
5th Iberoamerican Meeting on Optics and 8 th Latin American Meeting on Optics, Lasers and Their Applications, edited by A. Marcano O., 
J. L. Paz, Proc. of SPIE Vol. 5622 (SPIE, Bellingham, WA, 2004)-0277-786X/04$15 doi: 10.1117/12.589477 

78 

AAddvvaanncceess  iinn  tthhee  pprroocccceessiinngg  ooff  ppoolliicc rroommaatt  iimmaaggeess  aass  ddiiaaggnnoosstt iicc  mmeetthhoodd    
ttoo  ddeettee rrmmiinnee  WWhhiittee  SSppoott  SSyynnddrroommee  VViirruuss  ((WWSSSSVV))  iinn  wwhhiittee  sshhrriimmpp  

((LLiittooppeennaaeeuuss  vvaannnnaammeeii))    
  

MM..CC..  CChhaavveezz--SSáánncchheezz**11 ;;  JJ..  AAllvvaarreezz--BBoorrrreeggoo22   ;;  LL..  MMoonnttooyyaa--RRooddrr íígguueezz11 ;;    AAllee jjaannddrraa  GGaarrcc ííaa--GGaassccaa11 ;;  
EE..  FFaajjee rr--AAvviillaa11 ;;  RR..  PPaacchheeccoo--MMaarrggeess11 ..  

  
11UUnniiddaadd  MMaazzaatt lláánn  eenn  AAccuuiiccuullttuurraa  yy  MMaannee jjoo  AAmmbbiieennttaa ll  ddee ll  CCIIAADD,,  AA..CC..  AAvv..  SSáábbaa lloo--CCeerrrr iittooss  ss //nn,,  CCPP..  

8822001100,,  MMaazzaatt lláánn,,  SS iinnaa llooaa,,  MMééxxiiccoo ..    
22CCeennttrroo  ddee  IInnvveesstt iiggaacc iióónn  CC iieenntt ííffiiccaa  yy  ddee  EEdduuccaacc iióónn  SS uuppeerr iioorr  ddee  EEnnsseennaaddaa..  KK mm..  110077  CCaarrrree tteerraa  

TTiijjuuaannaa--EEnnsseennaaddaa,,  EEnnsseennaaddaa,,  BB..  CC..  MMééxxiiccoo..  
    
          

AABB SSTTRRAACCTT  

White spot syndrome (WSSV) is a viral disease which affects many crustacean species including commercial shrimps.  
Adequate, precise and quick methods to diagnose on time the presence of the disease in order to apply different strategies 
to avoid the dispersion and to reduce mortalities is necessary.  Histopathology is an important diagnostic method. 
However, histopathology has the problem that requires time to prepare the histological slides and time to arrive to some 
diagnosis  because this depend on the nature of the tissues, the pathogen(s) to find, the number of organisms , number of 
slides to analyze and the skill of the technician. This paper try to demonstrate the sensibility of one digital system of 
processing and recognition of images using color correlation with phase filters, to identify inclusion bodies of  WSSV. 
Infected tissues were processed to obtain histological slides and to verify that the inclusion bodies observed were of 
WSV, in situ hybridization were carried out.  The sensibility results of the recognition of the inclusion bodies of WSSV 
with the color correlation program was 86.1%. The highest percentage of recognition was in nervous system and 
tegument glands with 100%. The values in the stomach epithelium and heart tissue was 78.45% of recognition. Tissues 
with the lowest recognition values were lymphoid organ and hematopoietic tissue. It is necessary further studies to 
increase the sensibility and to obtain the specificity. 

 
KKee yy  wwoorrddss ::    WWhhiittee  ssppoott  ssyynnddrroommee  vviirruuss  ((WWSSSSVV)),,  hhiissttooppaatthhoollooggyy,,  pprr oocceessssiinngg,,  iimmaaggeess,,  ccoolloorr  ccoorrrreellaatt iioonn..  
  

11..  IINNTTRROODDUUCCTTIIOONN  

  

White spot syndrome (WSSV) is a viral disease which affect many crustacean species including commercial shrimps.  It 
was detected for the first time in Asian countries1-5, causing the highest economic losses registered in the aquaculture 
industry.   In North America was detected in 1995 in Texas and North Carolina6, in Mexico at the end of 1999 in shrimp 
farms located in the northwest coast of the country7 . 
This viral disease is still causing important losses in many countries, including Mexico. Histopathology is an important 
diagnostic method highly used because with this technique is the only way to observe pathological changes at cellular 
level. However, histopathology has the problem that requires time to prepare the histological slides and time to arrive to 
some diagnosis  which depends on the nature of the tissues, the pathogen(s) or histopathological changes  to find, the 
number or organisms , the number of slides to analyze and the skill of the technician.  
Diseases in aquaculture resulted most of the time in epizootic.  To make a proper diagnosis during an epizootic or to 
carry out and epidemiologic study, time is very important to determine the strategies to take to control or to stop the 
spread of the disease.  
The recognition of polychromic images has been used with success to recognize different objects such as geometric 
figures8-11 but no organisms . This method was used for the first time by Álvarez-Borrego and Chávez-Sánchez (2001), to 
determine inclusion bodies of the virus known as Infectious and Hematopoietic and Hypodermic Virus (IHHNV)  in 
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histopathological slides. In the present paper, the same method was used, to demonstrate the sensibility of this digital 
system using color correlation with phase filters, to identify inclusion bodies of WSSV. 

