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Abstract

Reduction in oxygen partial pressure in the air at high altitude leads to reduced oxygen
saturation in the arteries and results in erythropoietin production, which stimulates
erythropoiesis to restore the appropriate oxygenation status. There are many studies
describing the acclimatization to high altitude and its effect on Complete Blood Count
(CBC) parameters and on exercise. Most of these studies proved the increase in
Hemoglobin (Hgb), erythropoiesis and erythropoietin secretion, while there is lack of
available information about the effect of being below sea level on CBC test results. This
study aimed to evaluate the CBC parameters of people who live below sea level, for the
first time in Palestine, in comparison with those who live above sea level. Moreover, it
Is expected by the end of this study that we will be able to verify the applicability of the
reference ranges that have been adopted from other sources and to assess if we need to
establish new reference ranges for people living in Jericho ( about 300 meters below sea

level) and Ramallah (about 900 meters above sea level).

The study was conducted in February, 2013, where four secondary schools were
chosen for the study: two in Jericho and two in Ramallah. Three hundred and twenty
participants were randomly chosen from eleventh and twelfth grade male students
during this study, where the age of students ranged from 16 to 19 years old. Twenty
three of them were excluded as they did not fit the given criteria. Blood samples were
collected from the rest two hundred ninety seven participants, and analyzed for CBC.
CBC data and questionnaires were analyzed using t-test between two means for
independent samples. Results for the differences between means showed that Red Blood
Cell counts (P=0.005), Hgb (P=0.001), and Hematocrit (P=0.002) have mean values
which are statistically higher among those who live about 900 meter above sea level
than among those who live about 300 meter below sea level, while Platelet count (PLT)

was significantly higher in those who live below sea level (P < 0.001).



Results of t-test for reference ranges showed that CBC reference ranges of Palestinians
are different in comparison with the applied reference ranges adopted from published
reports. Almost all CBC parameters in our study for both groups in Ramallah and
Jericho differ significantly from those in the international studies. This justifies the need
to establish our own reference ranges for this age group and for adult male population in
general.

In conclusion, we found significant difference in hematological parameters (Hgb, Hct,
RBC count, and platelet count) in healthy adult students living above and below sea
level in a representative population sample, which is also the first study from people

living below sea level in Palestine.
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Definitions of keywords

Altitude: The vertical height of an object above sea level (elevation).

Hemogram (CBC): The blood test that consists of a white blood cell count (WBC), red
blood cell count (RBC), hemoglobin (Hgb/Hb), hematocrit (Hct), red blood cell
indices, and a platelet count.

Acclimatization: the response which observed in individuals temporarily exposed to
high altitude, and to some extent, it enables them to tolerate high altitudes. In
this phase, erythropoiesis is increased, resulting in higher hemoglobin and
hematocrit levels to improve oxygen delivery capacity.

Adaptation: Is the process of natural acclimatization where genetical variations and
acclimatization play a role in allowing subjects to live without any difficulties at
high altitudes.

Accommodation: The initial response to acute exposure to high altitude hypoxia and is
characterized by an increase in ventilation and heart rate.
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Chapter One: Introduction

1.1.Introduction

Hemogram consists of a white blood cell count (WBC), red blood cell count (RBC),
hemoglobin (Hgb/Hb), hematocrit (Hct), red blood cell indices, and a platelet count. It
is alternatively called Complete Blood Count (CBC) or Full Blood Count (FBC), which
consists of a hemogram plus a differential WBC (Fischbach 2004). CBC is affected by
many factors. Altitude is considered one of the most important factors which can exert
its effect on hemogram parameters. Individuals living at different altitudes are expected
to show different Hemograms. Blood is one of the most responsive tissues in our
bodies to the oxygen availability, which means that blood can reflect the inner status of
our bodies. There are many physiochemical properties which influence our Hemograms
such as nutrition, sex, age, gestation, ethnicity, general health status (diseases), and
altitude (Tefferi, 2001; Domenech, et al. 2005; Lewis, et al. 2006). Many studies have
addressed the effect of high altitude on hemoglobin, erythropoietin, platelets, and its
effect on exercise. Most of the studies confirm an increase in hemoglobin level
secondary to an increase in erythropoietin level at high altitude (Al-Sweedan and Alhaj
2012), while there is lack of available information about the effect of being below sea

level.

The different types of response mechanisms that the organism uses when exposed to
hypobaric hypoxia at high altitude include accommodation, acclimatization, and
adaptation. Accommodation is the initial response to acute exposure to high altitude
hypoxia and is characterized by an increase in ventilation and heart rate.
Acclimatization is observed in individuals temporarily exposed to high altitude, and to



some extent, it enables them to tolerate high altitudes. In this phase, erythropoiesis is
increased, resulting in higher hemoglobin and hematocrit levels to improve oxygen
delivery capacity. Adaptation is the process of natural acclimatization where genetical
variations and acclimatization play a role in allowing subjects to live without any
difficulties at high altitudes (Gonzales, 2011).

Frequent changes between low and high altitudes provoke adaptations (acclimatization)
in red cell mass as occur in high altitude residents. The plasma volume decreases at high
altitude and increases again when staying at sea level (Schmidt, 2002). However, while
moving between low and high altitude, the total blood volume, hemoglobin
concentration and hematocrit, along with the plasma Erythropoietin (Epo)
concentration, noticeably oscillate during every hypoxic-normoxic cycle (Schmidt,
2002).

CBC is the most important and frequent test in the diagnostic process (George-Gay and
Parker, 2003). CBC requires a small blood sample obtained from venipuncture, or
finger puncture, or from the heel of infants. It is used to evaluate the general health
status and for screening and monitoring a lot of diseases as part of a routine medical

examination.

Many kinds of disease investigation need CBC test to the degree that the request that
does not include CBC may be considered incomplete. The CBC can be a powerful
diagnostic tool. Appropriate evaluation of all aspects of the CBC can lead to a specific
diagnosis or assist in ruling out many diseases. To gain the full utility of the CBC, it
preferred to be used in conjunction with a good history and physical examination as
well as with additional components of the minimum database such as chemistry panel
and urinalysis (Barger, 2003). It provides an effective answer to the clinical request and
helps clinicians in decision making (Sciacovelli et al., 2006). It consists of many
important hematological parameters depending on the advancement and technology of

the cell counter used.

