1
#m
AJBMS

AFGHANISTAN

ISSN: 3005-6632

Afghanistan Journal of Basic Medical

Sciences

i . .
Vol. 1, No.2, July 2024, pp. 65-74 albms pkn.edu.af

Evaluating Indicators and Alterations of Blood Cell Among Individuals

Referred to the City Hospital in 2023

Noorullah Amiri 2%, Sayed Jawad Asghari', Ehsan Ahadi', Naseer Ahmad Arghandabi®

1. Department of Medical Laboratory Sciences, City Medical Complex, Kabul, Afghanistan
2. Research Center, Razi Institute of Higher Education, Kabul, Afghanistan

ARTICLE INFO

ABSTRACT

Received: 8 April, 2024

Accepted: 15 April, 2024

*Corresponding Author:

Noorullah Amiri

Address: Research Center, Razi
Institute of Higher Education,
Kabul, Afghanistan

E-mail address:

Noorullahamiri682@gmail.com

Introduction: Changes in blood cell parameters can provide valuable insights
into an individual's health status. This study aimed to evaluate blood cell
alterations and indicators among individuals referred to a city hospital in 2023.
Materials and Methods: A retrospective analysis was conducted on patients'
medical records who visited the city hospital in Kabul, Afghanistan, in 2023.
Complete blood count (CBC) data, including red blood cells (RBCs), white
blood cells (WBCs), and platelet counts, were collected and analyzed using
SPSS (24.0). Deviations from the normal reference ranges were identified, and
the prevalence of various blood cell alterations was determined.

Results: The mean RBC, hemoglobin, and hematocrit levels were 1.18
million/cumm, 1.29 g/dL, and 1.51%, respectively. Most participants had
normal RBC (84.9%), hemoglobin (71.6%), and hematocrit (56.3%) levels. The
mean MCV, MCH, and MCHC were 1.30 fL/red cell, 1.36 pg/red cell, and 1.14
g/dL RBC, with abnormalities observed in 29.0%, 34.1%, and 11.8% of
participants. The mean total WBC count was 9,486.50/mm3, with normal
differential counts in the majority. The mean platelet count was
286,475.62/mm3, with 85.5% having normal levels.

Conclusion: This study provides insights into the alterations and indicators of
blood cells among individuals referred to the city hospital in 2023. The findings
highlight the importance of regular blood cell monitoring and the need for
comprehensive clinical assessment to identify and manage potential health
issues. These results can contribute to the development of targeted interventions
and improved patient care.
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1. Introduction

The human adult circulatory system
contains over 5 liters of blood, which serves
crucial functions, including transporting
oxygen and nutrients, removing waste,
delivering immune cells to fight infections,
and forming clots to prevent blood loss. The
circulatory system dynamically adjusts
blood distribution to meet the body's needs,
such as increasing blood flow and oxygen
supply during exercise or targeting immune
cells to infection sites (1). Specifically,
whole blood can be partitioned into distinct
cellular ~and acellular  (plasmatic)
components (2). The cellular elements of
whole blood can be classified into three
main categories, each with critical
physiological functions. The primary
physiological function of erythrocytes, or
red blood cells (RBCs), is the transport of
oxygen from the lungs to the body’s tissues,
thereby supplying all cells with the
necessary oxygen for cellular respiration.
However, within the circulatory system,
RBCs are constantly exposed to both
endogenous and exogenous sources of
reactive oxygen species (ROS), which can
potentially damage the RBCs and impair
their oxygen-carrying capacity. To mitigate
the detrimental effects of oxidative stress,
RBCs possess an extensive antioxidant
system, comprising not only non-enzymatic
low-molecular-weight antioxidants, such as
glutathione and ascorbic acid, but also
enzymatic antioxidants, including
superoxide dismutase, catalase, glutathione
peroxidase, and peroxiredoxin-2 (PRDX-
2). This multifaceted antioxidant network
serves to protect the structural and
functional integrity of RBCs, ensuring their
continued efficiency in delivering oxygen
to the body's cells (3). Leukocytes, or white
blood cells, constitute the immune system,

