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Introduction: The red blood cell (RBC) parameters generated by cell counters can aid in morphological
categorization of anemia, the significance of microscopic analysis of peripheral blood smears (PBSs)
cannot be overlooked when it comes to interpreting the underlying cause of anemia. Therefore, both RBC
parameters and microscopic examination of PBSs are essential for a comprehensive assessment of anemia.
Aims and Objective: This study aimed to evaluate and compare the results obtained through two different
methods: examination of peripheral blood smears (PBS) and automated cell counter generated parameters.
The objective was to identify any differences or similarities in the diagnostic outcomes produced by each
method.

Materials and Methods: Over the course of one year, from December 2020 to November 2021, a hospital-
based, prospective study was conducted. The study aimed to evaluate and compare the PBS findings and
RBC parameters and histograms generated by a cell counter in 1000 anemic patients.

Results: In a sample of 1000 cases, we compared the typing of anemia using an automated analyzer and
peripheral smear examination. Out of these cases, 690 showed consistent typing results between the two
methods, while 310 showed discordant typing. The automated analyzer diagnosed majority of cases 70.1%
as microcytic anemia and Normocytic, dimorphic, and macrocytic cases were found in 13.5%, 7.8%, and
4.3% of cases, respectively. Additionally, a normal histogram was observed in 17.6% of cases.
Conclusion: We have concluded that while the automated analyzer is useful in reducing the overall
workload through its graphical representation of anemia typing, it should always be confirmed through
microscopy. The automated analyzer is a helpful tool, it should not be relied upon solely for accurate
anemia typing. Microscopy remains an essential method for confirming the results of automated analysis.

Keywords:

Anemia

Peripheral blood smear
Automated cell counter
Red blood cell

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.

For reprints contact: reprint@ipinnovative.com

1. Introduction and other related conditions. Over the years, blood cell
analysis has advanced significantly from manual procedures

Anemia is one of the most common global health , auomated instruments, providing more accurate and

problem, particularly in India. It has been associated
with significant morbidity and mortality. Laboratory
investigations, including a complete blood count (CBC)
and differential leukocyte count, are crucial in diagnosing
anemia, platelet disorders, white cell disorder, leukemia,
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reliable results. !

Automated hematological analyzers have become an
integral tool in providing accurate and efficient blood
cell analysis. These machines not only provide essential
information on RBC indices, hematocrit, and RBC
distribution width (RDW), but also give a detailed RBC
histogram. Such comprehensive analysis plays a crucial role
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in diagnosing and managing red cell disorders. In fact, for
accurate morphological diagnosis of anemia, the histogram
provided by these analyzers is particularly important.
Therefore, it is evident that the RBC histogram is a critical
component in the laboratory evaluation of blood cells.

The peripheral blood smear has been a primary
diagnostic tool for identifying anemia and other
hematological disorders. The routine examination of blood
films has significantly contributed to the interpretation
of various hematological conditions. However, with
the advancement in technology, automated hematology
analyzers have now replaced the traditional manual methods
for analyzing various parameters. These instruments have
become the go-to tool for initial screening and detection of
hematological abnormalities in modern clinical diagnostic
laboratories. As a result, the use of automated hematology
analyzers has streamlined the process and enhanced the
accuracy of hematological analysis.

Over the past few years, automated hematology
analyzers have become increasingly popular due to their
accuracy and reliability, which has significantly reduced
subjective errors in diagnosing anemia. However, it is
important to note that the microscopic examination of the
peripheral blood smear (PBS) by a pathologist remains a
critical step in the primary calibration of cell counters.
This examination plays a pivotal role in ruling out other
hematological disorders that may go undetected through
automated analysis alone. Therefore, despite the remarkable
advancements in technology, the role of pathologists in
examining the PBS remains invaluable in ensuring accurate
and reliable diagnosis.?

2. Aims and Objective

1. To interpret the RBC Histogram in anemic patients.

2. Morphological typing of anemia on peripheral blood
smear examination.

3. To compare automated histogram patterns and CBC
parameters with morphological features seen on
peripheral smear examination with special reference to
RDW.