In addition to its efficacy in diagnosing the causes of many diseases as a screening test,
it also confirm certain cases like infections when present, and paves the way for further

investigations (http://labtestsonline.org/understanding/analytes/cbc/tab/test).
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The main nine parameters of CBC are the Red Blood Cells (RBCs), Hemoglobin (Hgb),
Hematocrit (Hct), Red Blood Cell Indices. They include Mean Corpuscular Volume
(MCV), Mean Corpuscular Hemoglobin (MCH), Mean Corpuscular Hemoglobin
Concentration (MCHC), Red Blood Cell Distribution Width (RDW), White Blood Cells
(WBCs), and Platelets (PLTs) counts (Dixon, 1997). Mean platelet volume (MPV) and
platelet distribution width (PDW) are other useful hematologic parameters used in
monitoring recovery from thrombocytopenia (Buttarello 2004). Besides, (MPV) with
platelet distribution width (PDW) are used to evaluate patients suffering from liver
cirrhosis (LC) and thrombocytopenia (Luzzatto et al., 1988) along with patients with

myocardial infarction (Erne et al., 1988).

Nowadays most of cell counters are capable of performing the CBC in very short Turn
Around Time (TAT) about one minute, with relatively low cost. This provides strong
encourage to clinicians to utilize it for clinical diagnosis and for management of a

patient.

Every parameter in CBC has its own Reference Range (RR) value (Normal Value)/
Reference Interval ( Table 1.1) (Hoffbrand et al., 2011). Any decrease or increase in any
parameter of CBC indicates for a certain disorder which might be inquired or inherited.
It is essential that all laboratories use similar reference values for distinguishing the
normal from the abnormal (Lewis, 1988). Laboratory data influence 70% of medical
diagnoses. This fact indicates that the laboratory is a major aid to the clinicians who
have requested the tests. Furthermore, it means that the laboratory must try to reach the
goal of zero defects. Thus, it is repeatedly recommended throughout the literature to
establish the own reference ranges for any laboratory or population. It is proven that
there is a considerable difference in hemogram reference ranges upon the demographic
and ethnic variables (Bain et al., 1984; Roshan et al., 2009). Existing reference intervals
need to be verified or validated because they were admitted decades ago using obsolete
methods and instrumentations (Emerk, 2008). There are evidences that values adopted
from manufacturers are not applicable to all populations. Additionally, normal values
provided by different laboratory manuals and books do not solve this problem (Roshan
et al., 2009). It was also proved that CBC parameters may differ depending on the blood
sampling site (Kayiran et al., 2003).



Table 1.1: Normal values for Hemogram (CBC) main parameters adopted from
(Harmening, 2006; Hoffbrand et al., 2011).

Reference Male Female Units
Hoffbrand 4.0-11.0
WBC
Harmening 4.8-10.8 k/uL
Hoffbrand 45-6.5 3.9-5.6
RBC :
Harmening 4.7-6.1 4.2-5.4 *10°%/uL
T Hoffbrand 13.5-17.5 11.5-15.5
g
Harmening 14.0-18.0 12.0-16.0 g/dL
Het Hoffbrand 40-52 36-48
C
Harmening 42.0-52.0 37.0-47.0 %
Hoffbrand 80-95 i
MCV | Femtoliter
Harmening 80-100 (fL)
Hoffbrand 27-34 i
MCH . Picogram
Harmening 27-31 (pg)
Hoffbrand 30-35
MCHC Gram/dL
Harmening 32-36 %
Hoffbrand 150-400
PLT :
Harmening 150-350 k/uL
Hoffbrand
RDW _
Harmening 11.5-14.5 %

According to the IFCC1 C28-P3 document, for establishing a reference interval for a
specific analyte, reference individual is a selected person who meets the defined criteria
for reference individuals. All reference individuals in the general population refer to
reference population. Reference sample groups are individuals within the reference
population pool. Reference values are the values that obtained from the test results of
reference sample group. Reference values are used for evaluation of the reference
distribution. Reference limits are calculated from reference values. Finally, those values
that are located between the lower and upper of the reference limits are reference
intervals (Emerk, 2008).



Judgment of CBC results, either decreased or increased is implied, from a statistically
determined reference range that represents 95% of the normal population. Hence,
accurate interpretation of a particular Hgb result, for instance, requires the use of an
appropriate age-, sex-, and race- adjusted reference range and realization that a value
that is slightly below normal may be a statistical outlier rather than an indication of
abnormal value (Tefferi, 2001). More problematic are the inherent variables which
appear as a result of adaptation to environment (especially altitude). These factors must
be recognized when physiologically establishing normal values (Lewis, 2012). In
general, hemoglobin levels are 1-2 gram lower in women and African men than in white
males (Tefferi, 2001). Typically, laboratory teams adopt the reference ranges provided
to them by manufacturers, neither establishing reference ranges themselves nor even

verifying the applicability of those reference ranges to their patients (Gary , 2008).

Jericho city is the lowest inhabited place on the planet located in Palestine, about 300
meters below the sea level (Palestinian Meteorology Center, 2013). There are many
previous studies describing the effect of high altitude on blood and CBC parameters.
(Faura et al., 1969; Savourey et al., 2004; Grocott et al., 2007; Alper et al., 2009; Al-
Sweedan and Alhaj, 2012; Son et al., 2012). Most of these studies are comparing sea
level with different altitudes, while very few of them investigated the influence of being

below sea level.

Reference ranges used in Palestine are adopted from the literature and derived from
studies that were not done on Palestinians, and there is no sufficient data available about
hematological reference ranges for Palestinian population especially for those living

below sea level as a unique place.

This study is the first one in Palestine that aimed, on one hand, to evaluate the CBC of
those living below sea level, and comparing between those living about 300 meters
below sea level (Jericho people), and those living about 900 meters above sea level
(Ramallah people). On the other hand, this study aimed in part at evaluating the used
reference ranges of CBC parameters in Palestine, and to assess the need for establishing

new reference ranges for Jericho people if needed.