encompassing various specialized cell
types that defend against pathogens and
foreign substances (4). Thrombocytes, also
known as platelets, are essential for
hemostasis as they aggregate at sites of
vascular injury to form clots and prevent
excessive blood loss. The ability to
fractionate and isolate these distinct blood
cell populations facilitates their targeted
therapeutic application in clinical settings,
leveraging the unique capabilities of each
blood cell type to address specific medical
needs (5). The cellular and non-cellular
components of blood play a multifaceted
role in both human health and disease. On
the one hand, dysfunctions or abnormalities
within the blood system can contribute to
the pathogenesis of various conditions,
such as malignancies, autoimmune
disorders, viral infections, and
inflammatory syndromes. However, the
inherent properties of blood components
also make them valuable targets and
vehicles for therapeutic interventions
addressing these very same pathologies. In
2022, researchers conducted assessments to
evaluate the safety and efficacy of diverse
blood-derived therapies as potential
treatment  modalities  for  patients
experiencing the aforementioned disease
states, leveraging the unique capabilities of
blood constituents to combat these complex
medical challenges (6). This study aims to
assess and analyze the changes and markers
related to blood cells in individuals who
have been referred to the city hospital in
Kabul, Afghanistan. Afghanistan, where
this research is set, faces significant
challenges in human development and
economic progress. With a ranking of 171
out of 188 countries on the UN Human
Development Index, it has the lowest
ranking outside of Sub-Saharan Africa,
indicating widespread poverty and a lack of
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access to essential services. In 2011-2012,
over a third of the population lived below
the poverty line, and economic growth has
been slow. The country's economy is
heavily reliant on agriculture, which
accounts for 40% of the labor market and a
quarter of GDP, and 80% of the population,
including 90% of the poor, resides in rural
areas, underscoring the predominantly
agrarian nature of Afghan society (7).

2. Methods

2-1. Study Design and Patient Population
This study was conducted in 2023 at the
City Hospital in Kabul, Afghanistan, and
involved individuals referred for either
routine health checks or evaluations of
suspected medical conditions. To maintain
the integrity of the findings, the researchers
excluded participants with a history of
chronic diseases, recent blood transfusions,
or the use of medications that could affect
blood cell parameters, as these factors
could have skewed the investigation of
blood cell characteristics within the study
population.

2-2. Blood sample collection and analysis

Venous blood samples were collected from
each participant and placed into tubes
containing the anticoagulant EDTA. These
blood samples were then analyzed using an
automated hematology analyzer,
specifically the Model BC-3000 PLUS
from Mindray. This analyzer was used to
assess a comprehensive panel of red blood
cell parameters, including the red blood cell
(RBC) count, hemoglobin (Hb)
concentration, hematocrit (Hct), mean
corpuscular  volume (MCV), mean
corpuscular hemoglobin (MCH), and mean
corpuscular  hemoglobin  concentration
(MCHC). Additionally, the platelet (PLT)

count was determined. The analysis also
encompassed the white blood cell (WBC)
count and differential, providing the
absolute and relative counts of neutrophils,
lymphocytes, monocytes, eosinophils, and
basophils.

2-3. Statistical Analysis

Descriptive statistics were calculated for all
blood cell parameters, including means,
standard  deviations, medians, and
interquartile  ranges, as appropriate.
Differences in blood cell indices between
male and female participants were assessed
using independent-sample t-tests or Mann-
Whitney U tests, depending on the
normality of the data distribution. All
statistical analyses were conducted using
SPSS (version 24.0).

3. Results

The study population consisted of 4,373
individuals, for whom comprehensive
complete blood count (CBC) parameters
were analyzed. The study population's RBC
and WBC parameters are summarized in
Table 1. The mean total RBC count was
1.18 million/cumm, with a median of 1.00
million/cumm and a standard deviation of
0.452  million/cumm.  The mean
hemoglobin level was 1.2870 g/dL, with a
median of 1.0000 g/dL and a standard
deviation of 0.45843 g/dL. The mean
hematocrit was 1.51%, with a median of
1.00% and a standard deviation of 0.623%.
The mean corpuscular volume (MCV) was
1.30 fL/red cell, with a median of 1.00
fL/red cell and a standard deviation of
0.475 flL/red cell. The mean corpuscular
hemoglobin (MCH) was 1.36 pg/red cell,
with a median of 1.00 pg/red cell and a
standard deviation of 0.497 pg/red cell. The
mean corpuscular hemoglobin
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concentration (MCHC) was 1.14 g/dL
RBC, with a median of 1.00 g/dL RBC and
a standard deviation of 0.378 g/dL RBC.

