
                   International Journal of Health Sciences & Research (www.ijhsr.org)  290 

Vol.7; Issue: 8; August 2017 

   International Journal of Health Sciences and Research 
www.ijhsr.org                                 ISSN: 2249-9571 

 

Original Research Article 

 

The Role of Cytochemistry in the Diagnosis of Acute 

Leukemias 
 

Glaucia Aparecida Domingos Resende
1
, Miriane da Costa Gileno

2
,  

Helio Moraes-Souza
3
,Aline Menezes Carlos

4
, Alexandra Silva Leal

4
,  

Paulo Roberto Juliano Martins
5
 

 
1Biomédical, with specialization in Hematology and Hemotherapy, doctoral student in the Health Sciences, 

Federal University of Triangulo Mineiro / UFTM, Brazil 
2Professor in the Postgraduate Program in Biotechnology in Regenerative Medicine and Medicinal Chemistry of 

the University of Araraquara, Brazil 
3Professor of the Hematology and Hemotherapy Section Department of Medicine, Federal University of the 

Triangulo Mineiro / UFTM, Brazil 
4Biomédical, doctoral student in the Health Sciences, Federal University of Triangulo Mineiro / UFTM, Brazil 

5Associate Professor IV of the Discipline of Hematology and Hemotherapy - Federal University of the 

Triangulo Mineiro/ Coordinator of the Hemocentro Regional of Uberaba - Hemominas Foundation, Brazil 

 
 

Corresponding Author: Glaucia Aparecida Domingos Resende 

 

         

ABSTRACT 

 

Introduction: Acute leukemias are clonal disorders of the hematopoietic tissue, characterized by 

proliferation of immature cells in the bone marrow and maturative block. 

Objective: To verify if the cytochemical stains offer contributions for the diagnosis of Acute leukemias. 

Materials and methods: Sixty-seven patients with suspected clinical and hematological acute leukemia 

(AML), attended the Department of Hematology and Hemotherapy of the Federal University of the 

Triângulo Mineiro / UFTM. Patients were aged from two to ninety-three years old, with median of 29.0. 

The study used morphological analysis, cytochemical staining of myeloperoxidase (MPO), Sudan Black 

(SBB), Schiff's Periodic Acid (PAS) and alpha-naphthyl acetate esterase (ANAE), as well as 

immunophenotyping. 

Results: Cytochemical staining (associated with morphology) was diagnosed in 89.5% of cases. MPO was 

positive in 30 of the 36 AML cases (83.33%). SBB was positive in 29 of 35 cases (82.9%.) Both reactions 

(MPO and SBB) were negative for the 31cases (100%) with acute lymphoblastic leukemia (ALL). The 

PAS was positive in 31 of cases (100%) of ALL and in one of AML (3.2%) who was also positive for 

MPO and SBB with monocytoid blasts to morphological analysis.  

Immunophenotyping confirmed that the staining of ANAE processed in 10 cases of suspected monocytic 

leukemia cases showed positivity in 7 of the 10 cases (70%). 

Conclusion: Significanlty, cytochemistry associated with morphology differentiates most of the myeloid 

lymphoid leukemias. Thus, based on this study and considering the initial impact on prognosis and 

therapeutic choice, we believe that cytochemistry continues to play an important role in the distinction 

between these leukemias. 
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1. INTRDUCTION 

Acute leukemias are a heterogeneous 

group of hematopoietic cell neoplasms 

characterized by clonal expansion and 

maturative block, with predominance of 

immature cells constituting more than 20% 

of the nucleated elements of the bone 

marrow. 
[1,2]

 These cells compromise normal 

http://www.ijhsr.org/


Glaucia Aparecida Domingos Resende et al. The Role of Cytochemistry in the Diagnosis of Acute Leukemias 

                   International Journal of Health Sciences & Research (www.ijhsr.org)  291 

Vol.7; Issue: 8; August 2017 

hematopoiesis, causing anemia, neutropenia 

and thrombocytopenia, with abrupt outbreak 

of and signs and symptoms of weakness, 

fever/infection and hemorrhage 
[3] 

(FARIAS 

et al, 2004). Frequently these blasts are 

present in the peripheral blood, and may 

also infiltrate other tissues and organs such 

as liver, spleen and lymph nodes. 
[4]

 

There are differences in cellular type 

in acute myeloid leukemia (AML) and acute 

lymphoid leukemia (ALL), with a 

predominance of lymphoid type in 

childhood in 70% of cases (with a higher 

occurrence between 2 to 7 years) and 

myeloid type in 80% of adults. 
[5]

