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White blood cell suspect flags and white blood cell
histogram pattern in acute leukemias
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Abstract:
The objective of the study was to determine whether the information of combined flagging and histogram
recognition can be of aid in identifying cases of acute leukemia and their morphological type. 20 blood samples of
suspected and diagnosed cases of acute leukemia in one and a half years in our hospital were studied. The blood
samples were collected in EDTA and analyzed in an automated 3-part differential cell counter. The diagnosis of
leukemia was confirmed after peripheral smear examination and in some cases bone marrow examination of the
patient. The cell counts, White blood cell(WBC) suspect flags and histogram generated from all these cases were
collected and analyzed to try to find its utility in predicting the morphological type of acute leukemia.Twenty cases of
acute leukemia were analyzed, 16 (80%) out of which were acute myeloid leukemia (AML) and 4 (20%)were acute
lymphoid leukemia (ALL).All the 4 cases of ALL shows M2G1G2 flags and only one case showed G3 flag. In AML 15
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the presence of hematologic abnormalities such as leukemia
(6,7).

Introduction:
Manual differential counting is considered as the
gold standard for the accurate identification of cells in the
peripheral blood (1). However, this method is both laborious
and time-intensive (1,2). Additionally, the low cell counts
noted following chemotherapy frequently complicate
attempts to obtain a sufficient number of cells to render a
meaningful manual differential count (3). Therefore, complete
blood counts (CBCs) and white blood cell (WBC) differentials
conducted using automated blood cell analyzers have
replaced the traditional manual differential count method for
the initial screening and detection of haematological
abnormalities in modern hospitals and clinics (4,5). A
complete blood count is done routinely as a baseline
investigation. Automated cell counters can give a lot of
information to us regarding the blood cell counts, differential
white cell count, RBC indices and the white blood cell (WBC),
red blood cell (RBC) and platelet histograms. A histogram is
derived by plotting the size of each cell on x axis and the
relative number on the y axis. The histograms in conjugation
with absolute cell counts gives valuable information about the
abnormality of the sample and the need for follow up
peripheral blood film examination(6). Histograms can be used
to screen for blood pathology, but should not be considered
diagnostic for any particular condition. In the WBC histogram,
WBC size is plotted against their number. In a three part
automated cell counter, the WBCs are differentiated into
Lymphocytes, Granulocytes and Mononuclear cells. The
automated analyzers are capable of detecting the presence of
abnormal cell populations and provide cautionary flags. With
improved performance and flagging capabilities, CBCs are
frequently employed as an effective screening tool to detect

Objective:
To determine whether the information of combined
flagging and histogram recognition can be of aid in identifying
cases of acute leukemia and their morphological type.
Materials and Methods:
This is a cross sectional study. It was conducted in the
Department of Pathology, NKP Salve Institute of Medical
Sciences, Nagpur after approved by institutional ethics
committee. Twenty Cases of Acute Leukemia diagnosed over a
period of two years, from July 2010 to June 2012 were
retrospectively reviewed. In all cases a multi parameter
complete blood count (CBC) from the HORIBA ABX Cell
Counter was studied. This included a three part WBC
differential count along with suspect flags and WBC
histograms. The suspect flags generated by the HORIBA ABX
analyzer along with respective characteristic are listed below
in Table IV. The cases were part of the routine workload of the
laboratory. Standard haematological procedures and the
manufacturer's instructions were followed while processing
ethylenediaminetetra-acetic acid (EDTA) blood in the HORIBA
ABX haematology analyzer. The type of suspect flags
generated and the corresponding histogram patterns were
studied. Leishman stained peripheral blood smears were
available in all cases, on which manual differential counts were
performed. Bone marrow aspirates and cytochemical tests
were used to categorize cases of acute leukemia.
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Results

Table VI:
Total leucocyte count and Blast count in peripheral smear in
cases of AML (Acute Myeloid Leukemia)

Table I:
Age distribution of Acute Leukemia
Type of leukemia
0-20
Acute myeloid
leukemia
Acute lymphoid
leukemia
Grand total

Age ( in years)
20-40
40-60

Case No.
60-80

Total

H-143-10
H-155-10
H-5-11
H-39-11
H-79-11
H-95-11
H-121-11
H-124-11
H-170-11
H-174-11
H-210-11
H-15-12
H-45-12
H-66-12
H-102-12
W-86

6 (30%) 5 (25%) 2 (10%) 3(15%) 16 (80%)
1 (5%)

3 (15%) 0

0

4 (20%)

7 (35%) 8 (40%) 2 (10%) 3 (15%) 20

Table II:
Sex Distribution of Acute Leukemia
Type of Acute leukemia

Male

Female

Total

Acute Myeloid Leukemia
Acute Lymphoid Leukemia
Grand Total

6 (37.5%)
0
6 (30%)

10 (62.5%)
4 (100%)
14 (70%)

16
4
20

Total Leucocyte Count (mm3) Blast Count (%)
17,000
99,000
62,000
1,900
1,20,000
44,000
1,70,000
1500
25,000
59,000
20,000
1,12,000
40,000
28,000
90,000
52,900

49
30
85
35
90
70
70
90
85
80
70
70
70
80
95
99

Table III:
Symptoms and signs
Symptoms and signs

AML(n = 16)

General weakness
2
Pain in bones or joints
5
High fever
10
Sternal tenderness
2
Hepatomegaly
2
Splenomegaly
2
Lymphadenopathy
2
Coma
1
Table IV:
Flags observed in our cases of Acute Leukemia

1
-----2
---2
2
2
----

Type of Acute
Leukemia

Flags
M2
(%)

G1
(%)