3. Materials and Methods

The present study was a prospective study conducted in
Department of Pathology, Government Medical College,
Kota over a period of one year from December 2020 to
November 2021.

The study was carried out after getting ethical clearance
from the institutional ethics committee.

The cases included were newly diagnosed -cases
undergoing treatment and follow up.

3.1. Study design

Comparative study.

3.2. Study period

One year duration, from December 2020 to November 2021.

3.3. Sample size

Sample size of present study is 1000.

3.4. Inclusion criteria

All patients, both male and female with anemia ie
haemoglobin levels below WHO reference values.

3.5. Exclusion criteria

Patients with normal Hemoglobin levels. (within the normal
range for that particular age.)

3.6. Tools and techniques

For this study, a blood sample of 3 ml will be collected
in EDTA and thoroughly mixed. The analysis will
be performed using automated hematology analyzers -
SYSMEX XS-800i and Sysmex XN 1000. A peripheral
smear will also be prepared using Giemsa stain as per
standard operating procedures. The smear will be evaluated
by a pathologist who will not have access to the histogram
during reporting. The typing of anemia will be considered
concordant if both methods indicate the same morphological
type, otherwise, the results will be considered discordant.

4. Results

Our study included that out of total 1000 cases; males were
473 cases (47.3%), while females were 527 (52.7%). The
male to female ratio was 0.95:1.(Table 1)

Table 1: Distribution of study population according to gender

Gender Frequency Percentage
Male 473 47.3%
Female 527 52.7%
Total 1000 100%

Our study included patients spanning a wide age range,
from 8 days to 75 years old. Among the study population,
the largest proportion of patients (33.1%) fell within the age
group of 31-45 years, followed closely by those aged 16-
30 years (31.2%). (Table 2). These findings suggest that
anemia is a condition that affects individuals of various
ages, and underscore the need for appropriate screening and
management strategies across the lifespan.

The prevalence and severity of anemia were assessed in
our study, with the majority of cases (51.0%) exhibiting
a moderate degree of anemia. Severe anemia was present
in 29.7% of cases, while mild anemia was observed in
19.3% of cases. For the purposes of our study, a hemoglobin
level above 9.0g/dl was considered indicative of mild
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Table 2: Distribution of study population according to age

Table 4: Distribution of cases asper histogram abnormality

Age groups Frequency Percentage
(years)

Upto 1l 7 0.7%
1.1-15 118 11.8%
16-30 312 31.2%
31-45 331 33.1%
46-60 211 21.1%
>61 21 2.1%
Total 1000 100%

anemia. These findings provide important insights into the
prevalence and severity of anemia in our study population,
which may have implications for public health interventions
aimed at addressing this condition.

In this study 701 cases (70.1%) were diagnosed as
microcytic anemia by automated analyzer which constituted
major portion of study population. In our study normocytic,
dimorphic and macrocytic cases were found 13.5%, 7.8%
and 4.3% respectively by automated analyzer. In our study
on peripheral smear examination maximum number of cases
(51.6%) belonged to microcytic anemia and normocytic
anemia (30.3%) and 8.1% cases belonged to dimorphic
anemia, 3.1% cases belonged to macrocytic anemia and
3.1% hemolytic anemia and 0.3% Red Cell Agglutinins
(cold) and 0.2% cases belonged to Thalassemia . (Table 3)

Table 3: Comparision of cases between automation and PBF

Types of Anemia Frequency(%)
Histogram & RBC PBF
indices
Normocytic 135(13.5%) 303(30.3%)
Microcytic 701(70.1%) 516(51.6)
Macrocytic 43(4.3%) 31(3.1%)
Dimorphic 78 (7.8%) 81 (8.1%)
Pancytopenia 39 (3.9%) 33 (3.3%)
Red Cell Agglutinins 2 (0.2%) 3(0.3%)
(cold)
Hemolytic 0 (0.0%) 31 (3.1%)
Thalassemia 2(0.2%) 2(0.2%)