 A 

minority(about 5% of the cases) present 

characteristics of both the lineages (myeloid 

and lymphoid) and are defined as 

biphenotypic. 
[6]

 

The lymphoid and myeloid subtypes 

differ substantially, as well as in terms of 

therapy and clinical course. Thus, 

morphological and cytochemical analysis 

associated with more sophisticated 

techniques such as immunophenotyping, 

cytogenetics and molecular biology allow 

this differentiation, contributing to a more 

precise diagnostic and therapeutic approach. 
[2,7]

 
Preliminary techniques for 

morphology and cytochemistry of peripheral 

blood and bone marrow form the basis for 

diagnosis, 
[8]

 and follow criteria established 

since 1976 by the American British Franco 

Group (FAB), which initially classified 

myeloid leukemias in six subtypes (M1, M2, 

M3 M4, M5, M6) and the lymphoid cells in 

three (L1, L2 and L3), subsequently 

incorporating the M0 and M7 subtypes. 
[7,9]

 

Since the 1980’s, leukemia of ambiguous or 

biphenotypic lineage has been identified. 

However cytochemical staining techniques 

are rarely positive in these cases, and when 

present, are less than 3% and only 

diagnosed via immunophenotyping. 
[10]

 

The cytochemical stains include 

myeloperoxidase (MPO), Sudan Black B 

(SBB), Schiff Periodic Acid (PAS), Alpha 

Naftil Acetate Esterase non-specific esterase 

(ANAE), Chloroacetate Esterase (CAE), 

Alpha naphthyl butyrate esterase (ANBE). 

These techniques allow the distinction 

between lyphoid and myeloid lineages in the 

majority of cases. 
[5,11]

 With the advent of 

flow cytometry, immunophenotypic analysis 

of bone marrow and peripheral blood 

became standard because of the 

differentiation it provides in relation to the 

lineage and the maturative stage of the cell, 

and because it can be used in conjunction 

with cytochemistry. 
[7]

 

The cytochemical stain technique 

(whilst declining) is a simple and low-cost 

technique for the diagnosis of acute 

leukemias. We believe that the re-evaluation 

of this technique in distinguishing these 

leukemias may still play an important role 

in localities that do not have advanced 

diagnostic techniques, which justifies this 

study. 
[11]

 

 

2. METHODS 

The study included 67 patients with 

acute leukemia, aged between two and 

ninety-three years old, who attended the 

Service of Hematology and Hemotherapy of 

the Federal University of the Triângulo 

Mineiro (UFTM) from August 2009 to 

February 2013 (excluding those in treatment 

and / or relapse). The study was approved 

by the Ethics and Research Committee of 

the UFTM under protocol number 1696. 

Samples of peripheral blood and bone 

marrow were analyzed and after making the 

smears were stained by Leishman and 

cytochemistry. Samples of bone marrow 

were sent for immunophenotyping. Blade 

readings were performed by two 

hematologists and one biomedical. The 

diagnosis of acute leukemia was confirmed 

when>20% of the nucleated elements of the 

bone marrow were blasts and / or these were 

identified in the peripheral blood. The 

cytochemical reactions, Sudan Black B 

(SBB) and Myeloperoxidase (MPO), were 

processed by the Sheehan technique and the 

DAB Plus Liquid Cromogen / Substrate kit 

and Biosystems kit, Pleasanton, CA (USA) 

respectively, and PAS by the Hotchkiss 

technique. Leukemias were classified as 
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AML and ALL according to cytochemical 

reactions, when 3% or more of the blasts in 

the bone marrow or peripheral blood were 

positive. For MPO and SBB, positivity was 

defined as presence of brown and black 

granules, respectively present in 3% or more 

in the cytoplasm of blasts in the bone 

marrow or peripheral blood. 
[12]

 Positivity 

for PAS was defined as presence of coarse 

and fine granules (purple or magenta) in 

blasts in the bone marrow or peripheral 

blood
3
. The ANAE reaction with and 

without inhibition of fluoride was 

performed in ten cases with morphology 

suggestive of the monocytoid lineage. 

Immunophenotyping by flow cytometry was 

performed on a Calibur Facsimile apparatus 

using the panel of monoclonal antibodies: 

D13, CD33, HLA-DR, CD117, CD34, 

CD38, CD45, Anti-MPO, CD11b, CD14, 

CD64, TdT, CD42a, CD79a, CD56, CD2, 

CD3 and cCD3, CD4, CD8, CD10, CD19, 

CD22, Anti-Kappa and Anti-Lambda. The 

results of the cytochemistry were compared 

with those of the immunophenotyping and 

agreement between the methods was 

verified by the statistical tests of Kappa and 

McNemar Square Qi. 

