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Abstract

Automated hematology analyzers have been integral tools in modern clinical laboratories
because of their power to analyze blood samples quickly and accurately in a clinical
laboratory. Hematological testing is an important part of the diagnosis and monitoring of
several different diseases, such as anemia, infections, leukemia, and platelet disorders.
Traditional methods of blood cell counting were time-consuming and subject to human error
which lead to the development of automated systems that improve efficiency and accuracy
of the diagnosis. Automated hematology analyzers work with high-tech technologies of
electrical impedance, flow cytometry, light scattering and fluorescence based detection.
These technologies enable accurate measurement of various blood parameters such as red
cell indices, white blood cell differential data, platelet parameters, reticulocyte count, etc.
The introduction of automated systems into clinical laboratories has led to a substantial
improvement in processing time, reproducibility of results and manual work load per
sample.

Recent technological advancements have further improved the functionality of hematology
analyzers with features such as five part differential analysis, digital imaging systems,
integration of artificial intelligence, and high-throughput sample processing. In addition, the
development of portable and point-of-care hematology devices has helped to increase access
to diagnostic testing in various healthcare settings. Despite their many benefits, automated
hematology analyzers also have their limitations, such as possible analytical interferences,
high cost of equipment, and maintenance requirement for trained personnel. However,
proper quality control measures and calibration procedures can be implemented to ensure
the reliability and accuracy of laboratory results.

Overall, development in the field of automated hematology analyzer technology continues
to enhance clinical diagnostics by offering total analysis of blood and aiding decision-
making in time-sensitive medical scenarios. We can therefore expect to see even more
developments in the future that will help to improve the diagnostic capabilities and lead to
improved patient care in hematology and laboratory medicine.
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Introduction

Hematology is a significant area of lab
medicine and is associated with the
research of blood, blood-forming organs
and blood associated disorders (Greer,
2009). Blood plays a vital role in
maintaining body functions such as
oxygen transportation, immune system
defense and nutrient transportation.
Because of the large number of diseases
that affect blood cells and their
components, hematological investigations
are commonly used in clinical diagnostic

and patient monitoring.

In the traditional method of blood cell
analysis, the blood cells were analyzed
manually through the use of microscopes
and counting chambers such as the
hemocytometer (Lotspeich-Steininger et
al., 1992). Although these methods aided
in providing valuable information, they
time and highly

were consuming

dependent on skill of laboratory
personnel. With the establishment of
clinical laboratories, and the growing
number of patient samples, the need for
more reliable

rapid and diagnostic

techniques became important.
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Automated hematology machines have
revolutionized modern clinical laboratory
by delivering fast, accurate and
standardized analysis of blood (Brugnara,
2015). These instruments are able to
process large numbers of samples in a
limited period of time and produce a
detailed information regarding various
blood parameters like red blood cells,
white blood cells, hemoglobin,
hematocrit, and platelets. Advances in
technologies such as  electrical
impedance, flow cytometry and optical
light scattering have enhanced the
accuracy and efficiency of hematological

testing to a great extent.

In the past several years, automated
hematology analyzers have also gained
features such as multi-parameter analysis,
digital imaging and data integration with
laboratory information systems. These
developments have positively advanced
their role in early detection of disease,
monitoring of treatment response, and

clinical decision-making in general.
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Approach to Hematology in the
Clinical Diagnosis

Hematology is important in the diagnosis
and management of many different types
of diseases (Crowther et al., 2009). The
study of blood gives us important
information about the physiological and
pathological condition of the body.
Common hematological tests include
complete blood count (CBC), differential
leukocyte count, erythrocyte
sedimentation rate (ESR) and platelet

count.

The complete blood count is one of the
most often performed tests in the
laboratory and is used to analyze several
components of the blood at the same time.
It is helpful in diagnosis of conditions
such as Anemia, infections, inflammatory
conditions, Leukemia and so on, and
abnormalities in blood cells (McPherson
& Pincus, 2021). Anemia or polycythemia
can be suggested by changes in the red
blood cells and

infections, immune

disorders, or malignancies can be
suggested by abnormal white blood cell

counts.

Hematological analysis is also important
in the follow up of the disease and the
evaluation of the effectiveness of therapy
including chemotherapy, blood
transfusion therapy, and bone marrow
transplantation (Orkin et al., 2008). As a
laboratories  are

result, hematology

constitute an integral component of
contemporary healthcare systems and
make an invaluable contribution to the

correct clinical diagnosis.

Importance of Automated
Hematology Analysers

Automated hematology analyzers have

classified as vital tools in clinical
laboratory because of their capacity to
impart correct and swift technique hints
analysis for blood (Groner & Simson,
1995). These instruments are made to
measure multiple hematological
parameters simultaneously, which takes a
lot of time to perform as compared to

traditional manual methods.

One of the major benefits for automated
analyzers is their high precision and
Automated

reproducibility. systems

reduce human error which can occur with
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manual counting and/or microscopic
examination. They also enable labs to
process a large number of samples in an
efficient way, which is especially critical
in a hospital or diagnostic center with a lot

of patients to test.

In addition to the routine blood counts, the
more advanced hematology analyzers can
provide more complex measurements
including a 5-part white blood cell
differential counting, reticulocyte
analysis, and detection of odd looking
cells (Groner & Simson, 1995b). Many
instruments also have flagging systems
that can warn laboratory personnel of
possible abnormalities that need to be

reviewed microscopically.

Overall, automated hematology analyzers
have advanced the quality, speed, and
reliability of hematological testing, which
improves the ability of clinicians to make

a timely and accurate diagnostic decision.

Objectives of the Review

The main objective of this review is to
review the recent advancements in the

field of automated hematology analyzers

and their impact on clinical diagnosis
(Saba et al., 2022). The purpose of the
review is to give an overall understanding
of the technologies applied to the modern
hematology analyzers and how these
technologies contribute to better diagnosis

accuracy.

Another objective is to discuss the clinical
use of automated haematology analysers
in the detection and monitoring of various
such as

blood disorders anaemia,

infections and haematological
malignancies (Hay et al.,, 2022). The
review also aims at presenting the benefits
and the limitations of these instruments in

routine practice in the laboratory.

Furthermore, to further encourage
automation in Hematology, this review
aims to discuss future rationale behind
hematology  automation and new
technology such as the integration of
artificial intelligence, advanced imaging
applications, and advanced data
management systems (Ross & Brecher,
2022). By examining current research and
technological trends, the aims of the
review is to offer insights on the continued

evolution and improvement of clinical
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diagnostic  practices by automated

hematology analyzers.

