that under the classic 
parameters of analysis, i.e. the presence of 46 cen-
tromeres in the image, with both samples prepared 
specifically for this exercise and samples from 
another laboratory, acceptably close agreement has 
been obtained. Nevertheless, the RENEB samples 
were much more difficult to score. The total number 
of cells shown in table 1 is lower compared to the 
material whose entire process was done in the ININ. 
The most probable reason for this result is the time 
elapsed between the preparation of the slides and the 
moment of reading. This material was originally 
prepared for another study, as mentioned before, 
and it was used in this study 12 months later. It is 
known that for the SADS analysis, it is necessary to 
have top quality material. Nevertheless, using Cyto-
Vision, it was possible to analyze a suitable number 
of cells for dose estimation in these samples. 

SADS-CV dicentric analysis reduce scoring time. 
In previous works, it has been reported that it is not 
necessary to count the 46 centromeres using SADS. 

The number of pieces can be estimated to be around 
46 elements. However, it has been observed that, 
using this approach, partial exposure can be mis-
classified (15). Therefore, in this study, only meta-
phases with 46 centromeres were selected for both 
methods, SADS-CV and MS, and despite this extra 
step in the SADS-CV protocol, the software enabled 
the evaluation of the image at high magnification 
still to be more rapid than for MS (Fig 1). The main 
advantage of an SADS-CV dicentric analysis is the 
reduction of scoring time (22). As we recorded 
using MS, 500 metaphases were analyzed by one 
operator in 25 h; meanwhile with SADS-CV, 1000 
cells were analyzed in 10 h of operator time plus 
~1.5 h machine-only time (Fig. 1). 

International collaboration and emergency 
response. This study has used blood samples 
obtained locally and also from a European labo-
ratory. This is a useful indication that, as other 
authors have suggested, collaboration is possible 
between biological dosimetry laboratories (1,2,3,4,
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Figure 1. Timeline for dicentric analysis using manual scoring (MS) and semi-automatic dicentric scoring (SADS-
CV) (22). 500 metaphase analysis can take 25 hours using MS, but whit SABS-CV 1000 metaphase will take 10 hours, 
which shows considerable time savings (22).  

25,26,29,30). This is essential in the case of a large-
scale radiation accident, in which a considerable 
number of individuals may have been exposed to 
unknown doses of radiation and need to be assessed 
rapidly. The material that can be exchanged could 
be heparinized blood samples, cultured lympho-
cytes in fixative, stained/unstained microscope 
slides or files of captured electronic images for 
operator verification of candidate dicentrics. All 
these means of international collaboration can speed 
up the provision of dose estimates so that they can 
be made available to clinicians during the critical 
early stages when large numbers of patients need to 
be managed. 

Conclusion 

Using an optical microscope (MS) for metaphase 
assessment gives much more clearer dicentric im-
ages than a SADS-CV. The microscope allows 
adjusting the optics of the metaphase, while SADS-
CV is a still image, without option to be adjusted. 

The results with any of the systems are nearly the 
same, there is not difference on establishing the dose 
value from a blood sample irradiated. However, 
SADS-CV reduces the analysis time of dicentrics, 
which is the main advantage of this method. Using 
SADS-CV, 1000 metaphases can be ready after 10 
h of operator time; while with MS, it takes 50 h for 
the same number of cells. The ININ biological 
dosimetry laboratory is now ready to incorporate the 
SADS-CV scoring to support national or inter-
national emergency response.  

ACKNOWLEDGMENTS 

The authors would like to thank Prof. Ursula 
Oestreicher for providing RENEB slides. We wish 
to thank Janett Martínez-Angoa for her technical 
assistance. 

REFERENCES 

1. Yoshida MA, Hayata I, Tateno H, Tanaka K,
Sonta A Kodama S, Kodama Y and Sasaki MS. The
cromosome network for biodosimetry in Japan.
Radiat Meas. 2007; 42(6-7):1125-1127.

2. Miller SM, Ferrarotto CL, Vlahovich S, Wilkins
RC, Boreham DR and Dolling JA. Canadian
cytogenetic emergency network (CEN) for

biological dosimetry following radiological/nuclear 
accidents. Int. J. Radiat. Biol. 2007; 83(7):471-477. 

3. Blakely WF, Carr Z, Chu MC, Dayal-Drager R,
Fujimoto K, Hopemir M, Kulka U, Lillis-Hearne,
Livingston GK, Lloyd DC, Maznyk N, Perez M del
R, Romm H, Takashima Y, Voisin P, Wilkins RC
and Yoshida. WHO 1 st consultation on the

105



 CytoVision assisted scoring for biological dosimetry Revista de Educación Bioquímica (REB) 44(2):99-107 2025 

development of a global biodosimetry laboratories 
network for radiation emergencies (BioDoseNet). 
Radiat Res. 2009; 171(1):127-139. 

