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Relationship of VCS parameters  for the detection of band form 
neutrophil and atypical lymphocyte in blood smear

Abstract
  The increasing number of immature white blood cells in blood smear are helpful in the diagnosis of 
inflammation or infection. Immature cells tend to be larger and have lower nuclear complexity than mature 
cells. Thus, the changing of mean volume and mean complexity of cells indicate the presence of immature 
cells in blood circulation. The Coulter LH 750 hematology analyzer uses the volume (V), conductivity (C), and 
scatter (S) technology for differential white blood cell count. We evaluated the neutrophil and lymphocyte VCS 
parameters of blood samples collected from 80 hematologically normal and 211 abnormal subjects with mean 
age of 53 ± 25 years. The results showed that there were significant higher mean neutrophil volume (MNV) 
(153.3 ± 15.2, P < 0.001) and standard deviation of neutrophil volume (SD-MNV) (26.6 ± 4.6, P < 0.001) 
in the samples with increased band form neutrophil (mean, 11.7 ± 10.2 %) when compared to healthy subjects 
(MNV = 147.5 ± 8.9, and SD-MNV = 21.1 ± 2.0). There were correlations between MNV and SD-MNV and 
manual band form neutrophil count (r = 0.477, P < 0.001 and r = 0.194, P = 0.005, respectively). In the blood 
samples with high atypical lymphocytes (mean, 6.6 ± 8.0 %), the standard deviation of lymphocyte volume 
(SD-MLV) (18.0 ± 3.2, P < 0.001) was increased when compared with healthy subjects (14.6 ± 1.4) and also 
moderate correlation (r = 0.407, P = 0.001) was found between both groups. This suggests that the abnormal 
MNV, SD-MNV and SD-MLV may be used as indicator for manual blood smear differential white blood cells 
count.  However, further study on known cases with neutrophilia or high atypical lymphocyte is needed.  
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 80  (  40,  40) 

  53.4 ± 15.9  
 

    
 suspect messages 

   Imm. NE1 /  Imm. NE2 /
 Variant LY /  Blasts   211  (  

123,  88)  53.0 ± 24.6   
 2    

 band form  > 6 %  133   
 atypical lymphocytes form > 6 %  30 
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  Coulter LH 750  

  1 
 2

  
 2 . 
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3
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1000 (Miles Laboratories, Elkhart, USA) 
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 200   400 (13)   
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 5 

 VCS  
 8,000 (3,14)  

Latron control  Coulter 5C cell control (Beckman 
Coulter, Fullerton, USA)  3  (Normal, Abnormal 
I, Abnormal II)  
   VCS  (MNV, 
MNC  MNS)  SD-MNV 

 VCS   MLV, MLC, MLS 
(mean lymphocyte scatter)  standard deviation 
of MLV (SD-MLV)  Diff Data   

  
Microsoft Excel(14) 

  
 SPSS/PC+ version 10.0 (Microsoft Corp., USA) 

, , 
 

 2  paired t-test 
 2 

 Mann-Whitney U test 
 Pearson (Pearson correlation coefficient, r)  P 

< 0.05 
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   3 
  Coulter LH 750 

 
   

 
  

atypical lymphocytes 
 ( ) 

 
   VCS 

  band 
form (  4) 

 suspect messages Imm. 
NE1 /  Imm. NE2  

 band form  0.5 - 5.9 %  76 
 > 6 %   133   MNV 

 SD-MNV  band 
form  (n = 209) 

 (P < 0.001, < 0.001  
)    