History and Evolution of
Hematology Analyzers

The analysis of blood has been an
important part of medical analysis since a
long  time. Early  hematological
investigations were based principally on
manual tests which were inefficient in
time, effort and skills (Emanuel, 2023).
As the need for quicker and more accurate
results in the laboratory rose,
technological innovations resulted in the
development of automated hematology
analysers. These instruments have made
blood testing in clinical laboratories much

more efficient, accurate, and uniform.

Over the years, hematology analyzers
have become an increasingly complex
array of diagnostic tools that are able to
perform the measurement of multiple
blood
(Risoluti et al., 2021). Modern analyzers

parameters simultaneously
make use of sophisticated technology
such as electrical impedance, analysis via
flow cytometry, use of laser-based optical

systems, and fluorescence detection for
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analyzing blood cells with high precision.
This evolution has played an important
role to improve diagnosis of diseases and

monitoring of patients.

Methods of Blood Cell Counting
Manual Methods

Before the automated instruments became
available, the counting of cells in blood
was done manually, by lab instruments
such as microscopes and hemocytometers
(Kottke-Marchant & Davis, 2012). The
hemocytometer, or the Neubauer counting
chamber, was the well used measurement
of red blood cells (RBCs), white blood
cells (WBCs) and platelets.

In case of manual counting, a diluted
blood is placed in the counting chamber
and is observed under a microscope
(Rodak et al., 2013). The laboratory
technician counts the cells in certain grid
areas and multiplies the number by
standard formulas to obtain the total cell
method
it had

concentration. Although this
yielded valuable information
several limitations. The process was time
consuming, labor intensive, and prone to

human error. Variations in counting
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method and operator ability may also
influence the precision and

reproducibility of results.

Despite these limitations, manual blood
cells counting played a basic role in the
early development of hematology and
modern

formed the foundation for

automated techniques in this field.

Development of Automated
Hematology Analysers

The study of automated hematology
analyzer began in the mid of 20th century
with the introduction of the Coulter
principle by Wallace H. Coulter in the
1950s. This principle is based on electrical
impedance, and is able to count cells
suspended in an electrolyte solution as
they pass through a small aperture
(Weiss &

between two electrodes

Wardrop, 2011). Each cells passing
through the aperture causes a measurable
changing in electrical resistance, which is

then able to count the number of cells.

The first commercial automated cell
counter is called the Coulter Counter
which revolutionized the hematology

laboratory by offering rapid and reliable
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cell counts (Awate, 2023). Compared to

manual processes, with automated

systems, time of analysis decreased

significantly and accuracy increased.

Over the course of the following decades,

other technologies were added in
hematology analyzers such as optical light
scattering, and flow cytometry (Baskurt et
al., 2009). These advancements permitted
instruments to give differential white
blood cell counts and to quantify a variety
of cellular features just like cell size,
complexity and internal structure. As a
became

detailed

result, automated analysers

capable of giving more

haematological information.

Technological Advancement
Over the Years

Technological =~ advancements  have

continually improved the performance

and capabilities of  haematology

analyzers.  (Travers, 1997) Early

automated analyzers were primarily

intended to count simple blood
parameters such as RBCs, WBCs,
hemoglobin and platelets. However,

modern analyzers have the capacity to
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determine a wide variety of hematological

indices and even provide detailed
information of the morphology and

function of blood cells.

One of the major changes has been in the
introduction of three-part and five-part
differential analyzers (Stiene-Martin et
al., 1998). Three part analyzers divide
white blood cells into three categories and
five part analyzers give more detail on the
differentiation of neutrophils,
lymphocytes, monocytes, eosinophils and
basophils. This improved classification
results in better detection of infection,
inflammatory conditions and

haematological disorders.

Recent developments also include
incorporation of digital imaging along
with fluorescence flow cytometry and
automated flagging systems that aid in
detection of abnormal or immature cells
(Mehta, 2016). Many of the modern
analyzers are also connected to laboratory
information systems (LIS), which enable

efficient data management and reporting.

Overall, the steady technological

advancement in hematology analyzers has

led to an enormous increase in the speed,
accuracy, and diagnostic value of blood

testing in clinical laboratories.

Principles of Automated
Hematology Analyzers

Automated hematology analyzers work
on a number of scientific principles to
achieve doses of blood cells that result in
good measurement and differentiation
(Klymets et al., 2021). These principles
are helpful in the counting, sizing, and
analysis of different components in the
blood such as red blood cells, white blood
cells, and platelets. Modern analyzers are
often a combination of several
technologies, to enhance the accuracy and

supply of more detailed hematological

information.

The most widely applied principles found
in an automated hematology analyzer are
electrical impedance, flow cytometry,
optical light scatter, and fluorescence-
based detection of. Each of these
techniques is important in the exact
identification and measurement of blood

cells in the clinical laboratory analysis.

Vol. 1, Issue 1 (January—March 2026), pp. 51-82

This is an open-access article.




L,

RE-I] MS Research Edge

International Journal of Multidisoplinary Studles
Vol. 1, Issue 1 (January—March 2026), pp. 1-14

Email: revio1803@gmail.com Contact: 8889932922 Editorial Office: RE-IJMS Tejaji Nagar Indore 452020 Madhya

Pradesh India

pe.58 Research Edge International Journal of Multidisciplinary Studies (RE-IJMS)

Electrical Impedance Principle
(Coulter Principle)

The electrical impedance principle or
Coulter principle, one of the most widely
used principles in the automation of
hematology analyzers, is the method of
counting and sizing blood cells (Williams,
1995). This principle was developed by
Wallace H. Coulter in the 1950s and
became the basis of many modern day

hematology analyzers.

In this technique, play blood cells are
suspended in an electrolyte solution and
passed through a small aperture which lie
between two various electrodes. When a
cell flows through the aperture it displaces
the electrolyte and induces a temporary
resistance  or

electrical

Each

change in

impedance. time a resistance
changes it is because a single cell has

passed through the aperture.

The number of electricity pulses produced
indicates the number of cells counted
while the height of each pulse gives its
size or volume. Bringing to use this
concept, automated analyser is able to

measure red blood cells, white blood cells

and platelets accurately. The reason why
the Coulter principle is known for its
simplicity and reliability is because it is
highly accurate in measuring the number

of cells.

Flow Cytometry Technology

Flow cytometry is an advanced
technology involved in the contemporary
hematology analyzers in order to analyze
the physical and chemical characteristics
of the cells. In this technique blood cells
are suspended in a fluid stream and passed
through a narrow channel where they

intersect with a concentrated laser beam.

As the cells pass through the light of a
laser they disperse the light in various
directions depending on their size, shape
and the complexity inside. Detectors
receive the light that is scattered and they
turn it into some kind of electrical signals

which can be analysed by the instrument.