The mean red cell distribution width
(RDW) was 1.33%, with a median of 1.00%
and a standard deviation of 0.741%. The
mean total WBC count was 9,486.50 per
cubic millimeter, with a median of 8,600.00
and a standard deviation of 4,745.60.
Examining the differential white blood cell
percentages, the mean  neutrophil
percentage was 62.29%, with a median of
63.00% and a standard deviation of
13.71%. The mean lymphocyte percentage
was 28.45%, with a median of 28.00% and
a standard deviation of 13.25%. Moving to
the other white blood cell types, the mean
eosinophil percentage was 3.61%, with a
median of 4.00% and a standard deviation
of 1.35%. The mean monocyte percentage
was 5.62%, with a median of 5.00% and a
standard deviation of 1.70%. Lastly, the
mean basophil percentage was 0.48%, with
a median of 0.00% and a standard deviation
of 0.14%.

Table 2 presents the frequency and
percentage distribution of various RBCs,
WBCs, platelets, and related parameters
within the study population. For RBC level,
the majority (84.9%) had a normal range
(4.1-5.9 x 10"12/L), while 12.3% had low
RBC levels (<4.1 x 10"12/L) and 2.9% had
high RBC levels (>5.9 x 107M2/L).
Regarding Hb levels, 71.6% were within
the normal range (12-16 g/dL), 28.2% had
anemia (<12 g/dL), and 0.3% had
polycythemia (>16 g/dL). For HCT
percentage, 56.3% were in the normal range
(40-54%), 36.8% had low HCT (<40%),
and 6.9% had high HCT (>54%). The mean
MCV was normal (80-100 fL/red cell) in
70.3% of the population, low (<80 flL/red

cell) in 29.0%, and high (>100 fL/red cell)
in 0.7%. The mean MCH was normal (27—
34 pg/red cell) in 65.0% of the population,
low (<27 pgl/red cell) in 34.1%, and high
(>34 pglred cell) in 0.9%. The mean
corpuscular MCHC was normal (32-36
g/dL RBC) in 87.1% of the population, low
(<32 g/dL RBC) in 11.8%, and high (>36
g/dL RBC) in 1.1%. Finally, the red cell
distribution width (RDW) was normal (11—
16%) in 83.6% of the population and high
(>16%) in 16.4%.

The normal range for total WBC count was
defined as 4.5 to 11.0 x 1079 cells/L, and
3,258 individuals (74.5%) were found to
have a WBC count within this normal
range. However, 70 individuals (1.6%)
exhibited a low WBC count below 4.5 x
10"9 cells/L, while 1,045 individuals
(23.9%) had a high WBC count above 11.0
x 1079 cells/L. The normal range for
neutrophil percentage was set at 45-75%,
and 3,338 individuals (76.3%) were within
this reference range. Conversely, 253
individuals (5.8%) had a low neutrophil
percentage below 45%, and 782 individuals
(17.9%) had a high neutrophil percentage
above 75%. For lymphocyte percentage,
the normal range was defined as 20-45%.
In this population, 2,786 individuals
(63.7%) had a lymphocyte percentage
within the normal range. However, 1,183
individuals (27.1%) exhibited a low
lymphocyte percentage below 20%, and
404 individuals (9.2%) had a high
lymphocyte percentage above 45%.
Regarding the other WBC subtypes, all
4,373 individuals (100%) had normal
eosinophil and monocyte percentages.
Additionally, 4,363 individuals (99.8%)
had normal basophil percentages between
0.0-0.1%, while 10 individuals (0.2%) had
a high basophil percentage above 0.1%.
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The mean platelet count was 286,475.62
per cubic millimeter. The median platelet
count was 275,000.00 per cubic millimeter.
Half the participants had a platelet count
above 275,000, and half had a count below
275,000.

The standard deviation of 101,782.87
indicates a substantial degree of variability
in platelet counts across the study group.
The normal reference range for PLT count
is generally considered to be between
150,000 and 400,000 platelets per cubic
millimeter (per cumm) of blood. 3,738
participants (85.5%) had a platelet count
that fell within the normal range of 150,000
to 400,000 per cm3. 194 participants
(4.4%) had a platelet count below 150,000
per cm3, which is considered low. 441
participants (10.1%) had a PLT count
above 400,000 per cumm, which is
considered high.