band form > 6.0 %  MNV  SD-MNV 
 band form 0.5 - 5.9 % 

 (P <0.001, 0.004 ) 
 MNV  SD-MNV  

 band form (  1)   r =  0.477 (P < 0.001)  
 0.194 (P = 0.008)   MNC 

 band form 
 (P < 

0.001, < 0.001  )   SD-MNC 

 (P < 0.001, < 0.001 )  
MNS  SD-MNS 

 3   Coulter LH 750 

Differential wbc count  Coulter LH 750   Manual  r

( % ) Mean + SD  Range Mean + SD  Range

N-myelocytes -  - 0.4 + 1.5  0.0 �– 17.7

N-metamyelocytes -  - 0.8 + 2.2  0.0 �– 16.2

Band form neutrophils -  - 11.7 + 10.2  0.0 �– 53.7

Neutrophils 70.2 + 21.3  8.8 - 97.7 56.9 + 19.9##  6.7 - 90.5 0.824*

Lymphocytes 18.9 + 14.8  1.2 - 72.6 20.5 + 15.6##  1.5 - 70.5 0.955*

Monocytes  8.6 + 9.1  0.2 - 54.6 5.6 + 3.6##   0.5 - 24.5 0.545*

Eosinophils   1.8 + 2.7  0.0 - 21.3 1.8 + 2.7  0.0 - 19.5 0.960*

Basophils   0.4 + 0.5  0.0 -  2.7 0.1 + 0.3##  0.0 -  2.2 0.162**

Atypical lymphocytes# -  - 6.6 + 8.0  0.0 �– 33.5

n = 211; Wbc count (11.3 + 7.5) x 109/L; SD = standard deviation; # n = 76 ## Paired t-test, P < 0.001 ; Pearson 
correlation *P < 0.001 ; ** P = 0.019
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   VCS  
atypical lymphocytes (  5) 

 suspect 
messages  Variant LY /  Blasts  

 atypical lymphocytes  0.5 - 5.9 %   
46   > 6 %  30   
MLC  atypical lymphocytes (n = 
76)  

 (P < 0.001)  MLS  SD-MLV 
 (P = 0.006, < 0.001 

)  MLC, MLS  SD-MLV 
 atypical lymphocytes (  2)  r =  

- 0.278 (P = 0.023), - 0.302 (P = 0.013)  0.407 
(P = 0.001)     
atypical lymphocytes > 6 %   SD-MLV 

 atypical lymphocytes  0.5 - 5.9  % 
 (P < 0.001)     MLC 

 (P = 0.006)

  

   
 suspect messages  flags  

   
 (

)  

 (  3)  
 VCS   

Diff Data  
 

(near-native state)  fixed  
 8,000 

    VCS 
 

     

  VCS 
 MNV, MNC  MNS 
 Chaves (4) 

 control 35   (MNV = 143.0 ± 4.8 , MNC 
= 142.0 ± 2.6  MNS = 146.0 ± 7.3)  

 SD-MNV 
  Coulter LH 750 

 (SD-MNV = 19.0 ± 1.5)(5)   
 , 

 
  

  band form 
 ( > 6 %)  MNV  SD-MNV 
 0.5 - 5.9 %  

 MNV  SD-MNV 
 

 suspect messages Imm. NE1  Imm. 
NE2 Bagdasaryan 6   MNV  
SD-MNV  (n = 242) 

 band 
form  r = 0.34, 0.48, 0.38  0.33 (P < 
0.05, 0.001, 0.001  0.05  ) 

 MNV  SD-MNV 

 band form,  
CRP 

    MNV = 
150  = 88 %   = 75 % 

  
band form  MNV  SD-
MNV  

  
   myelocytes  metamyelocytes 

(  2)  MNV  SD-
MNV 
  VCS 

 MLV, MLC, MLS  SD-MLV
 

 Piccinini(15)  444  (MLV = 
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87.7 ± 4.0, MNC = 114.0 ± 2.0  MNS = 69.5 
± 4.5, SD-MLV 15.1 ± 1.8)    MLV (

, 95)  SD-MLV ( , 22.4) 
 reactive lymphocyte (n = 10)  B-CLL 

(n = 7) Silva (7) 
 (n = 51)   MLV (91.0 ± 9.4)   SD-

MLV (20.3 ± 5.7)  (MLV 8.5 ± 2.8; 
SD-MLV 15.0 ± 1.5)   MLC (106.2 ± 4.8) 

 (111.0 ± 4.5) 
 MLV 

 SD-MLV  MLC  atypi-
cal lymphocyte 0.5 - 5.9  > 6 % 

 
/

 atypical lymphocytes 
   atypical lymphocytes 

  
atypical lymphocytes  primary DHF = 5.4 ± 3.9 

 30.9 ± 10.9 %  secondary DHF  
  3.9 ± 3.8  

  2.1 ± 1.4 % (2) 
 atypical lymphocytes 

  suspect messages  30 
 atypical lymphocyte > 6 %  10 
  monocytosis (  38.6 

± 8.9 %)  Verify Diff   
atypical lymphocytes  19.5 ± 7.2 %  

 7.3 ± 1.9 % ( ) 
  atypical lymphocytes 

 blasts ( ) 
    

  
suspect messages   VCS 

   VCS 
 

 band form 
 MNV  SD-MNV 

 atypical lymphocytes  SD-MLV    

 

 atypical lymphocytes 
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