Flow cytometry makes it possible to take
a closer look at white blood cells as well
as differentiating them into different sub-
types such as neutrophils, lymphocytes,

monocytes, eosinophils, and basophils. It
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also gives information about cell structure
and granularity making it an important
tool for the detection of abnormal cells
and the

diagnosis of hematological

disorders.

The technology of optical light
scatter

Another important principle employed in
automated hematology analyzers is the
optical light scatter technology. This
technique is based on the scattering of
laser light when the blood cells pass
through a laser light beam.

When a cell flows through the laser it
emits two types of light scatter signals.
Forward scatter is a function of the size of
the cell and the side scatter gives the
information about the internal complexity
or granularity of the cell. Room wvs.
Machine When one analyzes these signal
the analyzer can identify various types of
blood cells.

This technology helps in improving white
blood cell differentiation accuracy and
helps to detect abnormal cell population.
Optical light scatter technique is often

applied in modern hematology analyzers
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in order to better classify cells and
improve the diagnostic reliability of an

analysis result.

Fluorescence We do
Fluorescence based detection

Fluorescence-based detection is a
relatively newer development which is
used in advanced hematology analyzers.
In this technique certain fluorescent dyes
are added to the blood sample which
combines with the cellular components

such as nucleic acids or proteins.

When the stained cells pass through a
laser beam, the fluorescent dyes emit light
of certain wavelengths. The fluorescence
which is emitted is detected and measured
by the analyzer. This information is used
to help identify various populations of
immature cells or

cells and detect

abnormal cells.

Fluorescence-based detection is
especially useful in reticulocyte counting,
identification of immature white blood
cells and detection of abnormal cell
populations. It optimizes the sensitivity
and specificity of the automated

hematology analyzers making them more
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efficient in the clinical diagnosis and

monitoring of diseases.

Components and Working
Mechanism

Automated hematology analyzers are

composed of  several integrated
components, which perform an accurate
blood cell analysis (Rinehart et al., 2016).
These instruments are used to process the
blood samples to measure different
parameters of hematological
measurement and generate reliable results
in a short period of time. The working
mechanism of these analyzers include:
interaction  of

sample preparation,

reagents, detection of cells, signal

processing, and result reporting.

Each component has a specific task, in
ensuring the accurate measurement of
blood cells and keeping the analyzer in
general in a working state. The major
constituents are the sample processing
system, reagent system, detection and
measurement system and data processing

and reporting unit.

Sample Processing System

The sample processing system is the
person responsible for receiving and
setting the blood sample to be analysed. In
most automated Hematology analyzer,
blood samples are drawn in the tubes of
certain anticoagulants such as EDTA to

prevent blood clotting.

The analyzer sucks a small amount of the
blood sample through a probe and sends
them into the internal chambers of the
instrument. The sample is then diluted
with certain reagents to provide having
the appropriate conditions to count and
analyze the cells. Proper mixing and
dilution is necessary to ensure the cells are
distributed throughout which is necessary

for accurate measurement.

Modern analyzers are often accompanied
by automated sample loaders, and even
bar code systems that enable laboratories
to frequently process multiple samples in
a timely manner (Agayev, 2023). This
automates the process, which helps to
reduce manual handling and improve the

laboratory process.
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Reagent System

The reagent system is an integral part of
the preparation of the blood sample for
precise detection of the cells (Williams,
1990). Various reagents are utilized in
Automated Hematology Analyzers, which
are used to dilute the blood sample, lyse
the red blood cell if required, and stain the

specific components of the cell.

Common reagents include: diluent, lysis
and cleaning solution. Diluents are used to
ensure the correct concentration of cells
for cell count and lysing agents are used
to break down the red blood cell to
analyze the white blood cell and measure
the hemoglobin (Liew, 2010). Some more
advanced analyzers also have fluorescent
dyes or special stains which can be used

to improve the detection of specific cell

types.

The reagent system is carefully controlled
in the analyzer so that the proper volume
of reagents is added in each analysis. In
maintaining accuracy and consistency in
hematological

testing, proper

management of reagents is important.
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Detection and Measuring
Systems

The detection and the measurement
system is the core part of an automated
hematology analyzer. This system detects,
counts and measures different cells in the
bloodstream using technology such as
electrical  impedance,

optical  light

scattering, or flow cytometry detection.

As the prepared blood sample moves
through the detection chamber, individual
cells are analyzed according to the size,
structure and optical properties. The
sensors and detectors are used to translate
the signals that are generated by these
cells into electrical impulses. These
signals relate to various parameters of the
blood cells like cell count, cell size and

cell distribution.

The analyzer then processes these signals
to calculate various hematological indices
in the form of the red blood cell count,
white blood cell count, platelet count and
the concentration of hemoglobin and

other derived parameters.
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Processing and Reporting of
Data

After the detection and measurement
process, the collected data is subjected to
the processing of an internal computer
system in the analyzer. Advanced
algorithms carry out the interpretation of
the obtained signals from the detection
them into

system and transform

meaningful hematological parameters.

The results are generated on the analyzer
screen and can also be printed out or
electronically transferred to the laboratory
information system (LIS). Many of the
modern analyzers have automated
flagging systems which alert laboratory
staff if abnormal results or unusual cell

populations are found.

Data processing and reporting systems are

useful for ensuring the proper
documentation and rapid communication
of laboratory results to the clinician. This
allows the condition to be diagnosed and

managed in a timely manner.

6. Parameters Measured by

Automated Hematology
Analyzers
Automated hematology analyzers

measure a robust variety of blood

parameters  that  create  valuable
information about the state of blood cells
and the well being of an individual as a
whole (Groner & Simson, 1995¢). These
parameters are largely obtained from the
Complete Blood Count (CBC) which is
one of most commonly performed

laboratory tests in clinical practice.

The analyzers assess various features of
blood cells including their numbers, size,
and volume, and hemoglobin level (Greer,
2009b). These measurements are helpful
to the clinicians to diagnose various
conditions such as anemia, infections,
inflammatory  diseases, and blood
disorders (hematological malignancies).
The major parameters measured by
automated hematology analyzers are red
blood cell parameters, white blood cell
parameters,

platelet parameters, and

reticulocyte or advanced parameters.
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Red Blood Cell Parameters
(RBC, MCV, MCH, MCHC)

Red Dblood cell parameters give

information of number, size and
hemoglobin content of erythrocytes in
blood (McKenzie, 2004). These
parameters are necessary for diagnosing
and classifying various types of anemia as

well as other types of blood disorders.

The red blood cell count (RBC) gives the
term of the full number of red cells that
are present in a volume of blood. The
results of abnormal RBC counts may
mean a person has problems such as
anaemia or polycythemia or bone marrow

disorders.