1.2. Objectives of the study

CBC is a multi-parameter simple automated test where every parameter is considered a
specific test and has its medical value in medical diagnosis process. These main
parameters include WBC, RBC, and their indices (MCV, MCH and MCHC), Plts
counts in addition to Hgb, HCT, and RDW are included in this study.

Hemogram is frequently ordered for any person seeking medical help, and most of
other hematologic tests are referred in their planning to the information derived from

the hemogram indicators (Besarab and Soman, 2005).

This study will evaluate the hemogram for people living about 300 meters below sea
level for the first time in Palestine. It will also compare their hemogram with the
hemogram of those living about 900 meters above sea level, and will evaluate to some

extent the applicability of the used reference ranges of CBC in Palestine.

1.3. Statement of the problem

Palestine has the lowest point in the world where Jericho city is located about 300
meters below the sea level while Ramallah city is 900 meters above the sea level
(Palestinian Meteorology Center, 2013).This difference in altitudes results in climate
variations and atmospheric diversity (Table 1.2) that may affect the human physiologic
responses and adaptation. Blood is one of the most responsive and affected systems in
the body to such differences, particularly the RBC’s and the related parameters. There is
lack of information available in the literature about the effect of being below sea level
on hemogram parameters. Many studies have reported the influence of high altitude on
human hemogram parameters and its effect on athletes performance. Many of these
studies have yielded conflicting results, and there is a rarity in the evaluation to the

effect of living below sea level.

It’s expected that People living at different altitudes will have different hemogram
(CBC) results. There are many factors affecting the hemogram parameters such as, age,
sex, PO,, smoking, diet, genetic background, erythropoietin production, diseases and so

forth. There are different PO, levels at different altitudes. The altitude factor is one of
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the most important factors that may exert its effect on the RBC’S and related
parameters. Therefore, this study intends to evaluate the hemogram of those living
below sea level for the first time in Palestine. Besides, it is expected to investigate if
there is a significant difference in the hemograms between those living in Jericho and
those living in Ramallah, and if this difference (if present) is related to altitude
difference. If so, do we need to establish a reference range for CBC parameters for those

living in Jericho if differ significantly from those living in Ramallah?

Table 1.2:Altitude and climate variations of the two study cities, Jericho and Ramallah.

Provided from Palestinian Meteorology Center, 2011.

Altitude Pressure, mb Temperature
meter (mmHg) Celsius

Range : 1034-1052 | Average minimum: 16.0

Jericho 260 below sea level Mean: 1043.25 Average maximum: 33.0
(786 mmHg)

Range: 914-920 Average minimum: 9.0

Ramallah 856 above sea level Mean: 916.8 Average maximum: 24.0

(687 mmHg)
mb: mellibar

1.4. Justification

Hemogram, alternatively called Complete Blood Count (CBC), is one of the most
commonly ordered blood tests to evaluate patients. It is often used as a broad screening
test to determine an individual's general health status. It can be used to screen for a wide
range of conditions and diseases. CBC also helps diagnose various conditions such as
anemia, infection, inflammation, bleeding disorders or leukemia. It also monitors the

condition or effectiveness of treatment after a diagnosis is being established.

It is proved now that there is a worthy difference in CBC reference ranges according to
the demographic and ethnic variations (Roshan et al., 2009). There is much evidence

that reference ranges adopted from manufacturers are not applicable for all populations.
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Furthermore, normal values provided by different literature resources do not solve this
problem (Roshan et al., 2009).

There is a need to provide a description of the hemogram of those people living below
the sea level as there is lack in such data. Jericho as a unique inhabited place on the
planet located below sea level, which creates a strong motivation to us to conduct this
study. Testing people at different altitudes in Palestine can assess the need for a
different reference range. There are a lot of recommendations through the literature to
establish the own reference range, because it is one of the most important tasks of the
medical laboratory to provide an effective answer to clinical request to help clinicians in
making decisions. Thus, providing a reliable reference value with the results is crucial

for accurate diagnosis.

The reference ranges, which are provided by other sources, deserve more scrutiny. It is
expected by the end of this study that we will be able to verify the applicability of the
reference ranges that have been adopted from other sources and to assess if we need to

establish new reference ranges for this age group living in Jericho and Ramallah.

Reference range value represents the corner stone for the clinicians to evaluate the CBC
results. Physicians rightly expect that medical laboratory should provide a reference
range in accompany with their results, which would help them in adequate judgment of
the diagnosis. Any laboratory result without a valid reference range will be meaningless
for the clinician. This study is expected in part to evaluate the CBC reference ranges

that are used in Palestine in order to show the need for local CBC reference ranges.

1.5. Significance of the study

CBC parameters are affected by oxygen availability at different altitudes. Literature is
rich with studies comparing between CBC at sea level with CBC at different altitudes,
while there is lack of available information about the effect of low altitude on CBC test
results. This study is expected to compare the CBC of people who live below sea level,

for the first time in Palestine, with those live above sea level.



The importance of this study lies in providing more effective answers to the clinical
request and helping clinicians in more accurate understanding and interpretation for the
CBC results. It is expected from the results of this study, on one hand, to change the
way in which medical practitioners and field workers look at CBC results, influencing
the forthcoming researches, and to create long-term interest in the problem of being
below sea level. On the other hand, it is expected also, with completion of this study, to
be able to evaluate to some extent the applicability of the used CBC reference ranges
that adopted from the literature on Palestinian people, and assess the need for

establishing a new reference ranges of CBC for Jericho city inhabitants.

Thus, this study is the first one in Palestine and the second at the level of the world to
investigate the CBC results below sea level. Conducting such study for the first time in
Palestine and being the only one evaluating the CBC reference ranges is expected to
produce substantially novel knowledge that could be of pivotal importance, along with

impact on physicians, researchers, patients, and local community.

