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Abstract. The technological development associate the new discoveries in the genetic field, has contributed for 
an  improvement  in  the diagnosis  of  determined illnesses,  however  the  laboratories  analysis  nor  always  are 
carried through in desired the minimum time and precision, beyond not being optimized the financial resources. 
The result of these controversies can lead the loss of possibilities of overlife of the patients, taking them, also to 
the  death.  At  present  time,  exist  an  expensives  equipments  capable  to  identify  fastly  a  commons  bacteria. 
However,  to achieve reliable diagnostics, microorganisms have to grow in appropriate culture media before 
identification, what sometimes can take a great amount of time, making it difficult the diagnosis. Some of them, 
also, are not growing in artificial nutrients, being possible only its diagnosis after an inoculation carried through 
in laboratory guineapigs, as in the case of the Mycobacterium leprae.   Neutron radiography has been used for 
several years as a non-destructive technique with several applications. Giving credit itself the potentiality of this 
technique  for  the  faster  identification  of  bacteria  in  comparation  with  the  conventional  microbiological 
techniques,  because there´s  no need for the overnight cultures.  In this  work was decided to proceed to the 
evaluation of the technique and the determination of the involved parameters.  The work had demonstrated that 
the method can come to be promising, as a method auxiliary to already the existing ones, it is intended to give to 
continuity the research concentrating itself in the evaluation of the method for application in hemoculturas and 
administer it in the diagnosis of bacteria that not growing in artificial ways, such as the Mycobacterium leprae.
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1. Introduction

The  technology  associated  with  new  discoveries  in  the  field  of  genetics,  has  contributed  to  an 
improvement in the diagnosis of certain diseases, but the tests are not always made in minimum time 
and desired accuracy, and are not optimized financial resources. The net result of these disputes may 
lead  to  loss  of  chances  for  patients  survival,  them, even to  death.  Currently, there  are  expensive 
equipments able to identify some infectious agents, if a common bacterium, in a matter of hours, but 
for the identification of certain bacteria, is it necessary to wait for weeks, because of the need for a 
precultivation or because they have suffered mutations, hampering the diagnosis. Some of them even 
are not cultivated in artificial nutrient medium, its diagnosis is possible only after an inoculation of 
guinea pigs, as in the case of Mycobacterium leprae.

A technique of nondestructive testing (NDT) which is part of nuclear physics which has vast field of 
application is called neutron radiography. This technique at first focused on the industry with a wide 
range  of  applications,  due to  rapid  development in  this  area.  Among some applications,  you  can 
highlight: aerospace industry, automotive industry, chemicals and petrochemicals industry; science of 
materials and ceramics; defence industry and artillery, civil engineering; system security[2,3]. More 
recently the technique is optimized when using the tool of neural networks as a criterion for judgement 
in the detection of narcotics and explosives in baggage, eliminating a possible human error, making 
the safest method [4]. The neutron radiography, too, is employed in the non-engineering areas, such 
as: Medicine, to diagnose cancer; Dentistry; Biology; etc..
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2. Objectives

Believing in the potential  of the technique neutron radiographic for bacteria identification and the 
greater speed of its response, before the conventional microbiological techniques for not necessity of 
precultivation phase, decided to proceed with the evaluation of the technique and the determination 
parameters involved in order to establish a method that will provide faster responses, for diagnostic 
purposes [5,6 e 7].
 
The use of the neutron radiographic technique for diagnosis demonstrated its capability to be able to 
do  the  morphological  identification  of  different  microorganisms  present  in  analyzed  laboratorial 
samples, including in actual samples of water and urine [8].
 
As the results showed that the method may be a promising, as an auxiliary to the existing method, the 
research was concentrated in the evaluating of the method aiming to adopt  it  as  a method in the 
diagnosis of bacteria that are not cultivated in artificial medium, such as the  Mycobacterium leprae 
bacillus, the spirochete Treponema pallidum, etc..

3. Methodology

To continue the development methodology to non-cultivable bacteria, initially, because the immediate 
availability of laboratory samples, previously processed, provided by the FIOCRUZ´s laboratory of 
Leprosy,  has  begun the  research  with  the  study of  the  parameters  to  be  applied  for  this  type  of 
bacterium.

An initial test was conducted with the M. leprae Liver A299 of 90% purity to verify if the developed 
methodology would be effective in the determination of the presence of the bacillus in the sample. 
From this result was given to beginning the accomplishment of the protocols with the perspective to 
determine the best parameters for the analysis of samples containing M. leprae.

Being the laboratory samples of M. leprae packed differently from used bacteria until then, was made 
the appropriate microbiological manipulation, in order to obtain the bacteria presents in laboratory 
samples, previously to the survey of physical parameters of the neutron radiographic images. Only 
after this stage, proceeded the evaluation of the following parameters: concentration of enriched boron 
(thermal neutrons converter) for incubation; Determination of the most adequate medium to inoculate 
the bacteria; samples irradiation time incubated previously with the converter.

The initial handling was the same in all analyses, targeting break the existing clusters, in the case of 
M. leprae laboratory samples, in the attempt to break the cells in which the bacteria are imprisoned. To 
this end, it moved the solutions containing the samples by a syringe (U-100) sometimes.  Only then, 
the samples were handled for the neutron radiography.