The results of our study indicate that a normal histogram
(bell shape) was observed in only 17.6% of cases, while the
majority (81.8%) exhibited a broad base curve, including
cases with a left shift, right shift, bimodal, and multiple
peaks. Specifically, a left shift was observed in 73%
of cases, while a right shift was present in only 4.1%
of cases. Bimodal histograms were observed in 2.3%
of cases, and multiple peaks were seen in only 1% of
cases.(Table 4). These findings highlight the variability in
RBC size and shape observed in our study population and
may have important clinical implications for the diagnosis
and management of underlying conditions affecting RBC
morphology.

Histogram abnormality Frequency Percentage
Normal curve 176 17.6%
Left shift 730 73%
Right shift 41 4.1%
Broad base 818 81.8%
Bimodal 23 2.3%
Multiple peak 10 1%
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Fig. 1: RBC histogram with microcytosis showing shift to left with
low MCV value. Broad base indicates that variability in the size
of RBC and shows high RDW and Peripheral blood smear shows
microcytic hypochrmic Anaemia

Fig. 2: The RBC histogram shows macrocytosis with a shift to the
right and a higher mean corpuscular volume (MCV) value. The
broad base curve observed on the histogram indicates variability
in the size of RBCs (anisocytosis) along with pokilocytosis, as
evidenced by a high red cell distribution width (RDW) value. The
peripheral blood smear further confirms the presence of macrocytic
RBCs along with macroovalocytes

Fig. 3: A bimodal peak with a broad base curve observed
on the histogram indicates the presence of anisocytosis, which
implies variability in RBC size, and pokilocytosis, which indicates
variability in RBC shape. This is further confirmed by a high red
cell distribution width (RDW) value. The peripheral blood smear
also shows a dimorphic picture, providing further evidence of the
coexistence of two distinct populations of RBCs with varying sizes
and shapes
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On etiologically classifying anemia, the distribution of
cases in different groups was as follows. Out of 1000
cases, nutritional deficiency anemia was found in 725 cases
(72.5%). Among the 725 cases of nutritional deficiency
anemia, iron deficiency was present in 618 cases (85.2%),
megaloblastic anemia was found in 26 cases (3.5%), and
mixed deficiency anemia was found in 81 cases (11.1%).
Out of the 26 cases of megaloblastic anemia, vitamin B12
deficiency was present in 21 cases, and folic acid deficiency
was found in 5 cases.

Out of the total cases of macrocytic anemia on peripheral
blood smear examination, 31% were identified. Among
these, 26% of the cases had megaloblastic anemia, 2.1%
had hypothyroidism, and 2.9% had alcoholic liver disease.
Myelodysplastic syndrome (MDS) cases were not found in
our study.

Out of the 618 cases of iron deficiency anemia, 25% of
the cases had a serum iron level <30 ug/dL, while 62% of
the cases had a serum iron level between 30-60 pg/dL, and
13% of the cases had a serum iron level >60 ug/dL.

On peripheral blood smear examination, out of 1000
cases, 31 cases (3.1%) belonged to hemolytic anemia.
Among the 31 cases of hemolytic anemia, 3 cases belonged
to sickle cell anemia.

With the use of automated analyzer and peripheral smear
examination we found that out of 1000 cases, 690 cases
showed concordant typing of anemia and 310 cases showed
discordant typing, which needs to be typed correctly with
the help of peripheral smear examination.

Different types of anemia can be characterized by
changes in the red blood cell (RBC) indices, namely mean
corpuscular volume (MCV), mean corpuscular hemoglobin
(MCH), and mean corpuscular hemoglobin concentration
(MCHC). MCYV, MCH and MCHC in cases of normocytic
normochromic anemia were found within the normal limit
and in the normocytic hypochromic anemia cases showed
MCV within normal limit, MCH was less than normal
and MCHC was near normal. In microcytic normochromic
anemia, MCV falls below normal levels while MCH
and MCHC remain within the normal range. Microcytic
hypochromic anemia, on the other hand, is associated with
low levels of MCV, MCH, and a near-normal MCHC.
In macrocytic normochromic anemia, there is a marked
variation in the size and shape of RBCs, leading to
an increase in MCV, MCH, and MCHC. Conversely,
macrocytic hypochromic anemia is characterized by
increased MCV and decreased MCH and MCHC values
below the normal range. These distinct changes in RBC
indices aid in the diagnosis and differentiation of various
types of anemia.