1.6.0rganization of the study

The study is divided into five chapters. This chapter presents an introduction for the
study, objectives of the study, statement of the problem, justification, and significance
of the study. The second chapter reviews the literature related to the research topic. The
third chapter presents the methodology followed in collecting and analyzing the data. It
describes the research questions and hypothesis, the setting and participants, the
materials, and data analysis. The fourth chapter deals with data analysis and the results
obtained on the basis of the investigated research questions. The last chapter is devoted
to a discussion of the findings, pedagogical implications, and general conclusions

inspired from the findings.



Chapter Two: Review of Literature

2.1. Introduction

Zuntz was the first scientist who studied the effects of lowered oxygen partial pressure
(PO,) on the human body in a hypobaric chamber. He worked together with Adolf
Loewy (1862-1936), Angelo Mosso (1846-1910), and Arnold Durig (1872-1961). In
1902, Zuntz and the Austrian Hermann von Schroetter (1870-1928) made two balloon
ascents up to 5,000m in Berlin. A synopsis of these studies was published by Zuntz in
1906, his famous book (High altitude climate and mountain-touring) (Gunga and
Kirsch 1995).

After that, many researchers have focused on the effect of high altitude on
erythropoiesis (Jensen and Alt, 1945; Stohlman and Brecher, 1957; Faura et al., 1969).
In addition, the effect of altitude and hypobaric hypoxia on other CBC parameters,
blood chemistry, hemostasis, chronic diseases and on exercise continuously enriched
the literature (Pustovalov and VVoronkov, 1988; Julian et al., 1993; Joanny et al., 2001,
Christensen et al., 2002).

Under hypobaric hypoxia, regulation of erythropoiesis is directed to prevention of tissue
hypoxia (Makeshova et al., 2004). Chronic exposure to high altitude reduces maximal
O, uptake (VO.max), and the arterial O, saturation at maximum effort decreases
(Cymerman et al., 1989). There are many studies which state that hypobaric hypoxia at
high altitude stimulates erythropoiesis (Lewis, 2012). Chronic sporadic exposures to
simulated high altitudes for a period of 6 weeks yielded a marked polycythemia and

increase in the total blood volume (Demopoulos et al., 1965). Other studies on athletes
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demonstrated that living at moderate altitude, (1550-2050m) and training low, near sea
level (450-500 m) significantly increase VO,max and RBC mass for both genders
(Levine and Stray-Gundersen, 1997; Christoulas et al., 2011).

There is a myriad number of studies verifying the increase in hemoglobin level as a
result to rise in erythropoietin level at high altitude (Gray et al., 1975; Richalet et al.,
1994; Gunga et al., 2003; Heinicke et al., 2003), but there is a scarce data on hemogram
of those living at low altitude. It is well documented that ascending to high altitude is
associated with the increment of red cell mass. Additionally, there is a rapid elevation in
erythropoietin level on ascent to altitude with a reduction in plasma volume (Al-
Sweedan and Alhaj, 2012). 2,3-Diphosphoglycerate (2,3-DPG) levels increased
throughout Hypobaric Hypoxia (HH) and an inverse linear relationship was found
between 2,3-DPG and Epo at the end of HH. The sensitivity but not the gain of the Epo
response to hypoxia was modified by altitude acclimatization. Higher 2,3-DPG levels
could partly explain this decreased sensitivity of the Epo response to hypoxia. Altitude
acclimatization modifies the control of erythropoiesis not only at sea level, but also
during a subsequent hypoxia (Savourey et al., 2004; Son et al., 2012).The results of red
blood cell count, hemoglobin, and hematocrit are related because they each measure
aspects of red blood cells (Tefferi, 2001).

There is a limited studies on platelet count at high altitude with conflicting results. For
instance, a fall in platelet counts was observed on ascent to high altitude according to
some studies (Gray et al., 1975; Chatterji et al., 1982; Al-Sweedan and Alhaj, 2012). No
statistically significant differences were found among the groups regarding the platelet
counts between 2000 m altitude and sea level, while the mean platelet volumes were
significantly higher in patients living in high altitude (P = 0.001) (Alper et al., 2009).
Additionally, High-altitude exposure decreased the platelet count, and shortened the
platelet function by approximately 20% indicating increased platelet aggregation.
Exposure to high altitude activates platelets, which leads to platelet aggregation, platelet

consumption, and decreased platelet count (Sharma, 1981; Lehmann et al., 2006).

Previous studies demonstrated the changes in CBC parameters in highlanders, but there
is no sufficient evaluation to the effect of living below sea level. This study tends to

evaluate the effect of living below sea level on blood count parameters.
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There are few researches on reference ranges for blood parameters in school age
children. It was stated that median hemoglobin and red blood cell count values for girls
and boys rose together with increasing age up to 12 years, but then differed. Girls had a
higher platelet count than boys. Mean platelet volume rose with age and was inversely
related to the platelet count. Total leucocyte count declines with age (Taylor et al.,
1997).

2.2. Significance and exigency of CBC in diagnostic process

CBC has multiple clinical applications and it is usually performed to investigate
diseases including anemia which is the most frequent hematological disorder during
childhood (Saxena et al., 2007). Many of medical conditions which secondarily
influence the blood and bone marrow involving infections, inflammation,
coagulopathies, neoplasms, and toxic substances exposure can be evaluated by CBC
(George-Gay and Parker, 2003). It is necessary for both clinician and medical
laboratory scientist to understand CBC test for a full usefulness and appropriate
diagnosis. Understanding CBC in its strength, limitations, and indications by the
clinician will serve as an effective tool for avoiding more unnecessary tests and more
costly tests for their patients (Aljabali, 2011). CBC is an effective tool to obtain medical
information about human body. It is in every clinician's interest to have good
understanding of the specific test basics as well as a structured action plan when
confronted with unusual CBC results (Tefferi et al., 2005). Nowadays, CBC with
differential WBC counts is one of the most commonly ordered laboratory test where the
value of every CBC parameter in the disease investigation process aids in diagnosing,
treatment, and follow up hematological disorders in addition to solving other medical
situations (Tefferi et al., 2005).