 

3. RESULTS 

Results were derived from a group 

of 67 patients, aged from two to ninety-three 

years old, with a median of 29.0. The 

majorities were aged over 20 years old and 

white (56.7%), 73.7% were adults and 

61.42% of the 67 patients were male. MPO 

was positive in 30 (83.3%) cases of AML. 

The SBB in 29 cases (82.85%) and both 

reactions were negative for 31 (100%) cases 

of ALL. The SBB in one reaction was not 

processed due to marrow scarcity. The PAS 

staining was positive in 31 (100%) cases of 

ALL and positive in 1 of 36 cases (2.77%) 

of AML with diffuse and granular standard 

positivity concomitantly, with morphology 

suggestive of the monocytic lineage. Six 

cases (8.95%) were negative for the three 

reactions (Table 1). The ANAE staining was 

positive in 7 of 10 cases with inhibition of 

fluoride. 
 

Table 1: Cytochemical diagnostic performance 

 Diagnóstico Sensitivity Specifity PPV NPV Accuracy 

AML ALL 

MPO Positive 30 0 83,3 100 100 83,8 91 

Negative 6 31 

SBB Positive 29 0 82,9 100 100  83,8 90,9 

Negative 6 0 

PAS Positive 1 31 96,9 100 100 100 96,9 

Negative 30 0 

MPO: Sensitivity: Se = 83.8%; Specificity: Sp = 100%; Positive Predictive Value: PPV = 100%; Negative Predictive Value: NPV = 83.8%, 

SBB: Sensitivity: Se = 82.9%; Specificity: Sp = 100%; Positive Predictive Value: PPV = 100%; Negative Predictive Value: NPV = 83.8%, 

SBP: Sensitivity: Se = 96.9%; Specificity: Sp = 100%; Positive Predictive Value: PVV = 100%; Negative Predictive Value: NPV = 96.9%. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

MPO: myeloperoxidase; SBB: Sudan Black B; Kappa coefficient: k = 0.82); McNemar's concordance: p = 0.041; Considering Myeloid (+) 

and Lymphoid (-); PAS: (kappa coefficient: k = 0.97), McNemar agreement: p = 0.0001; Considered lymphoid (+) and myeloid (-). 

 

Of the 67immunophenotyping cases, 30 

(44.77%) were AML, 31 (46.26%) ALL, 

and 3 (4.47%) were biphenotypic. 

When comparing the results of the 

cytochemical staining with the 

immunophenotyping, the MPO and SBB 

Table 2: Concordance of cytochemical results with immunophenotyping  

 Immunophenotyping    

  Mieloide  

(n= 36) 

Linfoide (n=31) McNemar Kappa Accuracy 

Cytochemistry No. % No. %    

MPO     P= 0,041 0,82 91,0 

Positive 30 83,3 0.0 0.0    

Negative 6 16,7 31 100        

SBB         P= 0,041 0,82 90,9 

Positive 29 80,55 0.0 0.0    

Negative 6 16,7 31 100       

PAS         P= 0,0001 0,97 98,4 

Positive 1 2,77 31 100    

Negative 0 0.0 0.0 0.0       
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had significant agreement (p = 0.041; kappa 

= 0.82) with CD13, CD33 and anti-MPO of 

the myeloid and negative lineage with 

markers of the lymphoid lineage. The 

positive PAS presented significant 

agreement (p = <0.0001; kappa = 0.97) with 

CD2, CD3, CD4, CD8 CD 19, CD10 and 

CD22 and negative with CD13 and CD33. 

(Table 2). The ANAE, positive in 7 of 10 

(70%) of cases analyzed, showed strong 

positivity for CD14 in six cases and weak 

positivity in one case. 

 

4. DISCUSSION 

Cytochemistry, together with 

morphology, identified 85.9% of the cases 

with an accuracy of 91.0% of myeloid 

leukemias and 98.5% of lymphoid leukemia 

which is supported by the study by Akran et 

al which found an accuracy of 93.3%.In our 

study, MPO and SBB correctly diagnosed 

83.8% of myeloids and 100% of lymphoid 

SBP. MPO and SBB were concordant in 

83.3% and 80.5% of AML cases, 

particularly in more differentiated AML 

subtypes such as M2, M3, M4 and 

M5,similar by the study found by 

Klobuzicka 
[13]