4. Discussion

Blood is a vital, specialized circulatory
tissue composed of cells suspended in
plasma. Its primary function is to maintain
homeostasis, the delicate physiological
balance essential for proper bodily
function. As a complex biological fluid,
blood transports critical components
throughout  the  body, regulating
fundamental life-sustaining processes. The
cellular constituents suspended in the
plasma matrix—red blood cells, white
blood cells, and platelets—each play
distinct roles in preserving the body's
internal stability and equilibrium (8). The
CBC, or hemogram, is a comprehensive
laboratory test panel that examines the
cellular components of the blood, including
RBCs, WBCs, and PLTs (9). The analysis

of blood provides a valuable window into
the body's metabolic status, allowing for the
investigation of various constituents and
metabolites. A blood examination plays a
crucial role in elucidating the physiological,
nutritional, and pathological conditions of
an organism (10, 11). Examining the
constituents of blood can furnish critical
information for the diagnosis and prognosis
of diseases. The composition of blood
components varies depending on the
physiological state of health or disease (12).

The results of this study show a wide range
of values across the different RBC, WBC,
and PLT measures examined. Erythrocytes,
or RBCs, function as the primary
transporters of hemoglobin, the oxygen-
binding metalloprotein. This hemoglobin
within the red blood cells undergoes a
reversible reaction with the oxygen carried
in the blood, forming oxyhemoglobin
during the respiratory process (13). In this
study, the majority of the population
(84.9%) had normal RBC counts, while
12.3% had low RBC levels and 2.9% had
high RBC levels. This suggests that a
relatively small proportion of the
population may have underlying conditions
affecting red blood cell production or
destruction.  The  hemoglobin  and
hematocrit levels displayed a similar
pattern, with most individuals (71.6% and
56.3%, respectively) falling within the
normal range, but 28.2% exhibited anemia
(<12 g/dL Hb) and 0.3% exhibited
polycythemia (>16 g/dL Hb). Previous
studies have found that in Afghanistan, the
prevalence of anemia among adults was
around 20%, with over half of the anemic
women being moderately or severely
affected.

Table 1. Median and mean and standard deviation of blood parameters of participants
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Parameter Mean Median Standard deviation
Total RBC count million/cumm 1.18 1.00 452
HB (g/dl) 1.2870 1.0000 45843
Hct (%) 1.51 1.00 .623
Mcv (fl/red cell) 1.30 1.00 475
Mch (pg/red cell) 1.36 1.00 497
MCHC (g/dl R.B.C) 1.14 1.00 378
Rdw (%) 1.33 1.00 741
Total WBC count (PER cumm) 9486.5033 8600.0000 4745.60037
Neutrophil (%) 62.2932 63.0000 13.70752
Lymphocyte (%) 28.4546 28.0000 13.25111
Eosinophil (%) 3.6051 4.0000 1.34924
Monocyte (%) 5.6241 5.0000 1.69817
Basophil (%) .0048 .0000 .13935
Platelete 286475.6231 | 275000.0000 101782.87170

The prevalence was similar between red cell indices, the majority had normal

pregnant (19%) and non-pregnant (20.5%)
women. However, when accounting for the
higher altitude of the provincial capital
where this study was conducted, the
adjusted anemia prevalence estimate
increases substantially to approximately
30%, indicating a more severe burden of
this condition in the study population (15).
Studies have found that 12.6% of men in
Malaysia are anemic, and the prevalence is
three times higher among older men
compared to their younger counterparts
(13). The prevalence of anemia is reported
at 25% among adult men and 31% among
adolescent boys (aged 15-19 vyears) in
India. Notably, the prevalence of anemia
has increased significantly = among
adolescent boys (aged 15-19 years) in 23
states, as well as among adult men (aged
15-49 years) in 17 states across the country
(16). According to the World Health
Organization, if the prevalence of anemia in
a population falls between 20 and 39%, the
burden of anemia is considered a moderate
public health concern (16). Examining the

MCV (70.3%), MCH (65.0%), and MCHC
(87.1%), indicating most individuals did
not have significant abnormalities in red
blood cell size or hemoglobin content.
However, significant minorities displayed
low MCV (<80 fL) and low MCH (<27 pg),
potentially indicative of microcytic anemia.
The red cell distribution width (RDW) was
elevated (>16%) in 16.4% of the
population, suggesting increased variation
in red blood cell size for these individuals.