CBC parameters are mostly reported as percentages rather than absolute counts, and due
to dynamic changes in CBC , differential WBCs count, and reticulocyte count reports
tended to be longer and more complicated. Thus, clinicians might be receiving more
data and beyond what they need. These excess data are not beneficial to medical
practitioner and may lead to miss-understanding and interpretation of data which may

result in error in medical judgment (Sandhaus and Meyer, 2002).
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2.3. Physiological Background of CBC

The CBC is a medical laboratory test that measures the circulating blood cells in terms
of RBCs, Plts in addition to WBCs and its subtypes (Tefferi et al., 2005). CBC is the
main test to evaluate the immune system through measurement of WBCs and its
myeloid and lymphoid subtypes, and the oxygen-carrying capacity through the
measurement of Hgb, Hct and RBCs indices and PIts. It is expected to find only mature
blood cells in the circulation under the normal health conditions (George-Gay and
Parker, 2003).

All blood cell lines that originated from the pluripotential stem cell (PSC) during
hematopoiesis process can be measured by CBC test (George-Gay and Parker, 2003;
McPhee, 2010). Hematopoietic stem cell (HSC) has the ability for both self-renewal and
transformation into all other blood cellular components, proliferation and differentiation
to all blood cell lines (Dixon, 1997; Proytcheva, 2009).

Bone marrow is the main site of production of all blood cells in adulthood from the PSC
which undergoes successive differentiation phases until it becomes mature cells (Dixon,
1997; McPhee, 2010). Hematopoiesis process is complex and it depends on the
development of human from the embryonic stage to adulthood. The process is divided
into three periods in the embryonic stage and named upon the main site of production.
Mesoblastic period is the first one and continues for eight weeks from gestation. The
mesoderm of the embryo is the origin of the first stem cell, then tiny blood islands
appear in the yolk sac where there is an external cell form the vessels and the hemoblast
(first primitive RBCs) is formed from the interior cells (Dixon, 1997; Proytcheva,
2009).

The second period is the hepatic period that takes place in the liver. It starts from the
second month until the seventh month of gestation. During this stage, spleen also
partially contributes to the formation of the blood cells (Dixon, 1997; Proytcheva,
2009).

In the fourth month, the third period begins in the thymus. In this stage, bone marrow

(BM) and lymph nodes become the main sites of blood formation. Bone marrow plays

13



the main role in the formation of all blood cell lines, while thymus and lymph nodes are
responsible for the final development and activation of the immature WBCs (Dixon,
1997).

Myeloid and lymphoid stem cells are the source of all WBCs. Basophils, eosinophils,
neutrophils and monocytes are considered the mature myeloid cells(McPhee, 2010).
The first three types are named granulocytes (Dixon, 1997). Granulocytes obtain this
name from the granular contents in their cytoplasm. These granules contain potent
biochemical mediators such as histamine, serotonin, and heparin in basophils.
Additionally granulocytes possess enzymes capable of destroying pathogens or down
regulate the hypersensitivity reactions by neutralizing the histamine as in eosinophils
(George-Gay and Parker, 2003).

The other cell types that lack granules in their cytoplasm, monocytes which is the
largest of the leukocytes as an example, are considered the cleanup crew of the human
body with the macrophages (George-Gay and Parker, 2003). Agranulocytes including
the other mature lymphoid cell types (T, B and natural killer cells (NK) (Dixon, 1997).
The major portion of WBCs (about 55%-75%) are neutrophils or Poly Morphonuclear
Neutrophils (PMNSs) function as defender against bacterial infections. These are present
in two pools: the circulating pool and the marginal pool (Dixon, 1997; George-Gay and
Parker, 2003). In the absence of infection or inflammation neutrophils life span is about
12 hours in the circulation (Dixon, 1997). Defending against the multicellular parasites
and detoxifying, the antigen antibody reactions is the main role of eosinophils which
make up about 1% to 4% of the total WBCs counts (Dixon, 1997; George-Gay and
Parker, 2003).

The rarest granulocytes in the circulation are the basophils and they constitute about 1%
play major role in the hypersensitivity conditions and called mast cells in the tissues
(Dixon, 1997). Basophils associated with systemic allergic reactions of unclear

mechanism of action (George-Gay and Parker, 2003).

Monocytes are the largest cell type of WBCs (George-Gay and Parker, 2003). They
constitute about 2%-8% of the total WBCs and they play main role in cleaning up the

microorganisms (Dixon, 1997).When they inter the tissue macrophages and named
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upon the particular tissue they found in (George-Gay and Parker, 2003). They destroy
the pathogen and exhibit a cell surface marker to pass information to the lymphocytes.
Lymphocytes then use this marker to find the microorganism and defend against it
(George-Gay and Parker, 2003).

The second line of defense in the blood are lymphocytes that form about 25%-45% of
total WBCs (Dixon, 1997). There are two major types T and B cells. The former are
responsible for the cell mediated immune process and constitute about 80% of the
circulating lymphocytes. The B cells which represent about 20% of the circulating
lymphocytes are responsible for the humoral immune response in human body and the
production of antibodies (Dixon, 1997). Defending the human body against the
pathogens is the major function of WBCs, they are considered the major players in
responding to infection/inflammation (George-Gay and Parker, 2003). There is a
different and unique mechanism of defense used by every type of WBCs (Dixon,
1997). T cells have several subtypes, including regulators and effectors (George-Gay
and Parker, 2003).