Mean corpuscular volume (MCV) is a test
which measure the average size of the red
blood cell. This parameter is useful to
identify microcytic, normocytic or
macrocytic anemia. For example, a low
MCYV can be a symptom of iron deficiency
anemia, whereas a high MCV can be a
symptom of vitamin BI12 or folate

deficiency.

Mean corpuscular hemoglobin (MCH) is

the average weight of hemoglobin found
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in a single red blood cell. It helps to
determine red blood cell whether it
contains a normal or reduced level of

hemoglobin.

Mean corpuscular hemoglobin
concentration or MCHC 1is the average
concentration of hemoglobin in the red
blood cells. It is useful in identifying
conditions such as hypochromic anemia,
which is a condition in which the levels of

hemoglobin are reduced.

Strategic White Blood Cell
Parameters and Differential
Count

White blood cells play an important part
in the body's immunity or natural defense
against  infections and  diseases.
Automated hematology analyzers, used to
measure the total white blood cell count
and also give a differential count of

different types of leukocytes.

The total blood white blood cell (WBC)
gives an indication of the number of WBC
existing in blood. Elevated WBC counts
could be seen in the case of infections,
stress

inflammation, leukemia, and

conditions whereas decreased counts
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could be linked with bone marrow

disorders or some viral infections.

Modern hematology analyzers also
perform differential leukocyte counts,
which are counts classifying white blood
cells into different types or types of WBCs
including  neutrophils, lymphocytes,
monocytes, eosinophils, and basophils.
This differential count not only gives
important diagnostic information but also
helps those in the medical field to

determine what caused the illness.

Platelet Parameters

Platelets are a mass of small blood cells
and play an essential function in blood
clotting and preservation of the vessel.
Automated hematology analyzers have
platelet-related parameters that aid in the
evaluation of bleeding disorders and

platelet function.

The number of platelets (PLT) expresses
the total amount of platelets in the blood.
count is  called

Low  platelet

thrombocytopenia that may cause

excessive bleeding, and high platelet
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count is called thrombocytosis that may

increase risk for clot formation.

Other platelet indices from the analyzers
are mean platelet volume (MPV) which is
the average size of platelets and platelet
distribution width (PDW) which indicates
the variation in size of platelets. These
parameters give added information on the
platelet production and activity in the

bone marrow.

Parameters, Reticulocyte and
Advanced

Reticulocytes are red blood cells that are
immature cells, released from the bone
marrow into the bloodstream. Measuring
reticulocyte count helps to assess the
activity of bone marrow and how the body

reacts to anemia or blood loss problem.

Automated blood cell analysis machines
(hematology analyzers) with a modemn
technology can analyze reticulocytes by
used of fluorescence procedures. This
enables a human red blood cell with
immature morphology to be clearly
identified and helps to monitor treatment

response in cases such as anemia.
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In addition to reticulocyte analysis,
modern analyzers are able to provide
several advanced features, among them
immature granulocyte count, nucleated
red blood cell detection, and red cell
distribution width (RDW).  These

parameters increase the diagnostic
capabilities of the hematology analysers
and help the clinicians detect abnormal or

immature blood cells.

Overall, the broad array of parameters that
automated hematology analyzers can
measure gives us a wealth of information
about blood composition, and is an
essential part of clinical diagnosis as well

as patient management.

Recent Advancements in
Hematology Analyzer
Technology

Rapid advances in laboratory technology
have made great inroads to enhance
performance and capability for automated
hematology analyzers. Modern analyzers
are made to offer more detailed analysis
for the cell, faster analysis of the samples
taken and increased diagnostic accuracy.
These

advancements are  helping

clinicians to find diseases earlier and treat

patients more effectively.

New  technologies like advanced
differential cell counting, digital imaging,
integration of artificial intelligence
systems and point-of-care testing systems
have given a new role to hematology
analyzers in clinical laboratories. These
improvements in the workflow of the

laboratory have seen increased efficiency

in the laboratory workflow process
without compromising accuracy and
reliability.

5 Part and 6 Part Differential
Technology

One of the major changes in hematology
analyzer technology is the development of
five-part and six-part system differentials
for analysis of white blood cells. Prior
analysers were then restricted to three-
part differentials which differentiated
white blood cells into three groups:
lymphocytes, monocytes and

granulocytes.

Modern five-part differential analyzers
show more specific classification by

dividing the white blood cells into parts,
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including  neutrophils, lymphocytes,
monocytes, eosinophils, and basophils.
This differentiated detail helps in the
identification of different infections,
inflammatory attacks, allergic attacks and

blood disorders.

Some advanced hematology analyzers
now have six-part differential technology,
which can also be used to detect immature
granulocytes or other abnormal cell
populations. This capability enhances the
early diagnosis of infections, bone
marrow abnormalities and malignancies

of the blood-forming organs.

Ballet Digitally: the union of
Digital Imaging and Artificial
Intelligence

The following technologies are becoming
more and more common in recent
hematology analyzers: Digital Imaging
systems, and artificial intelligence (Al)
technologies. Digital imaging provides
the ability to microscopically examine
blood smears and take high resolution
images of blood cells so that they can be

analyzed by the analyzer.

Artificial intelligence algorithms have
access to these images and can detect
abnormal cells, morphological changes
and aid in differential leukocyte count.
Al-based systems can also identify
suspicious cells like blast cells (which
would otherwise be indicative of
leukemia or other such serious blood

disorders).

The combination of digital imaging and
Al helps to decrease the workload of
laboratory personnel, as well as improve
the accuracy of cell classification. It also

helps in making decisions faster as more

reliable  diagnostic  information is
provided.

High Throughput and
Automation

Another important advancement in

hematology analyzers is the enhancement
in the sample processing speed and
automation. Modern analysers are now
able to process hundreds of samples per
hour, so they are suited to the large

hospitals and high-grade diagnostic labs.

Automated sample loaders, bar code

scanning systems and integrated lab
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information systems permit the seamless
identification, processing and reporting of
sample results. Such features have the
advantage of minimizing manual
intervention and reducing the possibility

of sample handling errors.

High-throughput systems also help labs
work more efficiently by decreasing
turnaround time and allowing quick
results of tests to be provided to doctors.
This is especially important in emergency
situations in which the need for quick

diagnostic information is present.

Point of Care Hematology Analyzers

Point-of-care hematology analyzers are
small and portable devices and are
intended to be used outside the normal
laboratory setting. These type of analyzers
can enable quick testing of blood at the
patient's bedside, in an outpatient care

facility or in a remote health care facility.