In our study, we found significant correlation between
various hematological parameters in different types of
anemia. The mean corpuscular volume (MCV) and red
cell distribution width (RDW) showed a positive and

moderate correlation with each other, not only in the
overall sample but also in cases of iron deficiency anemia
and megaloblastic anemia. Conversely, we found a mild
positive correlation between MCV and RDW in mixed
deficiency and anemia of chronic disease. Interestingly,
we observed a positive and mild correlation between
mean corpuscular hemoglobin (MCH) and RDW across
the etiological groups of anemia. On the other hand,
hemoglobin (Hb), hematocrit (HCT), red blood cell (RBC)
count, and platelet count exhibited negative correlation with
RDW, which were statistically significant. We did not
find any significant correlation between RDW and white
blood cell (WBC) count or mean corpuscular hemoglobin
concentration (MCHC).

The sensitivity of the red blood cell (RBC) histogram
against peripheral blood film (PBF) was found to be
69% in our study. Further analysis of the morphological
typing of different types of anemia using histogram and
RBC indices revealed varying degrees of sensitivity and
specificity. Microcytic hypochromic anemia showed the
highest sensitivity of 92.7% but lower specificity of 63.3%.
In contrast, normocytic anemia showed high specificity of
96.2% but lower sensitivity of 48.7%. Macrocytic anemia
was identified with high specificity of 97.9% and sensitivity
of 94.1%. Dimorphic anemia also exhibited high specificity
of 94.5% but lower sensitivity of 52%. These results
highlight the utility of RBC histogram and indices in the
morphological typing of anemia, although their diagnostic
accuracy may vary depending on the type of anemia being
assessed.

5. Discussion

Anemia is a widespread health concern, and in India, the
prevalence of anemia is notably high. While peripheral
blood smear (PBS) examination and complete blood count
(CBC) reports can be used as preliminary diagnostic tools to
identify anemia, the use of automated hematology analyzers
and their generated RBC parameters play a crucial role
in typing the anemia. These parameters provide valuable
information to help clinicians differentiate between the
various types of anemia, which can be beneficial in making
more accurate diagnosis and guiding appropriate treatment
decisions.

Visual representations, such as the RBC histogram, have
a much more significant impact on clinicians than numbers
alone. The newer generation of hematology analyzers
generates a range of histograms that offer significant and
essential information about a patient’s blood profile, even
before a peripheral blood smear is examined.

The RBC histogram is generated by the automated
hematology analyzer, which uses sophisticated technology
to measure the size and number of red blood cells in the
blood sample.* The normal histogram curve generated by
the automated hematology analyzer is typically bell-shaped
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and symmetrical, indicating a Gaussian distribution. This
normal curve represents the range of mean corpuscular
volume (MCV) between 80-1001.57

Symmetry of the histogram curve can be determined by
analyzing whether both sides of the curve are mirror images
of each other. If the curve displays a similar frequency
distribution on both sides, it is considered symmetrical and
follows a Gaussian distribution. However, if one side of the
curve is more pronounced than the other, it is considered
skewed. ® Under some situations it is altered and shows RBC
flags.