 
2. METHODS 

 
2.1 Histopathological material. 
 

The main histopathological material was obtained from the archive of slides of the Histopathological Laboratory at 
CIAD, Mazatlan and a second group of slides from 5 organisms were obtained from two previous bioassays carried out 
to find the first phases of the disease and to determine if there are different phases of the inclusion bodies during the 
infection (unpublished data). From them, 300 images were used for this study  and 20 slides were taken at random to 
carried out in situ hybridization to be sure that all the inclusion bodies observed and selected to work with, were from 
WSSV, following the Boehringer Manheimm manual (1996)12 and following   DiagXotics®, Inc., USA 
recommendations. 
   
2.2 Color digital correlation algorithm. 
 
Using a digital camera (Cyber-Shot, DSC-S75, Sony, Japan) connected to an optical microscope (Carl Zeiss, axioskop 2 
plus, Germany) and using an objective of 63X, the images of the inclusion bodies were obtained.  Each image, f(x,y), 
with size of 256 X 256 pixels. 
Figure 1 shows a general diagram of the algorithm used in this work.  A numerical simulation was performed in order to 
obtain the digital color correlation in the differents tissues of the shrimp.  Three hundred images were obtained.  In the 
step 1, we have the bank of images with differents shapes, sizes and orientations of the inclusion bodies.  In order to 
obtain a better relief of the information, the images f1, f2, …, fn were rised to the square (step 2).  In the step 3, each 
image was split up in three channels (RGB).  For each channel the Fourier transform was obtained (step 4).  In the step 5 
we obtained the phase filter which has the information of the target.  Problem images are in the step 6 and in the same 
way that step 2, the images were rised to the square (step 7), in the step 8 we obtained the RGB for each image and in the 
step 9 the Fourier transform is obtained for each channel.  The cross-spectrum is obtained in step 10 and in the step 11 
we calculated the digital correlation for the i-th filter using the inverse Fourier transform.  Step 12 shows the result of the 
digital color correlation of each channel and for each i-th filter the result is keeping (step 13). Finaly, the correlation is 
obtained with the sum of the results of the correlations for each i-th filter (step 14). 
 
2.3 Percentage of recognition of the inclusion bodies of WSSV using color correlation  
 
To validate this diagnostic method, its sensibility was determined; more than 300 images of inclusion bodies were 
introduced into the data base of the program. These inclusion bodies were present in different tissues and organs.  The 
sensibility of the method was tested using a modified13 formula as follow:  

 
True positive results 

 Sensibility                                                           = % Sensibility 
        Inclusion bodies present in 

      the image  
  
 

3. RESULTS 
 
Three hundred histological slides were selected with the characteristic WWSV inclusion bodies to build up the data base 
and to evaluate the sensibility of the method. Taking into account that  inclusion bodies have different morphologies and  
color during development of the disease and different cells and tissues infected, one classification was develop to 
facilitate the construction of the filters. This classification consisted in 15 different inclusion bodies included in 5 
different types as follow:   
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Fig. 1.  General algorithm diagram 
 
 

          
Type1.- Inclusion bodies (I.B.) where it is observed a clear space between one part of the center of the nucleus and the external margin 
of the same, marginal chromatin interrupted or lightly visible and in occasions clearly marked.   
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Type 2. Cowdry A  type I.B. where a clear space is observed between the sometimes very clear eosinophilic  or sometimes strongly 
eosinophilic center of the nucleus, with very clear and marked chromatin (first figure) or sometimes diffuse chromatin as figures 2 and 
3.  

 

 
 

Type 3.- Strong eosinophylic to lightly basophilic inclusion bodies covering completely the nucleus. Chromatin marginal 
always present.  

              

Type 4.-  Eosinophylic or lightly basophilic I.B. covering the nucleus. Chromatin marginal absent. 

 

                       

Type 5.- Eosinophylic or basophilic I.B. completely filling the nucleus, interrupted or lightly visible chromatin.  

 

 
Figure 2 is an example of the efficient identification of the inclusion bodies of WSSV by the color correlation system. 
However, the system also confused some other eocinophilic or basophilic cells with inclusion bodies (Figures 3)  

The sensibility results of the recognition of the inclusion bodies of WSSV with the color correlation program was 86.1%. 
The highest percentage of recognition was in nervous system and tegument glands with 100%. The values in the stomach 
epithelium and heart tissue was 78.45% of recognition. Tissues with the lowest recognition values were lymphoid organ 
and hematopoietic tissue.  

 

4. DISCUSION 
 

The algorithm used in this study is almost similar to other used14. However the difference is that in this study the 
algorithm used is invariant scale, rotation and position. The sensibility value obtained in this study was 86%. Some 
researchers15 established that in conventional taxonomy trained staffs obtain between 67 and 83% recognition. A 
diagnostic method must be highly specific. For disease surveillance it is necessary at least 95% of sensibility and  75%  
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a                                                        b 

    

                                     

 

            
Figure 2.- Inclusion bodies images of WSSV in a antenal gland section (a) and in gill epithelial tissue  (b). Color correlation graphs 
phase filters show an efficient identification.  

 
specificity and in case of the presence of diseases for a diagnostic method it is necessary to have at least 75% sensibility 
and 95% specificity16. It is necessary further studies to increase the sensibility and to obtain the specificity. To evaluate 
specificity in further studies, histological slides with shrimp tissue infected with IHHNV (Infectious Hypodermic and 
Hypodermal Virus) which are inclusion bodies similar to some inclusion bodies of WSSV can be used as blind sample. It 
is also necessary to had better quality digital images, better illumination and focus of the figures. This paper 
demonstrates the potential of this system if more work is carried out to solve the problems observed.  
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a                                                         b 

      

 

 

     

Figure 3.- Inclusion bodies images of WSSV in a section of epithelial tissue (a) and antenal gland (b). Color correlation graphs without 
invariant phase filters show false positives (+) (bold arrows). 
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