Point-of-care analyzers need a small
sample amount and deliver results within
a few minutes of time. They are of
particular use in emergency departments,
intensive care units, and healthcare

settings in rural areas where information

can be required immediately for

emergency diagnosis.

The advancement of hematology
analyzers for point-of-care has led to a
broader access of lab, enhanced patient
care, this is because it boosts the speed of
diagnosis and treatment. These portable
systems are an important step towards

more accessible and efficient healthcare

services.

8. Clinical Applications in
Disease Diagnosis

Automated hematology analyzers play an

important role in modern clinical

laboratories by delivering fast and

accurate  analysis of the blood
components. The results generated by
these analyzers aid clinicians in the
diagnosis of a large number of diseases,
tracking the progress of the disease, and
evaluating the efficacy of treatments.
Because blood is an index of numerous
physiological and pathological conditions
in the body, hematological parameters are
different

important  indicators  of

disorders.
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Automated analyzers provide information
in detail about red blood cells, white blood
cells, and platelets which help in
identifying the abnormalities of the blood
immune

formation, response, and

coagulation processes. With all the
parameters they can then analyze at once,
these are very useful tools in the diagnosis

and management of diseases.

Diagnosis of Anemia

Anemia is one of the most common
hematological  disorders and  is
characterized by reduction in the number
of the red blood cells or hemoglobin
concentration in the blood. Automated
hematology analyzers are helpful for
diagnosis of anemia by measurement of
important red blood cell parameters such
as hemoglobin (Hb), hematocrit (HCT),
red blood cell count (RBC), mean
corpuscular  volume (MCV), mean
corpuscular hemoglobin (MCH) and
mean

corpuscular hemoglobin

concentration (MCHC).

These parameters have supported the
categorization of anemia into different

types such as microcytic, normocytic, and
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macrocytic anemia. For example, a low
MCYV is likely to indicate iron deficiency
anemia and a higher MCV may indicate
vitamin B12 or folate deficiency.
Automated analyzers are also helpful in
monitoring treatment response in patients
taking iron supplements, or vitamin or

blood transfusions.

Fiction Story: Detection of
Leukaemia and Blood Disorders

Automated hematology analyzers are

playing an important part in early
detection of leukemia and other blood
disorders. Abnormal white blood cell
count or abnormal shape of cells can be a
certain

sign of hematological

malignancies.

Modern analyzers have the ability to
identify abnormal cell populations and to
flag issues with warning flags if immature
cells are present such as blast cells. These
flags are to warn laboratory professionals
to do further examination of presents

(microscopy) of blood smears against.

In addition to leukemia, hematology
analyzers help in identifying other types
of blood disorders like polycythemia,
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leukopenia and many other abnormalities
of the bone marrow. Early detection of
these conditions enables timely diagnosis

and intervention on part of the doctor.

Infection and Inflammatory
Condition Monitoring

White blood cells are crucial immune
system components and they play an
important role in combating infections
and inflammatory diseases. Automated
hematology analyzers will give total
counts of white blood cells and
differential counts to determine the type

of infection.

For example, when you have bacteria you
will likely have an increase in neutrophils,
whereas when you have a virus you may
have a high lymphocytes. Allergic
reactions or parasitic infections may be
levels  of

indicated by elevated

eosinophils.

Monitoring changes in white blood cell

parameters helps in evaluating the
seriousness of infections and determining
the effectiveness of treatments such as
antibiotic treatments or anti-inflammatory

therapy.

Disorders of Platelets and
Coagulation Studies

Platelets play a vital role in the blood-
sensitive process of blood clotting and are
an important component in preventing
Automated

excessive bleeding.

hematology analyzers provide
information regarding platelet quantity
and other related parameters including
mean platelet size (MPV) and distribution
of platelet sizes (PDW), which can be
used to evaluate platelet function and

production.

Abnormal values of platelets can mean
disorders such as thrombocytopenia that
may increase the risk of bleeding, or
thrombocytosis  that  threatens the
formation of excessive blood clots. These
conditions can occur in a variety of
diseases such as disorders of the bone
marrow, infections and inflammatory

conditions.

Although specialized coagulation tests are
needed for detailed clotting studies,

platelet  parameters derived from

hematology analyzers are useful to

provide important preliminary
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information about the possibility of

coagulation abnormalities. This
information helps clinicians to diagnose
and treat disorders of bleeding and

clotting.

Advantages of Automated
Hematology Analyzers

Automated hematology analyzers have
become a vital tool in the clinical
laboratory today, due to the reliability,
rapidity, and standardization of blood
analysis. Compared to traditional manual
methods, the use of these analyzers have
several advantages which improves the

efficiency and quality of laboratory

diagnostics at large.

The use of automated systems enables
laboratories to be able to tackle a large
number of samples with little manual
These

intervention. instruments also

produce consistent and reproducible
results, which are crucial to accurate
diagnosis and monitoring of patient. Some
of the major advantages of automated
hematology analyzers are high accuracy

and preciseness, quick processing of

samples, and significant reduction in

human error.

Accuracy and Precision

One of the most crucial benefits of
automated hematology analysers is their
high accuracy and precision. These types
of instruments utilize such advanced
technologies as electrical impedance,
optical detection, and flow cytometry to
make highly accurate measurements of

blood cells.

Automated analyzers are programmed to
make standardized measurements in a
controlled environment; thus, resulting in
variability in measurements. Unlike
manual counting systems that are highly
dependent on the skill and experience of
the laboratory personnel, automatic

systems have the benefit of being
consistent and reproducible sources of

data.

Accurate  measurement of  blood
parameters such as red blood cells count,
white blood cells count, hemoglobin
concentration and platelets count is

essential for the correct diagnosis of many
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diseases. The precision provided by
automated analyzers can help clinicians
make reliable clinical decisions, and help
manage patient care in a more positive

way.

Fast Processing and High
Throughput

Automated hematology analyzers are able
to handle a large amount of samples at
once in a short period of time. This ability
to quickly process samples is especially
useful in hospitals and diagnostic
laboratories where a large amount of
patient samples have to be processed

every day.

With modern analyzers, there are dozens
to hundreds of samples per hour and this
can cut down massively on testing time in
the laboratory. Automated handling of
samples, barcode identification, and
integrated data management also help

further increase laboratory efficiency.

The speed of automated hematology
analyzers is very fast that provides more
time for receiving the test results and that
is really

important in emergency

conditions and in the critical aspects of

patient care. Quick availability of
laboratory results to make timely
treatment decisions is possible by
clinicians.

Reduced Human Error

Another huge benefit of automated
hematology analysers is the minimisation
of human error in laboratory testing. The
test for counting blood cell manually
involves the meticulous preparation,
dilution and microscopic examination
which raises the danger of the occurrence
of errors resulting from fatigue,

miscounting or inconsistent techniques.