 (2005)and 100% of ALL. In 

this study MPO diagnosed cases of AML 

with high sensitivity and specificity 

correlated significantly with CD13 and 

CD33. The presence of 3% of positive MPO 

already confrims the diagnosis of AML, 

considered of high sensitivity and specific 

of the myeloid lineage. 
[14-16]

 In addition, a 

study by Matsuo et al, with 491 patients, 

revealed that the percentage of positive 

MPO is a highly significant prognostic 

factor for AML patients, and especially 

useful for stratifying patients with normal 

karyotype. 
[17]

 

According to Klobusická 
[15]

 in 2000 

the MPO reaction may be superior to the 

CD13 and CD33 markers in the 

identification of the myeloid lineage, as in 

some cases of AML-M2 with t (8:21) (q22: 

q22) in which these markers are negative, 

the MPO is strongly positive. 

SBB was expressed in 83.8% of 

AML, with good sensitivity and also 

significant agreement with CD13, CD33 and 

negative for lymphoid markers. It is 

important to emphasize that SBB is not 

specific for myeloid series, and may be 

positive in ALL, as reported by Stass et al., 
[18]

 which demonstrated 1.6% of 350 

patients with ALL and Srishti et al which 

demonstrated 13.3% of 15 cases. However, 

SBB demonstrated high sensitivity for the 

diagnosis of AML, correlated with CD13 

and CD33 
[11] 

as demonstrated in our study. 

ANAE is a cytochemistry to identify 

monocytic blasts (M4 and M5). Of the ten 

cases evaluated by us, seven were ANAE 

positive, supported by MPO and SBB and 

CD14 also positive and three negative were 

AML of the M2 subtype. One of the seven 

cases was also positive for standard granular 

and concomitant diffuse SBP, but with an 

evident presence of monocytoid blasts for 

morphological analysis, MPO, SBB 

positive, and weak CD14 positive. These 

findings reinforce the importance of 

cytochemistry in this subtype. Klobusická 
[15] 

in 2000 reports that although CD14 is 

considered specific to monocytic lineage, it 

is not restricted to all stages of maturation of 

monocytes, such as nonoblasts and 

promonocytes, generally negative for this 

marker, but strongly positive for ANAE. 
[15]

 

The final diagnosis was then based on the 

junction of morphology, cytochemistry and 

immunophenotyping. Studies have reported 

the positivity of ANAE in lymphoid blasts, 

a fact not observed by us, since this reaction 

has not been tested in these cases. 
[19]

 

PAS was positive in 100% of ALL, 

with a significant positive correlation with 

CD.4, CD3, CD10, CD19 and CD20. Unlike 

the results found by Samir et al, in which 

this staining was negative in 20% (9/44) of 

the lymphoid cells. 
[20]

 This reaction has 

granular positivity for lymphoblasts, 

although studies have already demonstrated 

negativity in some cases of T-ALL, 
[21]

 this 

was not observedin our study. Granular 

deposits have also been occasionally 

described in AML, such as M4, M5 and M6. 
[22]

 In our study, PAS was granular and 

concomitant diffuse positive in a case of 
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AML-M4, but with positivity for MPO and 

SBB. The sensitivity of the combination of 

PAS staining with MPO and SBB was 

96.4%, but the specificity for ALL was 

100%. Thus, SBP, in combination with 

negative MPO and SBB, continues to play 

an important role in the distinction between 

lymphoblastic and myeloblastic leukemia 

and immunophenotyping supports this 

diagnosis. 
[11,19]

 

Cytochemistry was negative in six 

cases (8.95%) and two morphological 

analysis revealed immature blasts 

suggestive of AML-M0.In the M7 case, 

(whose morphology is rarely distinguishable 

and cytochemical staining is always 

negative) immunophenotyping reveals an 

absence of most markers of myeloid and 

lymphoid lineage, expressing those specific 

for megakaryocytic lineage. 
[23]

 In the 

remaining three cases of acute biphenotypic 

leukemias that rarely present positivities for 

cytochemical staining (or less than 3%), 

immunodenotyping becomes indispensable 

for the diagnosis of undifferentiated 

leukemias. 
[1]

 

 

6. CONCLUSION 

In our study, the cytochemistry 

associated with morphology (considering 

the low cost, easy execution and the impact 

on the prognosis and therapeutic choice in 

the first instance) demonstrated high 

sensitivity and specificity of the differential 

diagnosis of acute myeloid lymphoid 

leukemias,. We believe that cytochemistry 

continues to play an important role in the 

distinction between these leukemias and can 

be used in places that do not yet have the 

most advanced diagnostic resources and / or 

immunophenotyping, cytogenetics and 

molecular biology. 
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