4. Kulka U, Ainsbury E, Atkinson M, Barquinero
JF, Barrios L, Beinke C, Bognar G, Cucu A, Darrudi
F, Fattibene P, Gil O, Gregoire E, Hadjidekova V,
Haghdoost S, Herranz R, Jaworska A, Lindholm C,
Mkacher R, Mortl S, Montotoro A, Moquet J,
Moreno M, Ogbazghi A, Oestreicher U, Falitti F,
Pantelias G, Popescu I, Prieto MJ, Romm H,
Rothkamm K, Sabatier L, Sommer S, Terzoudi G,
Testa A, Thierens H, Trompier F, Turai I,
Vandersicker V, Vaz P, Voisin P, Vral A, Ugletveit
F, Woda C and Wojcik A. Realising the european
network of biodosimetry (RENEB). Radiat Pro.
Dosim. 2012; 151(4):621-625.

5. García LO, Di Giorgio M, Radl A, Taja M,
Sapienza CE, Deminge MM, Fernández Rearte J,
Stuck Oliveira M, Valdivia P, Lamadrid AI,
González JE, Romero I, Mandina T, Guerrero-
Carbajal C, Arceo-Maldonado C, Cortina-Ramirez
GE, Espinoza ME, Martínez López W, Di Tomasso
MV. The Latin American Biological Dosimetry
Network (LBDNET). Rad Protec Dosim. 2016;
171(4):64-69.

6. Lloyd DC, Edwards AA, Moquet JE and
Guerrero CC. The role of cytogenetics in early
triage of radiation casualties. Applied Rad Isotop.
2000; 52(5):1107-1112.

7. Romm H, Wilkins RC, Coleman CN, Lillis-
Hearne PK, Pellmar C, Livingston GK, Awa AA,
Jenkins MS, Yoshida MA, Oestreicher U and
Prasanna PG. Biological dosimetry by the triage
dicentric chromosome assay: Potential implications
for treatment of acute radiation syndrome in
radiological mass casualties. Radiat Res. 2011;
175(3):397-404.

8. Flegal FN, Devantier Y, McNamee JP and
Wilkins RC. Quickscan dicentric chromosome
analysis for radiation biodosimetry. Health Phys.
2010; 98(2):276-281.

9. Flegal FN, Devantier Y, Marro I and Wilkins RC.
Validation of QuickScan dicentric chromosome
analysis for high throughput radiation biological
dosimetry. Health Phys. 2012; 102(2):143-153.

10. García O, DiGiorgio M, Vallerga MB, Radl A,
Taja M, Seoane A, De Luca J, Stuck M, Valdivia P,
Lamadrid AI, González JE, Romero I, Mandina T,
Pantelias G, Terzoudi G, Guerrero CC, Arceo C,
Espinoza M, Oliveros N, Martínez W, DiTomasso
MV, Méndez L, Puig R, Roy L, Barquinero JF.
Interlaboratory comparison of dicentric

chromosomes assay using electronically transmitted 
images. Rad Protec Dosim. 2013; 154(1):18-25. 

11. Livingston GK, Wilkins RC and Ainsbury EA.
Pilot website to support international collaboration
for dose assessments in a radiation emergency.
Radiat Meas. 2011; 46(9):912-915.

12. Romm H, Ainsbury E, Barnard S, Barrios L,
Barquinero JF, Beinke C, Deperas M, Gregoire E,
Koivistoinen A, Lindholm C, Moquet J, Oestreicher
U, Puig R, Rothkamm K, Sommer S, Thierens H,
Vandersickel V, Vral A and Wojcik A. Automatic
scoring of dicentric chromosomes as a tool in large-
scale radiation accidents. Mutat Res. 2013; 756(1-
2):174-183.

13. Romm H, Beinke C, Garcia O, DiGiorgio M,
Gregoire E, Livingston G, Lloyd D, Martínez W,
Moquet J, Sugarman S, Wilkins R and Ainsbury E.
A new cytogenetic biodosimetry image repository
for the dicentric assay. Radiat Protec Dosim. 2016;
172(1-3):192-200.

14. Gruel G, Gregoire E, Lecas S, Martin C, Roch-
Lefevre S, Vaurijoux A, Voisin P, Voisin P and
Barquinero JF. Biological dosimetry by automated
dicentric scoring in a simulated emergency. Radiat.
Res. 2013; 179(5):557-569.

15. Vaurijoux A, Gruel G, Gregoire E, Roch-
Lefevre S, Voisin P, Martin C, Voisin P, Roy L and
Barquinero JF. Automatic dicentric scoring a real
option to be used in biological dosimetry. Radiation
Emergency Medicine. 2015; 4(1):16-21.

16. IAEA. Cytogenetic dosimetry: Applications in
preparedness for and response to radiation
emergencies: EPR‑Biodosimetry. Vienna:
International Atomic Energy Agency. 2011.