Automated systems reduce these mistakes
by the use of standardized procedures
with  programmed instruction and
automated controls. The use of built-in
quality control systems and automated
calibration also ensure the reliability of

results.

Additionally, automated flagging systems
allowing laboratory staff to be alerted
when an abnormal result or unusual cell
population is found can be included in

many modern analyzers. This feature
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helps to ensure that potentially significant
abnormalities are reviewed in a thoughtful
way, which helps to increase the overall

quality of laboratory diagnostics.

Limitations and Challenges

Although automated hematology
analyzers have had a major impact on the
efficiency and accuracy of blood testing,
there are some limitations and challenges
associated with these machines. These
instruments rely on  complicated
technologies and automatic processes,
which, in certain conditions, can lead to
incorrect results. Thus, laboratory
professionals must take the results of
analyzers very seriously and validate
with a series of

abnormal results

additional tests if needed.

Understanding the Limitations of
Hematology Analyzers: Its importance to
ensure the proper use of the hematology
analyzers and ensure proper diagnosis and
lab reporting. Some of the major
challenges associated with these analyzers
are interference causing false results,

requiring trained personnel, and cost of

equipment and maintenance.

Interference and Falsity Of
Result

One of the limitations of automated

hematology  analyzers could be
interference that can result in inaccurate
or false results. There are certain
conditions within the blood sample that
could influence the measurement process

and change the results.

For instance, the presence of abnormal
cells, platelet clumping or red blood cell
fragments can interfere with cell counting
and give misleading values. Lipemia
hemolysis and high amount of proteins in
the blood may affect hemoglobin and

other parameters also.

In such cases, the analyzer may produce a
series of warning flags which tell us of
abnormal results. Laboratory
professionals often have to look at blood
smears under the microscope in order to
confirm the findings and ensure that the

diagnosis is done correctly.

Need for Skilled Personnel

Despite the high degree of automation,

efficient chemotherapy treatment requires
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skillful laboratory personnel to operate
the hematology analyzers in an effective
manner. Trained professionals are
required to carry out sample preparation,
instrument performance monitoring,
result interpretation and to control quality

procedures.

Laboratory staff must also have the ability
to see when results are unusual or an
instrument flag is present that will need to
be investigated further. In addition,
routine maintenance, calibration, and
troubleshooting of the analyzer also
technical

require knowledge and

experience.

Without proper training and supervision,
mistakes can arise in handling of the
instruments or in interpretation of the
results, which can impact on the reliability

of the laboratory findings.

Cost and Maintenance Issues

Another challenge with automated
hematology analyzers is high priced
equipment and maintenance. Advanced
analyzers are a substantial financial

investment which might be out of reach
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for small labs or health care facilities that

do not have the means to afford them.

In addition to the initial costs of purchase,
laboratories also have to consider the
costs associated with reagents, calibration
material, quality control samples, and
routine maintenance costs. Regular
servicing and replacement of instrument
components is required to gain optimal

performance.

These financial requirements may affect
the ability to use advanced hematology
analyzers in certain healthcare settings,
especially if it is rural or resource limited.
However, despite these challenges, the
benefits of automated hematology
analyzers make them well outweigh their
field of clinical

limitations in the

diagnostics in modern clinical practice.

Quality Control and
Calibration in Hematology
Analyzers

Quality control and calibration is an

essential  process in  hematology

laboratories in order to guarantee that

automated analyzers will generate

accurate, dependable, and consistent

Vol. 1, Issue 1 (January—March 2026), pp. 51-82

This is an open-access article.




L,

RE—I] MS Research Edge

International Journal of Multidisoplinary Studles
Vol. 1, Issue 1 (January—March 2026), pp. 1-14

Email: revio1803@gmail.com Contact: 8889932922 Editorial Office: RE-IJMS Tejaji Nagar Indore 452020 Madhya

Pradesh India

pg74 Research Edge International Journal of Multidisciplinary Studies (RE-IJMS)

results. Since clinical decision relies on

laboratory findings significantly,
achievement of good analytical quality is

critical in hematological testing.

Automated hematology analyzers are
engineered with inbuilt machinery that
facilitates quality monitoring; however,
regular quality control methods and
calibration are still needed to keep the
instrument up to top quality. Quality
assurance programs are useful in
detecting errors, ensuring accuracy, and
ensuring that the results from the labs

meet set standards.

Internal Quality Control

Internal quality control (IQC) is the
familiar term used to define the routine
procedures carried out inside the
laboratory to check the accuracy &
results from the

This

precision of the

hematology analyzer. process
includes analyzing control samples that
are known to have a specific value and
comparing the results to those of patients

to ensure that the analyzer is functioning

properly.

Control materials are typically supplied
with varying concentration ranges e.g.
low, normal and high for various
hematological parameters. These controls
are executed every day or at constant
intervals and the results obtained are
compared against reference values that

are expected.

If the control results fall outside of the

acceptable range it may indicate a
problem with the analyser, reagents or
calibration. In such cases, corrective
actions are to be made before reporting
patient results. Internal quality control is
used to ensure consistency and reduce the
risk of reporting incorrect results in

laboratory testing.

External Quality Assurance

External quality assurance (EQA) or
proficiency testing is a system for
measuring  the performance of
laboratories by comparing the results
obtained by laboratories to those of other
laboratories. In this process an external
organization  supplies  standardized
samples to the participating laboratories

to be analyzed.
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The laboratories analyze such samples
with their routine processes and send the
results to the organizing body. The results
are then compared and evaluated to
identify the accuracy and reliability of the

testing process of each lab.

Participation in external quality assurance
programs helps labs to identify potential
problems that can impact test results in
order to improve testing accuracy and
keep abreast and in compliance with the
national and international laboratory
standards. It also promotes consistency

and reliability in different laboratories.

Instrument Calibration

Instrument calibration is the procedure of
adjusting thehematology analyzer in order
to make sure that its readings are accurate
and match standards known in the
laboratory or elsewhere. Calibration helps
to maintain the accuracy of measurements
and correct any deviation that may occur
over time due to instrument wear, reagent

changes, or environmental factors.

Calibration is normally done at the time of

installation of the analyzer, after major
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maintenance procedures, or on results of
quality control that indicate potential
problems  with the measurement.
Specialized calibration materials with
known parameter values are used with this

process.

Correct calibration makes sure that the
analyzer produces good and repeatable
results. Regular calibration in conjunction
with internal and external quality control
procedures is the basis of an effective
quality assurance program in hematology

laboratories.