Initiation or suppression of the immune response is the role of regulator T cells from
which they derive their name. Regulator T cells are also classified into two subtypes, T
helper cells and T suppressor cells. T helper cells are considered the master trigger of
the immune system, they possess the cluster of differentiation 4 (CD4) surface marker.
T suppressor cells’ function is to inhibit the immune response once the immune system
controls the infection (George-Gay and Parker, 2003). Effector T cells have also two
subtypes; T toxic cell that possess the cluster of differentiation 8 (CD8) and act to
destroy the cancer cells and virally infected cells. And memory cells that perpetuate
long lasting immunity against certain microorganism (George-Gay and Parker, 2003). B
cells constitute the body's main humoral immunity crew. Upon its activation, it

transforms into plasma cells which produce antibodies (Dixon, 1997).
Natural Killer (NK) cells do not have T or B markers. Despite the fact that they are

non-specific cells, they are very effective against cancer and virally infected cells
(George-Gay and Parker, 2003).
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Red Blood Cells (RBCs) are produced through the erythropoiesis process in the bone
marrow, which is stimulated by an oxygen-sensing system (See Figure 3.) located in the
kidney, and also involves the erythropoietin hormone (George-Gay and Parker, 2003).
They do not have nuclei at maturity, their nuclei are extruded during the final phase of
the development. The presence of RBC with nuclei in the peripheral blood smear
suggests an underlying disease (McPhee, 2010).

The results of red blood cell count, hemoglobin, and hematocrit are related because each
one of them measures aspects of red blood cells. If the measures in these three areas are
lower than normal, the patient have anemia. Anemia causes fatigue and weakness.
Anemia has many causes including low levels of certain vitamins or iron, blood loss, or
an underlying condition. A red blood cell counts that's higher than normal
(erythrocytosis), or high hemoglobin or hematocrit levels, could point to an underlying
medical condition such as Polycythemia Vera (PV) or heart disease (Tefferi, 2001).

RBCs are small and flexible, and their main function is to supply the living tissues with
oxygen that picks up in the lungs pole, and remove the generated carbon dioxide waste
from the cells to lungs for excretion (Dixon, 1997; George-Gay and Parker, 2003).

Bone marrow is the place where RBCs are produced by RBCs progenitors. This process
is called erythropoiesis. During erythropoiesis the progenitors go through a series of
phases that lead to production of mature RBCs (Dixon, 1997; Messinezy and Pearson
1997; Letter. 2001). RBCs are considered as Hgb sacs, they cannot split as they do not
have nuclei, and their lifespan is about 120 days in peripheral blood (George-Gay and
Parker, 2003).

There are many factors required in the metabolism of RBCs such as amino acids,
vitamin B12 and folic acid where all is basically involved in cell development and DNA
synthesis (Dixon, 1997; George-Gay and Parker, 2003). Globin chain synthesis takes
place on RBC-specific cytoplasmic ribosomes that are triggered from the inheritance of
various structural genes (Figure 2.1) (Harmening, 2006).
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Figure 2.1: The genetic control of hemoglobin synthesis (Hoffbrand et al., 2011).

Hgb synthesis requires four iron atoms for each Hgb molecule (Dixon, 1997; George-
Gay and Parker, 2003). Production of RBCs is a highly complex process which includes
multi biochemical and metabolic pathways, heme and Hgb synthesis, Acquisition of
iron, amino acids (A.A), vitamins, and growth factors in the bone marrow , in addition
to the synthesis of alpha and beta globin chains that build up the Hgb (Dixon, 1997). In
a CBC test Hgb is the major indicator for anemia or polycythemia (Tefferi et al., 2005).
Hgb molecule is a heme-portion complex of two pairs of similar polypeptide chains
(Figure 2.2).
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Figure 2.2: Dominant interactions between hemoglobin subunits (Nelson, 2008).

In this representation, o subunits are light and 3 subunits are dark. The strongest subunit
interactions (highlighted) occur between unlike subunits. When oxygen binds, the a;f;
contact changes little, but there is a large change at the a3, contact, with several ion
pairs broken (Altschuler and Kast, 2005).

Amino acids, iron, and vitamin B6 are requirements for Hgb synthesis (Dixon, 1997;
Irwin and Kirchner, 2001). Two alpha and two beta globin chains form the globin
protein in human adults while iron and vitamin B6 are involved in the formation of
heme which gives the blood its color (Dixon, 1997; George-Gay and Parker, 2003). Iron
in the ferric state (Fe*®) is delivered to the membrane of RBC precursors by the protein
vehicles transferrin. It proceeds to the mitochondria where it is reduced to ferrous (Fe*?)
state for incorporation with the protoporphyrin ring to form heme. This process is
influenced by Epo, it requires vitamin B6. The cytoplasm is the place in which each
synthesized globin chain binds with heme (ferroprotoporphyrin 1X) to form
hemoglobin, which is basically formed of two alpha chains, two beta chains, and four

heme groups (Harmening, 2006).

The different beta-globin genes arose by a duplication of an ancestral gene, most likely
as a result of an "unequal crossover" during meiotic recombination in a developing
germ cell, and from random beneficial mutations over evolutionary time (Lodish et al.,
2008).
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Hct represents the percentage of the packed RBCs volume to the total whole blood
volume. Hct is a parameter that is calculated in most automated blood cell counters by
multiplying Mean Corpuscular Volume (MCV), with RBCs and dividing the result by
ten (George-Gay and Parker, 2003). Hct is an indirect measure of oxygen carrying
capacity in blood while Hgb is considered a direct measure of oxygen carrying capacity
and seems more sensitive in diagnosing anemia but, still not a gold standard.
Additionally Hct is a main factor that determines blood viscosity (Quinto et al., 2006).
Mean Corpuscular Hemoglobin Concentration (MCHC) parameter, which is one of the
RBCs indices, expresses the relationship between both Hgb and Hct parameters (Quinto
et al., 2006).

Thrombocytes or Platelets (PIts) are the smallest cells that found in the blood circulation
with a life span from nine to twelve days (George-Gay and Parker, 2003). Like an
erythrocyte, thrombocyte lacks the nucleus but it is derived from the myeloid stem cell
through a series of developing stages (George-Gay and Parker, 2003). Circulation
contains about 70% of the Plts while spleen have the other part (George-Gay and
Parker, 2003). Plts have two main functions: first, one is forming a plug along with
coagulation factors to close the bleeding site. Second role is to aid in vascular integrity
(Dixon, 1997).