The RBC histogram is a useful tool for evaluating the size
of a patient’s cells in comparison to a normal population. By
plotting the number of cells on the Y-axis and the cell size or
volume on the X-axis, we can observe any significant shifts
in the histogram curve. If the cell size decreases, the curve
will shift towards the left, while an increase in cell size will
shift the curve to the right. These directional shifts in the
histogram can provide valuable diagnostic insights. %10

In a cell counter’s RBC histogram, cells with volumes
ranging from 36 fl to 250 fl are counted as RBCs.
However, if the RBC histogram begins below 36 fl, it may
be indicative of the presence of small particles such as
microspherocytes, parasites, platelet clumps, normoblasts,
elliptocytes, bacteria, leukocyte fragments, and large
platelets etc.!! The area of the peak is used to calculate the
MCV and RDW, i.e 60 fl to 125 fl.!> The RBC distribution
curves can provide valuable insights into various types
of anemia. In cases of Iron deficiency anemia and beta
thalassemia trait, the curves are shifted towards the left. On
the other hand, a histogram with a broad base and a right-
shifted curve may indicate macrocytic anemia.

A bimodal distribution curve in the RBC histogram is
indicative of the presence of two distinct populations of red
blood cells. This can occur in cases where a patient has
received a blood transfusion or has a condition such as cold
agglutinin disease, hemolytic anemia with schistocytes, or
anemias with varying cell sizes. In such cases, interpreting
the RBC histogram along with numerical values of RBC
count, Hemoglobin, Hct, MCH, MCHC, and RDW can be
of significant diagnostic value.

In our study, we provide the pathologist with
comprehensive information to accurately diagnose and
classify anemia. This includes a detailed clinical history,
such as alcohol intake and blood transfusion records,
previous medical records, as well as a family history of
thalassemia. Additionally, we supply the pathologist with
relevant clinical data, such as serum iron levels, coagulation
profile, HPLC data, vitamin B12 and folic acid levels, liver
and kidney function test, as well as serum TSH and thyroid
hormone levels in suspected cases of anemia.

Out of the 1000 cases of anemia included in our study,
we observed a higher prevalence in females, with 52.7%
of the cases being female. This finding is consistent with

past research conducted by Singhal et al. '3 and Garg et al.,*

where they reported female predominance with 64.9% and
62.9% cases, respectively.

The age range in the study group of anemia was 8 days to
76 years with 331(33.1%) patient being in the age group 31-
45 years followed by 312 (31.2%) in age group 16-30 years.
Various previous studies showed similar findings, where the
maximum number of cases were in the 16-45 years age
group and the majority were women. These results were in
concordance with the studies conducted by Kumar et al, 14
Cook et al > and Japheth et al. '

This can be due to Adolescence and adult group is
an important period of nutritional vulnerability due to
increased dietary requirements for growth and development
and iron is in high demand as it is present in all body cells
and is fundamental for basic physiological processes such
as Hemoglobin formation thus, it is extremely important for
the adolescent’s iron requirements to be met. Women are
more affected by iron deficiency anaemia than men because
they lose iron during their menstrual periods and need more
when pregnant or breast feeding thus women in reproductive
age group are at high risk of developing iron deficiency
anemia.

MCV and MCH were decreased in microcytic
hypochromic anemia but MCHC was normal. RBC
with low MCV had shown shift to left.!”-'® High RDW and
broad base curve was due to anisocytosis. In hypochromic
microcytic anemia as there was micocytosis and RDW
was increased. On peripheral smear also, hypochromic
microcytic anemia showed anisopoikilocytosis.

In our study 701 cases (70.1%) were diagnosed as
microcytic anemia which constituted major portion of study
population by automated analyzer. In our study normocytic,
dimorphic and macrocytic cases were found13.5%, 7.8%
and 4.3% respectively by automated analyzer.

In our study on peripheral smear examination maximum
number of cases (51.6%) belonged to microcytic anemia
followed by normocytic anemia (30.3%) and 8.1% cases
belonged to dimorphic anemia, 3.1% cases belonged to
macrocytic anemia and 3.1% hemolytic anemia and 0.3%
Red Cell Agglutinins (cold) and 0.2% cases belonged to
Thalassemia.

On PBF examination in present study, majority of
patients (51.6%) were of microcytic anemia which was
comparable to other studies, Singla et al., Rao et al.,
Chavda et al.>>!° Second most common anemia noted
was Normocytic anemia which is also in concordance with
above mention studies.