12. Future Perspectives in
Automated Hematology

Advancements in  technology are

cognitively changing the field of

hematology diagnostics. The modern
healthcare systems require faster, more
accurate and efficient methods of
laboratory testing. As a result, automated
hematology analysers are evolving, new
technologies are being introduced to
improve the diagnostic capabilities and

laboratory workflow.
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And, future developments in hematology
analyzers can be expected to focus on both
intelligent data analysis, portability of
diagnostic devices and better integration
with digital healthcare systems. These
innovations will enable laboratories to
offer more accurate results and faster

diagnoses and patient care.

Artificial Intelligence in
Diagnostics in Hematology

Artificial intelligence (AI), used in the

diagnostic ~method, is increasingly
becoming an important element in the
modern laboratory  diagnostics. In
hematology, artificial intelligence (Al)
based algorithms can analyse a lot of lab
data and detect patterns that could not

easily be seen using traditional analysis.

Al systems can help with blood cell
classification, identification of abnormal
cell morphology patterns and rare cell
These

populations. technologies in

particular are proving useful in

identifying early signs of hematological
and other

disorders like leukemia

abnormalities in the blood.

By combining Al and automated
hematology analyzers, labs can make
diagnoses more accurate and ease the
workload of those who work in labs. Al-
assisted systems can also serve as decision
support tools to help clinicians make

sense of lab findings.

Smart and Portable Hematology
Instrument

The innovations in the development of
smart and portable hematology devices
are another promising development in the
field. These compact analyzers are
intended to run basic hematological tests
in smaller healthcare facilities, emergency
departments or in remote locations where

analysers with full laboratory facilities

may not be readily available.

Portable hematology analyzers require
lesser amounts of blood and give a quick
result within a few minutes. Many of these
devices are easy to use and have designs
for effortless functioning, making it
accessible to the healthcare workers for

conducting tests at the place of care.

The growing availability of portable

diagnostic devices can help to improve
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access to healthcare services, especially in
rural and resource-limited areas. These
devices also aid in the cases of rapid

screening and early detection of diseases.

Inter-Affecting Laboratory
Information System Integration

Another significant future trend in
hematology automation is the integration
of automated hematology analyzers to
laboratory information systems (LIS) and
hospital information systems (HIS).
These digital systems enable smooth
interactions between laboratory
instruments, data management systems

and the clinical departments.

Integration with LIS allows automatic
transfer of the test results, a reduction in
manual data entry, and a limited
possibility of transcription errors that can
occur. It also aids in keeping electronic
records of the patient's test results, making
it easier for clinicians to access/have a

history of the patient's.

Advanced data management systems can
also provide remote monitoring of
laboratory instruments, automated quality

control tracking, and better management

of the workflow. Overall, the integration
of automated hematology analyzers with
digital healthcare systems will improve
efficiency, accuracy, and coordination in

laboratory diagnostics in the modern era.

Conclusion

Automated hematology analyzers have
become a essential tool in modern clinical
laboratory thanks to their capability to
give fast, exact and dependable analysis of
blood samples. These instruments have
resulted in a remarkable improvement of
the efficiency of hematological testing as
they decrease the manual workload and
reduce human errors to a minimum.

Through the use of advanced technologies

such as electrical impedance, flow
cytometry, optical detection, and
fluorescence analysis, automated

analyzers are capable of measuring more

than one parameter of the blood at once.

The ongoing technology development in
hematology analyzer technology has
promoted the detection and monitoring of
many kinds of diseases such as anemia,
infections, leukemia, and blood platelet

diseases. Their high throughput and
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accuracy in measurements enable
laboratories to perform diagnose on a
large amount of samples while ensuring

continuous quality of diagnostics.

Despite certain limitations such as
interference in certain conditions, the
need for trained personnel and also the
cost of the equipment, the benefits of
automated hematology analyzers far
outweigh these challenges. Proper quality
control, frequent calibration, as well as
skilled operation help to ensure reliable

laboratory results.

Looking into the future, various future
enhancements like convergence of
artificial intelligence integration, portable
diagnostics  devices, and efficient
connectivity with lab information systems
will further cement the role of automated
hematology analyzers in the medical field.
These developments will further increase
the diagnostic accuracy, efficiency of
laboratories and overall patient care in the

field of clinical hematology.

Recommendations
Based on the review of advancements of

automated hematology analyzers, and
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their role in clinical diagnosis process,
several recommendations can  be
suggested for the effective use of
automated hematology analyzers in
and healthcare

clinical laboratories

settings.

First, it is important for laboratories to
ensure the proper implementation of
quality control and quality assurance
programs. Regular internal quality control
testing and involvement in external
quality assurance schemes are part of
maintaining the accurate and reliable
nature of hematological results. For this
reason, constant monitoring of the
instrument performance is very important
in order to discover any analytical errors

at an early stage.

Second, sufficient instruction should be
given to laboratory personnel that operate
automated hematology analyzers. Skilled
technicians and laboratory personnel are
required to appropriately use the
instruments, interpret analyzer flags, and
conduct

confirmatory ~ microscopic

examinations when required.

Third, routine maintenance or timely

calibration of hematology analyzers
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should be strictly adhered to the
specifications of the manufacturer. Proper
maintenance helps to prevent instruments
from malfunctioning and ensures
maintaining the same performance over a

period of time.

Fourth, integrating automated hematology
analyzers with laboratory information
systems should be implemented to better
manage the data, mitigate the importance
of human error, and to help waste and
improve the efficiency of laboratory flow.
Digital record systems also enable a better
tracking of patient result as well as the

laboratory performance.

Finally, healthcare institutions should
promote the use of modern technologies
of hematology analyzers, including
differential analysis and point of care,
particularly in areas with limited
laboratory facilities. Improving access to
advanced technologies for diagnosis can
help with early detection of the disease
and better management of the condition

for patients.

RE-I] MS Research Edge

International Journal of Multidisoplinary Studles

Vol. 1, Issue 1 (January—March 2026), pp. 1-14
Email: revio1803@gmail.com Contact: 8889932922 Editorial Office: RE-IJMS Tejaji Nagar Indore 452020 Madhya

Referances

I.

Greer, J. P. (2009). Wintrobe's
Clinical Hematology. Lippincott
Williams & Wilkins.
Lotspeich-Steininger, C. A,
Stiene-Martin, E. A., & Koepke, J.
A. (1992). Clinical Hematology:
Principles, Procedures,
Correlations. Lippincott Williams
& Wilkins.

Brugnara, C. (2015). Automated
Hematology Analyzers: State of
the art, an issue of clinics in
laboratory medicine. Elsevier
Health Sciences.