Turning to the WBC parameters, 74.5% of
the population had a normal total WBC
count, while 23.9% exhibited leukocytosis
(>11.0 x 10"9/L) and 1.6% had leukopenia
(<4.5 x 10M9/L). The differential WBC
percentages showed that most individuals
fell within the normal ranges for
neutrophils (76.3%), lymphocytes (63.7%),
eosinophils (100%), monocytes (100%),
and basophils (99.8%).

Table 2. Frequency and percentage
distribution of various RBCs, WBC, plateles,
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and related parameters within the study

population.

Parameter Frequency Percent

RBC

Normal (4.1-5.9 x 10"12/L ) 3712 84.9
Low (<4.1 x 10M2/L) 536 12.3
High (> 5.9x 10712/L) 125 2.9
Hb level

Normal (12-16 g/dl) 3130 71.6
Animia (<12 g/dl) 1231 28.2
Polycythemia (>16 g/dl) 12 3
HCT percentage

Normal (40-54%) 2462 56.3
Low (<40%) 1608 36.8
High (>54%) 303 6.9
MCV

Normal (80-100 fl/red cell) 3075 70.3
Low (<80 fl/red cell) 1268 29.0
High (>100 fl/red cell) 30 N
MCH

Normal (27-34 pg/red cell) 2842 65.0
Low (<27 pg/red cell) 1492 34.1
High (>34 pg/red cell) 38 9
MCHC

Normal (32-36 g/dl RBC) 3807 87.1
Low (<32 g/dl RBC) 518 11.8
High (>36 g/dl RBC) 48 1.1
RDW

Normal (11-16%) 3656 83.6
High (>16%) 717 16.4
WBC

Normal (4.5 to 11.0 x 109/L) 3258 74.5
Low (<4.5 x 109/L) 70 1.6
High (>11.0 x 109/L) 1045 23.9
Neutrophil

Normal (45-75%) 3338 76.3
Low (<45%) 253 5.8
High (<75%) 782 17.9
Lymphcyte

Normal (20-45%) 2786 63.7
Low (<20%) 1183 27.1
High (>45%) 404 9.2
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Eosinophil

Normal (0.1-0.4%) 4373 100.0
Monocyte

Normal (0.1-0.6%) 4373 100.0
Basophil

Normal (0.0-0.1%) 4363 99.8
High (>0.1%) 10 0.2
Platelete

Normal (150000-400000 per 3738 85.5
cumm)

Low (<150000 per cumm) 194 4.4
High (>400000 per cumm) 441 10.1

However, concerning minorities displayed
abnormal percentages, potentially
indicative of underlying inflammatory
conditions, infections, or hematological
disorders. A study has reported that the
prevalence of leukopenia, defined as a
white blood cell count below 4,000
cells/fmma3, is found to be between 22% and
41.8% of the cases examined (18).

Finally, the platelet count analysis revealed
that the majority of participants (85.5%)
had a normal platelet count between
150,000 and 400,000/cum. However, 4.4%
had thrombocytopenia (<150,000/cumm)
and 10.1% had thrombocytosis
(>400,000/cumm), which could predispose
these individuals to bleeding or clotting
complications, respectively. The incidence
rate of primary thrombocytosis is relatively
low, with reports suggesting a range of 1.0
to 2.5 individuals per 100,000 per year (19).
Overall, this comprehensive CBC analysis
provides valuable insights into the
distribution of hematological parameters
within the study population. The findings
highlight that while most individuals
exhibit normal values, non-negligible

proportions display abnormalities that may
warrant further clinical investigation and
management. These results can inform our
understanding of common hematological
conditions and their prevalence in this
population (20).

Reference

1. Dean L. Blood groups and red cell
antigens. Bethesda: NCBI, 2005.

2. Flegel, WA. Transfusion. In: Delves
PJ, editor. Encyclopedia  of
Immunology  (Second Edition).
Oxford: Elsevier; 1998. p. 2399-404.

3. Mohanty JG, Nagababu E, and Rifkind
JM. Red blood cell oxidative stress
impairs oxygen delivery and induces
red blood cell aging. Frontiers in
physiology. 2014 Feb 28;5:84.