G2
(%)

G3
(%)

L1
(%)

Acute Myeloid
Leukemia (n = 16)
Acute Lymphoid
Leukemia (n = 4)

16

16

15

4

2

(100)

(100)

(93.75)

(25)

(12.5)

4

4

1

0

(100)

(100)

(25)

4
(100)

Figure 1:
Histogram of ALL showing M2 G1 G2 flags and a high
differential count in the lymphocyte region

ALL (n = 4)

Figure 2:
Histogram of AML showing M2 G1 G2 flags and a high
differential count in the monocyte and granulocyte region

Table V:
Total Leucocyte count and Blast count in peripheral smear in
cases of ALL (acute lymphoid leukemia)
Case No.
H-162-10
H-138-11
H-68-12
H-127-12

Total Leucocyte Count
(per mm3)
4300
48,000
59,000
6,700

Blast Count(%)
10
85
90
80
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abnormalities of white cells especially in leukemias
(10,11).These studies have focused mainly on the ability of the
automated analyzers to detect the leukemic cells and to type
the leukemia further into AML and ALL. Many of these studies
have been part of a much larger evaluation of a specific
automated analyzer or have compared different analyzers.

Figure 3:
Photomicrograph of blasts in AML

The cases of acute leukemia studied in our institute
showed diversity in the age, sex and flagging parameters. For
acute myeloid leukemia the age ranged from 10 to 65 years
whereas in acute lymphoid leukemia the age ranged from 11
years to 35 years (Table I). Both ALL and AML showed a female
preponderance occurrence (Table 2). A combination of M2 G1
G2 was the most common flagging seen in both AML and ALL
cases (Table V).
Hoyer et al (7) analyzed 100 cases of acute leukemias
with circulating blasts, 72 with AML and 38 with ALL. All cases
of AML with a high WBC count generated the suspect flag for
blasts with 82.1% of the scatter plots being typical of AML and
the remaining being indeterminate or aberrant. Among the
cases of ALL with high TLC, the suspect blast flags were
generated in 77.3% samples while 63.6% scatter plots were
typical of ALL. Kakkar and Kaur (6) Studied 22 cases of AML and
9 cases of ALL out of which all of them generated suspect blast
flag M2 along with other WBC non blast suspect flags.G3 and
suspect flags were inconsistent and hence not informative.L1
flag which is triggered by the presence of atypical lymphocytes
among other conditions was not encountered in any case.

Figure 4:
Photomicrograph of blasts in ALL

G3 flag indicating large immature cells was seen in 4
cases of AML and 1 case of ALL. Our findings show triggering of
the M2 flag was highly consistent (100%) in the presence of
both lymphoblasts and myeloblasts and we thereby suggest
that M2 can be rechristened as a blast flag(for both
myeloblasts and lymphoblasts) instead of its present status as
a flag indicating the presence of lymphoblasts alone, for the 3
part cell counter.
Discussion:

The normal histogram pattern for WBC's generated
by the analyzer divides the cell population into three zones
based on respective cell volumes –Lymphocytes (30-100 fl),
Monocytes(100-150 fl), and Granulocytes (150fl- unlimited
volumetrically). Leukemic cells, because of their size variation
and aberrant conductive properties tend to be distributed
haphazardly and show up as an abnormally displaced curve
with a single peak in place of the individual peaks for the major
two zones i.e. lymphocyte and granulocyte. The myeloid
leukemic curve usually encompasses cells by virtue of their
larger size show a distribution curve in higher volume
(granulocytic) zone while the cells in lympholastic leukemia
form a curve in the lesser volume (lymphocyte/monocyte)
zone. We also had some AML cases showing a peak in the
monocyte zone (Figures 1 and 2). The histogram patterns also
provided a valuable clue to the presence of abnormal cells in
the cases of acute leukemia.

Advances in differential WBC technology have
focused principally on the accurate identification of small
numbers of circulating abnormal cells and increased flagging
efficiency.With automated blood cell analysis increasingly
becoming a routine in haematology laboratories, the role of
manual compete blood count has diminished(8).
The greatest challenge for advanced technology for
use in the automated analyzer has been the refinement of the
leucocyte differential count. Modern day automated
analyzers score over manual differential counts in economy,
speed, accuracy and precision. If a differential count shows
non-distributional abnormalities, there is as yet, no substitute
for the human observer for further enumeration of the
abnormal cells(9).Various authors have studied the data
output of automated haematology analyzers with respect to
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We by no means imply that the suspect flags and
histograms are diagnostic by themselves. Their combined
interpretation, however, can aid in earmarking the suspect
samples that would then require the morphologist to step
in(6).This in itself is a vital contribution by the automated data
especially in high output laboratories and can ensure that the
suspect samples are not inadvertently missed or delayed in
analysis.
Impact:
When the preliminary diagnosis of leukemia is made
with CBC and manual slide reviews, clinical haematologists
generally require crude distinctions between AML and ALL.
Although automated analyzers can detect the presence of
blasts, they are unable to determine the lineage of leukemia.
Moreover, determination of the lineage of leukemia via
immunophenotypic, molecular, or cytogenetic analyses is a
time-consuming process.If the automated differential results
vary according to the type of blasts, the CBC along with WBC
flags and histograms can provide us with valuable data to make
provisional decisions about the lineage of leukemia, whether
lymphoblastic or myeloid.
Conclusion:
On the basis of our study on acute leukemias we can
hence conclude that the most common flagging pattern
observed in both lymphoid and myeloid types is M2G1G2.The
study of histogram and its analysis along with the peripheral
smear can help us to diagnose the type of acute leukemia
whether lymphoid or myeloid.
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