Crowther, M. A., Ginsberg, J.,
Schiinemann, H., Meyer, R. M., &
Lottenberg, R. (2009). Evidence-
Based Hematology. John Wiley &
Sons.

McPherson, R. A., & Pincus, M.
R. (2021). Henry’s Clinical
Diagnosis and Management by
Laboratory  Methods  E-Book.
Elsevier Health Sciences.

Orkin, S. H., Nathan, D. G.,
Ginsburg, D., Look, A. T., Fisher,
D. E., & Lux, S. (2008). Nathan

and Oski’s Hematology of Infancy

Vol. 1, Issue 1 (January—March 2026), pp. 51-82

This is an open-access article.




RE-I] MS Research Edge

International Journal of Multidisoplinary Studles

Vol. 1, Issue 1 (January—March 2026), pp. 1-14

Email: revio1803@gmail.com Contact: 8889932922 Editorial Office: RE-IJMS Tejaji Nagar Indore 452020 Madhya

Pradesh India

and Childhood E-Book. Elsevier

Health Sciences.

insights and methods. Frontiers

Media SA.

7. Groner, W., & Simson, E. (1995). 14. Kottke-Marchant, K., & Davis, B.
Practical guide to modern (2012). Laboratory Hematology
hematology analyzers. Wiley- practice. John Wiley & Sons.
Interscience. 15. Rodak, B. F., Keohane, E. M., &

8. Groner, W. & Simson, E. Fritsma, G. A. (2013).
(1995b).  Practical guide to Hematology - E-Book: Clinical

10.

11.

modern hematology analyzers.
Wiley-Interscience.

Saba, T., Rehman, A., & Roy, S.
(2022). Prognostic Models in
Healthcare: Al and statistical
approaches. Springer Nature.
Hay, D., King, A., & Desborough,
M. (2022). Haematology. John
Wiley & Sons.

Ross, D., & Brecher, G. (2022).
Automation in Hematology: What

to Measure and Why :

16.

17.

18.

Principles and  Applications.
Elsevier Health Sciences.

Weiss, D. J., & Wardrop, K. J.
(2011).  Schalm’s  Veterinary
Hematology. John Wiley & Sons.
Awate, D. (2023). Design and
development of cost-effective and
portable 3D printed biomedical
equipment.
https://doi.org/10.31274/td-
20240329-209

Baskurt, O. K., Boynard, M.,

Symposium : Papers and Cokelet, G. C., Connes, P., Cooke,
Discussions. B. M., Forconi, S., Liao, F.,
12. Emanuel, M. (2023). Devices for Hardeman, M. R., Jung, F,
blood  analysis:  Hematology Meiselman, H. J.,, Nash, G.,
Essentials. American Medical Nemeth, N., Neu, B., Sandhagen,
Publishers. B., Shin, S., Thurston, G., &
13. Risoluti, R., Materazzi, S., & Wautier, J. L. (2009). New

re.80 Research Edge International Journal of Multidisciplinary Studies (RE-IJMS)

Colah, R. B. (2021). Frontiers in

hemoglobinopathies: New

guidelines for hemorheological

laboratory techniques. Clinical

Vol. 1, Issue 1 (January—March 2026), pp. 51-82

This is an open-access article.




1L

RE-I] MS Research Edge

International Journal of Multidisoplinary Studles
Vol. 1, Issue 1 (January—March 2026), pp. 1-14

Email: revio1803@gmail.com Contact: 8889932922 Editorial Office: RE-IJMS Tejaji Nagar Indore 452020 Madhya

Pradesh India

re.81 Research Edge International Journal of Multidisciplinary Studies (RE-IJMS)

19.

20.

21.

22.

23.

Hemorheology and
Microcirculation, 42(2), 75-97.
https://doi.org/10.3233/ch-2009-
1202

Travers, E. M. (1997). Clinical
laboratory management.
Lippincott Williams & Wilkins.
Stiene-Martin, E. A., Lotspeich-
Steininger, C. A., & Koepke, J. A.
(1998).  Clinical Hematology:
Principles, Procedures,
Correlations. Lippincott Williams
& Wilkins.

Mehta, N. (2016). Automated cell

24.

25.

26.

Rinehart, M. T., Park, H. S.,
Walzer, K. A., Chi, J. A., & Wax,
A. (2016).

consumption by P. falciparum in

Hemoglobin
individual erythrocytes imaged
via quantitative phase
spectroscopy. Scientific Reports,
6(1), 24461.
https://doi.org/10.1038/srep24461
Device and method for automated
separation of a sample of whole
blood into aliquots. (1989).

Agayev, G.a. F.a. G. a. F. (2023).

REMOTE MEASUREMENTS

detection and  morphology OF WATER SURFACE
analysis on microscopic images in POLLUTION BY THE
imaging flow cytometry. METHOD OF LASER
Klymets, H. V., Iskra, R. Y., & LOCATION. PIRETC-
Svarchevska, O. Z. (2021). Proceeding of the International
Hematological parameters and Research Education & Training

protein metabolism in the blood of
pregnant rats under the effect of
vanadium

citrate.  Regulatory

Mechanisms in Biosystems, 12(1),

27.

Centre, 27(06), 102-108.
https://doi.org/10.36962/piretc27
062023-102

Williams, W. J.  (1990).

145-152. Hematology. McGraw-Hill
https://doi.org/10.15421/022122 Companies.

Williams, W. J. (1995). Williams 28. Liew, K. J. L. (2010). Global
Hematology. McGraw-Hill genomics analysis of the rodent
Companies. malaria parasites Plasmodium

Vol. 1, Issue 1 (January—March 2026), pp. 51-82

This is an open-access article.




RE—IJ MS Research Edge

International Journal of Multidisoplinary Studles

Vol. 1, Issue 1 (January—March 2026), pp. 1-14

Email: revio1803@gmail.com Contact: 8889932922 Editorial Office: RE-IJMS Tejaji Nagar Indore 452020 Madhya
Pradesh India

Berghei, Plasmodium Chabaudi modern hematology analyzers.
and Plasmodium Yoelii with Wiley-Interscience.
emphasis on the identification of 30. Greer, J. P. (2009b). Wintrobe'’s
novel  virulence  factors in Clinical Hematology. Lippincott
Plasmodium Yoelii. Williams & Wilkins.
https://doi.org/10.32657/10356/2 31. McKenzie, S. B. (2004). Clinical
0818 Laboratory Hematology. Prentice
29. Groner, W., & Simson, E. Hall.

(1995¢c).  Practical guide to

re.82 Research Edge International Journal of Multidisciplinary Studies (RE-IJMS)
Vol. 1, Issue 1 (January—March 2026), pp. 51-82

This is an open-access article.