Microcytic hypochromic anemia was the most common
type in our study and the most common cause of this was
iron deficiency anemia. Iron deficiency anemia is the most
common type of anemia in the world and there are various
reasons for this. Causes may be due to inadequate dietary
intake, increased demand mainly in pregnancy and lactation,
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poor absorption from gut, chronic blood loss, etc.*

Shifting of RBC histogram depends on the size of RBC;
when the RBC size is microcytic, histogram shifts toward
left while the presence of macrocytes causes shift of RBC
histogram toward the right. Microcytic hypochromic anemia
causes decrease in MCH and MCV which causes left shift
of RBC histogram. Few cases of microcytic hypochromic
anemia also showed broad-based RBC histogram. Broad-
base curve denotes the presence of more anisocytosis with
high RDW which can be confirmed by the microscopic
examination of peripheral smear. The discrepancy of results
in categorizing microcytic anemia in CBC and PBF
may be due to various reasons such as the presence of
giant platelets, formation of platelet clumps, and presence
of fragmented RBCs in hemolytic anemias which are
considered microcytic RBC by automated cell counter.?°

In present study of histogram of 1000 cases, 17.6%
showed normal curve, Left shift in 73.0% cases, Broad
based in 81.8%, Right shift in 4.1%, Bimodal peak in 2.3%
which were in accordance with other studies like Rao et
al., Chavda et al.'° The higher incidence of normal curve
in present study is due to inclusion of outpatient anemic
patients only which usually have mild anemia.

In our study normal histogram (bell shape) was found in
176 cases (17.6%). Broad base was common which involved
cases with normal histogram, left shift, right shift, bimodal
and multiple peaks. So this accounted majority of cases
(81.8%).

Similarly, left shift contributed 730 cases (73%) of which
involved cases were normal curve, broad base, bimodal and
multiple peaks. Right shift contributed 41cases (4.1%) of
which 16 cases with wide base and 8 cases with narrow base.

23 cases (2.3%) were bimodal in our study. Out of these
19 cases were left shift and wide base, 2 cases with no shift
and wide base and only 1 case with no shift and narrow
base. Only 10 cases (1%) with multiple peaks were involved
in our study. Out of these 5 cases with left shift and wide
base, 3 cases with variable peak and wide base and only 2
case with right shift and wide base. Sandhya et al. (2014),°
Chavda et al (2015)!'° and Byna Syam Sundara Rao et al.
(2017)3 in their studies also found similar distribution.

Out of 1000 cases, 690 (69%) cases showed concordant
typing of anemia with automated analyzer and using
peripheral smear examination. 310 (31%) cases showed
discordant typing, which need to be typed correctly with
peripheral smear examination.

Farah E et al, (2013)2! studied 350 cases and found
that PBF examination provided additional information in
21.7% of the cases. In a similar way Radadiya P et al,
(2015)?2studied 100 cases found that PBF examination
provided additional information in 28%. The present study
showed that 33% cases provided additional information by
PBF examination which was almost similar with Radadiya
Petal., (2015).22

The results of the present study were in contrast with
an earlier report by Pierre>3and Novis et al.?*who reported
that automated haematology analyzer are more accurate in
the detection of specimens with morphological abnormality
than the traditional eye count method.

6. Conclusion

Histograms are an essential tool for the initial
morphological analysis of blood samples, especially
when combined with the concept of the normal curve
and knowledge of CBC parameters like RDW and red
cell indices. By examining the shape of the histograms,
potential pathology can be identified, providing hints for
cases that require detailed peripheral smear examination.
Moreover, the histograms offer insight into RBC count,
MCYV, and RDW through their shape and shift in different
directions.

Hence, by reviewing the histograms, one can anticipate
what to expect when evaluating the peripheral blood
smear. Although automated analyzers can reduce the overall
workload with their advanced graphical representation, it is
crucial to confirm the results with microscopy. Based on
our study, we concluded that while histograms generated
by automated analyzers are useful, they should always be
validated by microscopy to ensure accuracy.
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