2.4. Clinical utility, interpretation, and evaluation of CBC

Nowadays, it is possible to perform the entire CBC with few sampling errors in a single
instrument during one minute while automated counting was done for the first time in
1960s only for WBCs and RBCs (Dixon, 1997; Matsuno and Ishizuka, 1998). Though
CBC is typically not a definitive diagnostic test, it has multiple clinical applications in
practice. Clinicians use it as a key to find any abnormality. Blood is one of the most
responsive tissues in our bodies to any physiochemical changes in human body, which
signifies that blood can reflect the inner status of our bodies at any condition and it is
rich with a valuable medical information. CBC test includes up to eighteen parameters

in some instruments.
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Since the CBC is a panel of tests that help in diagnosis of any hematological or non-
hematological disorder, the clinician should use it as a primary investigation to evaluate
the human body state. CBC is usually used as a screening test for asymptomatic
individuals (George-Gay and Parker, 2003).

It is essential to evaluate every hematologic parameter in the CBC with consideration of
other parameters. A non-hematologist should address some but not all CBC
abnormalities (Tefferi et al., 2005). We have tracked in this study the nine basic
components of CBC which are WBCs, RBCs, Plts, Hgb, Hct, RDW, red blood cell
indices, MCV, MCH and MCHC. During the evaluation of CBC parameters, it is
essential to rule out potential diseases such as any abnormal increase or decrease in the

value of a given parameter that could indicate the presence of a specific disease.

Evaluation of WBCs or the leukocytes begins with the examination of the total WBCs
count followed by scrutinizing of the differential WBCs counts (Letter. 2001; Tefferi et
al., 2005). Increase in the WBCs count above 11,000/uL is termed leukocytosis, which
appear in infections, inflammations, and in cancers or marrow disorders (George-Gay
and Parker, 2003; Tefferi et al., 2005). In leukemia, there is a severe increase in the total
WBCs count above 100,000 /uL, which may affect the blood circulation by increasing
the blood viscosity and result in Venous Thromboembolism (VTE) (George-Gay and
Parker, 2003). Leucopenia is the decrease in total WBCs count below 4,500/uL. Most
commonly, it is manifested as neutropenia or lymphopenia, which may indicate bone
marrow failure unless it due to immuno suppressive therapy (George-Gay and Parker,
2003; Tefferi et al., 2005).

Evaluation of both subtypes of WBCs granulocytes and agranulocytes is important.
Neutrophilia condition is the increase in neutrophils count and indicates bacterial
infection, or Chronic Myelocytic Leukemia (CML) in the case of sever elevation. One
of the principles in the differentiation of Neutrophilia is to distinguish between the type
of elevation, where there is an elevation in the segmented neutrophils when there is a
shift to right. This appears in cases such as burns, hemorrhage or injuries. Shift to left
means that there is an elevation in the band neutrophils, which is an indicator of
releasing immature cells into the circulation under the stress of acute bacterial infection

or some cancer. Eosinophils are the second type of granulocytes, and their increase
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which termed Eosinophilia is an indicator to multicellular parasitic infection. Basophiles
are the third type of granulocytes, they increase in allergic reactions, and the condition
is called Basophilia (George-Gay and Parker, 2003; Tefferi et al., 2005).

Lymphocytosis refers to an elevation in Lymphocytes counts occurs in the case of viral
infections such as Cytomegalovirus (CMV), mumps and acute leukemia. While the
increase in monocytes is called Monocytosis which is seen in certain malignancies in

addition to chronic infections (Tefferi et al., 2005).

The evaluation of the RBCs, Hgb, Hct and the red blood cells indices is also highly
informative in the CBC test. RBCs counts evaluate the oxygen-carrying capacity of
blood, and it is also critical to assess the bone marrow function especially in marrow
failure states. Erythrocytosis is the increase in the RBCs counts which may be observed
in many situations such as Polycythemia Vera or dehydration. This increase in RBCs
count is related to Hgb and Hct (George-Gay and Parker, 2003). Measurement of Hgb
and Hct in medical practice represents the initial methods for iron deficiency screening,
but additional laboratory tests are needed (Beutler et al., 2003). Hgb is a direct measure
of anemia while Hct is an indirect parameter for evaluation of anemia (George-Gay and
Parker, 2003; Tefferi et al., 2005, Carneiro et al., 2007). Red cell indices represents a
basic criterion for classification of many types of anemia. MCV is touchstone which
allows placement of anemia into one of the standard classification of macrocytic,
normocytic or microcytic anemia to narrow down the diagnosis of many types of
anemia (Irwin and Kirchner, 2001). MCV describes the RBC by size or volume which
is the volume in femto-liters of the average circulating RBCs (Godon et al., 2012;
Salisbury et al., 2012).

Usually, MCV lower than 75 fL is correlated with thalassemia which can predict the
disease by differentiating the type of anemia from thalassemia (Muncie and Campbell,
2009). Mean Corpuscular Hemoglobin (MCH) measures the average weight of Hgb in
an RBC and is correlated to MCV. They elevate and fall together, which is an evidence
on that cell counter is working properly (George-Gay and Parker, 2003).While Mean
Corpuscular Hemoglobin Concentration (MCHC) is a measure of the average
concentration of Hgb in an RBC per unit volume, and is considered a marker for some

diseases, spherocytosis as an example. Spherocytosis is a common inherited red cell
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membrane disorder resulting from mutation in gene encoding various red cell
membrane and skeletal proteins (Da Costa et al., 2013). RBCs indices are useful in
evaluation iron status, and assessing the need for iron supplementation during

erythropoietin treatment in the case of anemia of renal failure (Goodnough et al., 2000).

Platelets (PIts) or thrombocytes counts are a valuable parameter in CBC test. When
there is a decrease in the PLts counts which is a case known by thrombocytopenia, CBC
test may reveal the need for blood transfusion prior to surgical intervention, or even
constrain the clinician to cancel a main or alternative surgery for that patient (George-
Gay and Parker, 2003). Other causes of reduced PLts counts such as drug induced or
spurious thrombocytopenia which may result from Ethylen-Diamin Tetra Acetic acid
(EDTA)-induced aggregation and to platelet satellitism around polymorphs (Tefferi et
al., 2005; Zandecki et al., 2007; Tessier-Marteau et al., 2010). Increase in PLts counts
over than 1,000,000/uL in the circulation which is known as thrombocytosis could be
found as a result of physical stress, infection or in myeloproliferative disorders and
cancers such as hepatocellular carcinoma (George-Gay and Parker, 2003; Carr and
Guerra, 2013).