3.1. Dilution Factor

Were placed 10 µl of concentrated bacterium  M. leprae A299 into a tube containing BPS solution, 
from this tube were carried out successives dilutions, obtaining solutions with the following dilution 
factors: 101, 102, 103 and 104 times. The latter, higher to used in baciloscopy. Then were incubated 
with  enriched  boron solution  for  30 minutes  and then  deposited  on the  CR-39 detector  and then 
irradiated in the channel J-9 from the Argonauta Reactor (IEN/CNEN) with a thermal neutrons flux at 
rate of 2.5 x 105 n.cm2.s-1 . For obtaining images, the detectors were subject to chemical development 
with NaOH (6.25 N), when then could be observed under optical microscopy.
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3.2. Enriched boron concentration and incubation temperature

After the determination of the most appropriate factor for dilution and handling of the bacillus, was 
made  a  variation  in  the  enriched  boron  concentration,  seeking  a  greater  efficiency  of  bacilli 
determination as well as one better image quality. We used the following concentrations: 300, 500, 
700 and 1000 µg/ ml. Each of the solutions, with different concentrations, was divided into three and 
submitted  for  the  following  temperatures:  25,  37  and  450C,  remaining  constants  the  too  much 
parameters.

3.3. Time and irradiation beam intensity

Using  the  reactor  in  a  greater  power  increases  the  beam  intensity  and  therefore  increases  the 
probability for neutron interaction with boron atom, so the time can be reduced without there being a 
reduction in the efficiency method. The utilized power was 340 Watts.

4. Results

The methodology was able  to determine the presence of  M. leprae in the sample prepared in the 
laboratory. However, due to the fact that the samples contains previously processed bacilli to be cell 
free,  can be observed that,  in  the  great  majority  of  images obtained,  the  bacilli  had part  of  with 
significant cell wall damage, as can be seen in figure 1. 

Figure 1 – neutron radiographic image of M. Leprae with damaged cell wall.

Can be observed, for the images that the method already provokes an increase of 10 times in the image 
obtained, when compared with microscopy, as shown in Figure 2.
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Figure 2 – M. Leprae: a) neutron radiograph image (M=1000x), b) baciloscopy (M=1000x).

As this result showed up with many clusters (Fig. 3), the test was conducted changing the dilution 
factor and also was used syringe with the objective to reduce this problem. The results are presented 
below.

Figure 3 – Bacilli clusters neutron radiographic image. 

4.1. Dilution Factor

The method has proved efficient even when used a dilution factor 10 times greater than those used in 
baciloscopy exam, in others words, in spite of use a dilution of 10000 times can up get images of 
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bacilli  with  neutron radiography,  a fact  that  is  practically impossible to achieve with  baciloscopy 
exam. With neutron radiography was obtained about 20 bacilli images (Fig. 4), while in baciloscopy 
the possibility to get an image is very unlikely.

Figure 4 - Number of score in each sample in CR-39 strips as a function of the dilution factor.
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4.2. Enriched boron concentration and incubation temperature 

During the analysis a bigger number of images can be perceived being formed to concentrations above 
500 µg/ml, as are bacteria that cannot be cultivated to obtain a probable value of bacteria contained in 
the sample, did not do a percentage correlation of values. With regard to incubation temperature, was 
observed that the temperatures  of 25 and 370C are most  favor for the interaction of bacteria with 
boron. More detailed studies will be carried out in the next tests, aiming more reliable results.

4.3. Time and intensity of the irradiation beam 

This test demonstrated that with the increase the beam intensity, can up lower the irradiation time from 
45  to  20  minutes.  Fact  this,  that  will  cause  a  decrease  in  the  total  time  for  the  morphologic 
characterization of the bacteria for later identification. As the dilution factor used in this experiment 
was of 104 times, as used in previous tests, and therefore, the number of bacteria present in analized 
sample  remains  the  same,  was  possible  verify  that  by increasing  the  beam intensity  increases  to 
probability of neutron interaction with the boron atoms, because the number of images referring to 
alphas  free particles  was increased.  Therefore  if  there  were more  bacilli  these  certainly had been 
revealed in the neutron radiographic images.

5. Conclusion

The results, obtained with the  M. leprae purified from armadillo´s liver,  has demonstrated that the 
method is feasible for evaluation of samples  infected by it.  Was possible to detect the bacillus in 
samples 10 times more diluted in comparison with those used in optical microscopy and with an image 
with a superior increase  becoming possible a better evaluation of the samples.

5



For  bacteria  not  cultivable,  it  is  still  intended  to  determine,  also,  the  best  parameters  for  its 
identification, researching for the method optimizing in order to obtain the best results for the most 
varied type of bacteria. it should be noted that, after method standardization for that purpose, aims to 
identify the type of bacteria in less than 2 hours, since that the time spent by the conventional method, 
in case that it does not have unexpected, needs more than 2 months, and for some types impossible to 
make up the culture.

Results of the method for the Mycobacterium leprae bacillus, in real samples, are in the final phase of 
analysis, and after the method adequacy for this bacillus intending to extend the tests to other types of 
bacteria not cultivable, such as Treponema pallidum.

The research will be also carried with hemocultures, looking for to establish a standard protocol for 
this type of sample, with the purpose of reduction of the diagnosis time. This because, in the context of 
blood samples, the tests they must be adapted for this new sample, because the bacteria if find inside 
of blood cells, therefore new procedures will have to be used and evaluated in order to obtain the 
expected results.
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