17. International Organization for Standardization
(ISO). 19238. Radiation protection-performance
criteria for service laboratories performing
biological dosimetry by cytogenetics. ISO: Geneva,
Suisse. 2014.

18. International Organization for Standardization
(ISO). 21243. Radiation protection-performance
criteria for laboratories performing cytogenetic
triage for assessment of mass casualties in
radiological or nuclear emergencies-general
principles and applications to dicentric assay. I
Geneva, Suisse. 2008.

19. Oestreicher U, Samaga D, Ainsbury E, Antunes
AC, Baeyens A, Barrios L, Beinke C, Beukes P,
Blakely WF, Cucu A, De Amicis A, Depuydt J, De
Sanctis S, Di Giorgio M, Dobos K, Dominguez I,
Ngoc Duy P, Espinoza ME, Flegal FN, Figel M,
García O, Monteiro Gil O, Gregoire E, Guerrero-

106



Guerrero-Carbajal C, Gonzalez-Mesa JE, Arceo-Maldonado C, Cortina-Ramírez E, Garcia-Lima O 

Carbajal C, Guclu I, Hadjidekova V, Hande P, 
Kulka U, Lemon J, Lidholm C, Lista F, Lumniczky 
K, Martinez-López W, Maznyk N, Meschini R, 
M’kacher R, Montoro A, Moquet J, Moreno M, 
Noditi M, Pajic J, Radl A, Ricoul M, Romm H, Roy 
L, Sabatier L, Sebasia N, Slabbert J, Sommer S, 
Stuck.-Oliveira M, Subramanian U, Suto Y, Que T, 
Testa A, Terzoudi G, Vral A, Wilkins R, LusiYani 
Y, Zafiropoulos D and Wojcik A. RENEB 
Intercomparisons applying the conventional 
dicentric chrosome assay (DCA). Int J Radiat Biol. 
2017; 93(1):20-29. 

20. Ainsbury EA and Lloyd DC. Dose estimation
software for radiation biodosimetry. Health Phys.
2010; 98(2):290-295.

21. R Core Team. R: A language and environment
for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. URL
https://www.R-project.org/.2017.

22. Maritnez Angoa J. Análisis de dicéntricos en
linfocitos humanos expuestos a radiación ionizante
mediante el sistema automatizado y microscopio
óptico. Tesis de Licenciatura. Universidad
Autónoma del Estado de México (UAEMex).
Facultad de Química. 2016. 55pp.

23. Lloyd DC, Edwards AA, Prosser JS,
Barjaktarovic N, Brown JK, Horvat D, Ismail SR,
Koteles GJ, Almassy Z and Sasaki MS. A
collaborative exercise on cytogenetic dosimetry for
simulated whole and partial body accidental
irradiation. Mutat. Res. 1987; 179(2):197-208.

24. Roy L, Buard V, Delbos M, Durand V, Paillole
N, Grégoire E and Voisin P. International
intercomparison for criticality dosimetry: the case

of biological dosimetry. Radiat Prot Dosimetry. 
2004; 110(1-4):471-476. 

25. Di Giorgio M, Barquinero F, Vallerga MB, Radl
A, Taja M, Seoane A, De Luca J, Stuck Oliveira M,
Valdivia P, García Lima O, Lamadrid AI, González
JE, Romero Aguilera I, Mandina Cardoso T,
Guerrero Carbajal C, Arceo Maldonado C, Espinoza
ME, Martínez López W, Méndez Acuña L, Di
Tomasso MV, Roy L, Lindholm C, Romm H, Güclü
I and Lloyd DC. Biological dosimetry
intercomparison exercise: an evaluation of triage
and routine mode results by robust methods. Radiat
Res. 2011; 175(5):638-649.

26. Vaurijoux A, Gregoire E, Roch-Lefevre S,
Voisin P, Voisin P, Martin C, Voisin P, Roy L and
Gruel G. Detection of partial-body exposure to
ionizing radiation by the automatic detection of
dicentrics. Radiat Res. 2012; 178(4):357-364.

27. Loerch T, Wittler C, Stephan G and Bille J. An
automated chromosome aberration scoring system,
in: C. Lundsteen, J. Piper (Eds.), Automation of
cytogenetics, Springer Verlag, Berlin. 1989;19-30.

28. Wojcik A, Lloyd DC, Romm H and Roy L.
Biological dosimetry for triage casualties in a large-
scale radiological emergency: Capacity of the EU
member states. Radiat Prot Dosim. 2010;
138(4):397-401.

29. Maznyk NA, Wilkins RC, Carr Z and Lloyd DC.
The capacity, capabilities and needs of the WHO
BioDoseNet member laboratories. Radiat Prot
Dosim. 2012; 151(4):611-620.

30. Baciu F, Buglova E, Martincic R, Spiegelberg
Planer R, Stern W and Winkler G. Incident and
emergency centre of the IAEA. Health Phys. 2010;
98(6):779-783.

107

https://www.r-project.org/.2017