4. Desai A., Grolleau-Julius A., and Yung
R. Leukocyte function in the aging
immune system. Journal of leukocyte
biology. 2010 Jun;87(6):1001-9.

5. Khandekar G., Kim S., Jagadeeswaran
P. Zebrafish thrombocytes: functions
and origins. Advances in hematology.
2012;2012(1):857058.

6. Gubler KD, Sieracki MT, Merklin KW,
and Stephenson LG. Chapter 27: Blood
and Blood Treatments In: Ray SD,
editor. Side Effects of Drugs Annual,
45, Elsevier, 2023, p. 343-54.



10.

11.

12.

13.

14.

15.

Amiri N, etal. / Afghanistan Journal of Basic Medical Sciences (2024) 64-74 73

Flores-Martinez A, Zanello G, Shankar
B, and Poole N. Reducing anemia
prevalence in Afghanistan:
socioeconomic correlates and the
particular role of agricultural assets.
PloS one. 2016 Jun 6;11(6):¢0156878.
Isaac LJ, Abah G, Akpan B, and
Ekaette IU. Hematological properties
of different breeds and sexes of rabbits.
Proceedings of the 18th annual
conference of the Animal Science
Association  of  Nigeria, 2013,
September 8 (Vol. 6, pp. 24-7).
Oyawoye BM, Ogunkunle HN.
Biochemical  and hematological
reference values in normal
experimental animals. New York:
Mason, 2004:212-6.

Aderemi, F. A. (2004). Effects of
replacing wheat bran with cassava root
sieviate supplemented or
unsupplemented with enzymes on the
hematology and serum biochemistry of
pullet chicks. Tropical Journal of
Animal Science, 7, 147-153.

Doyle, D. (2006). William Hewson
(1739-74). He is the father of
hematology.  British ~ Journal  of
Haematology, 133(4), 375-381.
Togun VA, Oseni BS, Ogundipe JA,
Arewa TR, Hammed AA, Ajonijebu
DC, and Mustapha F. Effects of
chronic lead administration on the
hematological parameters of rabbits—
a preliminary study. Proceedings of the
41st Conference of the Agricultural
Society of Nigeria, 2007 (Oct., 2007)
(Vol. 341).

Etim NN, Williams ME, Akpabio U,
and Offiong EE. Haematological
parameters and factors affecting their
values. Agricultural Science. 2014
Feb;2(1):37-47.

Flores-Martinez A, Zanello G, Shankar
B, and Poole N. Reducing anemia
prevalence in Afghanistan:
socioeconomic correlates and the
particular role of agricultural assets.
PloS one. 2016 Jun 6;11(6):e0156878.
Awaluddin SM, Shahein NA, Che
Abdul Rahim N, Mohd Zaki NA,
Nasaruddin NH, Saminathan TA, Alias
N, Ganapathy SS, Ahmad NA. Anemia
among Men in Malaysia: A Population-
Based Survey in 2019. Int J Environ

16.

17.

18.

19.

20.

Res Public Health. 2021 Oct
17;18(20):10922. doi:
10.3390/ijerph182010922. PMID:
34682667; PMCID: PMC8535807.
Saxena V., Singh M., Anemia in Indian
Men: An Emerging Public Health
Challenge. Indian J Community Med.
2023 Nov-Dec;48(6):817-822. doi:
10.4103/ijem.ijcm_539 23. Epub 2023
Dec 1. PMID: 38249708; PMCID:
PMC10795878.

Geneva S., World Health Organization.
Hemoglobin concentrations for the
diagnosis of anemia and assessment of
severity. Vitamin and mineral nutrition
information system. Document
reference WHO.
NMH/NHD/MNM/11.1.
http://www.who.int/entity/vmnis/indic
ators/haemoglobin; 2011.

Carli L., Tani C., Vagnani S., Signorini
V., and Mosca M. Leukopenia,
lymphopenia, and neutropenia in
systemic lupus erythematosus:
prevalence and clinical impact—a
systematic literature review. Seminars

in  Arthritis and Rheumatism.
2015;45(2):190-4.
Ashorobi D, Gohari P. Essential

thrombocytosis. StatPearls [Internet].
2023 Aug 6.

Doig K., Zhang B., A Methodical
Approach to Interpreting the Red
Blood Cell Parameters of the Complete
Blood Count. American Society for
Clinical Laboratory Science.
2017;30(3):173-85.