RDW, which stands for Red Distribution Width, represents the coefficient of variation
of MCV in terms of the degree of size variation or anisocytosis in the erythrocyte
population. Red cell distribution width is a new routine parameter in fully automated
hematology analyzers that can give an idea of early iron deficiency before other tests. It
gives an idea of red cell size variation which is the earliest morphologic changes in iron
deficiency anemia. In pre-latent and latent stage of iron deficiency MCV are normal.
Whereas in latent stages, RDW would be expected to increase because of a microcytic
population of cells appears in the blood. Hence, Iron deficiency anemia without other
complicating disease could be screened out early by increased RDW when RBC indices
are normal (Sandhaus and Meyer, 2002; Sultana et al., 2013). RDW is also important in
differentiating iron deficiency anemia and sideroblastic anemia from thalassemia, as
RDW is elevated in these conditions more than thalassemia (James, 2007; Muncie and
Campbell, 2009).

There is a continuous updating in hematology. In an unexplained iron deficiency

anemia, when Hgb is less than 11 g/dL, the Hgb and Hct are the most useful
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hematologic indices in significant pathologic endoscopy, while MCV is not (Schizas et
al., 2007). It was also observed that men with Hct and Hgb in the upper 20" percentile
are associated with increased risk for Venous Thrombo Embolism (VTE) compared to
men in the lower 40™ percentile, while MCV was not associated with VTE (Braekkan et
al., 2010) . Mean Platelets Volume (MPV) is increased in acute myocardial infarction. It
has been identified as an independent risk factor for future myocardial infarction and
stroke. Besides, an increasing MPV was identified as a predictor for VTE, in particular
VTE of unprovoked origin (Braekka et al., 2010). The increased Hct may result in
alteration in blood viscosity, leading to slow blood flow and then increased platelets
adhesiveness (Braekkan et al., 2010). Alpha thalassemia trait at birth can be predicted
by low MCV and MCH parameters in neonates (Hall and Lundgrin, 1987) which may
provide a practical and cost effective test in screening neonates for alpha thalassemia
when MCYV is less than 90 fL.

2.5. The Physiologic Basis of High-Altitude Hypoxia

Altitude is the vertical distance above sea level. Medium altitude is located between
1829 and 3048 m above sea level. High altitudes are higher than 3048 m above sea
level. As altitude increases, the barometric pressure decreases and oxygen partial
pressures become lower, reducing maximal oxygen uptake. In addition, temperature
drops at a rate of 1°C for every 150 m. Maximal oxygen uptake decreases as altitude
increases above 1600 m. Consequently, both medium and high altitude can adversely
affect performance in endurance activities, particularly in those who normally live at sea
level (Kent, 2013).

Inner altitude : it is how the alveolar PO, changes with barometric pressure while body
starts to sense the change in oxygen level and responds by increasing the breathing rate,
which occurs at around 5000 Ft (1500 meter), it is called physiologic altitude
(Gippenreiter and West, 1996).

As we gain more elevation we notice that there is a decrease in the atmospheric
pressure. Actually, the oxygen percent is the same at all altitudes (21%) but, it is 21%

with a smaller number of O, molecules as we go higher. At sea level, the barometric
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pressure is 760 mmHg, and at about 3000 meter, it is 534 mmHg. Breathing the air at
this altitude is equivalent to breathing air with only 15% oxygen at sea level, instead for
21%. At 4200 meter, the air contains 43% less oxygen than that at sea level (Table 2.1).
The volume of air we breathe into our lungs at high altitude contains less oxygen
molecules in each breath, because of the reduced air pressure (Pendse and Singh, 2005).
However, the hypoxic threshold depends on the ratio of ATP demand to aerobic
capacity (Connett et al., 1990). Figure 2.3 represents the relationship among altitude,

barometric pressure, and inspired PO, (West, 2004).

Hypoxia of cells are a basic mechanism of injury in the critically ill. A human response
to hypoxia that occurs from hypobaria creates the need to study the fields of high-
altitude medicine and physiology. A new model suggests that the physiological and
pathophysiological responses to special environmental challenges (for example,
hypobaric hypoxia, hyperbaria, microgravity, cold, and heat) may be similar to
responses seen in critical illness (Grocott et al., 2007). It is not unusual to assimilate
exposure to hypoxic condition to exercise, where alterations in active muscle glucose
uptake with training determine changes in the whole body glucose kinetics (Bergman et
al., 1999).
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Figure 2.3: Relationship among altitude, barometric pressure, and inspired PO, (West,
2004).
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Table 2.1:Barometric Pressure and Inspired PO, at Various Altitudes from (West, 2004;
Palestinian Meteorology Center, 2013).

Altitude, Barometric pressure, Inspired PO,, mmHg
meter mmHg (% of sea level)
-260 (Jericho) 786 155 (104)
0 (0) (sea level) 760 149 (100)
1000 (near Ramallah) 649 132 (89)
2000 604 117 (79)
3000 537 103 (69)
4000 475 90 (60)
5000 420 78 (52)
8848 253 43 (29)

2.6. Sensing Hypoxia

In addition to the activation of the Erythropoietin-Erythropoietin receptor pathway
(Epo-EpoR), there are several of physiological responses induced by tissue hypoxia.
The response of erythropoietin to hypoxia differs among individuals. Responses are
parallel and include the stimulation of new blood vessels by vascular endothelial growth
factor (VEGF) with other metabolic changes (e.g. glycolytic pathway enzymes) which
help to resume energy production despite insufficient oxygen delivery. It has been
proved that the most important mediator involved in these cellular response is a
transcription factor called hypoxia-inducible factor (HIF) which activates the genes that
influence the adaptation responses to hypoxia including those encoding Epo, glycolytic
pathway enzymes Transferrin receptors (TfR) and VEGF (Figure 2.4). Dimerization of
the two subunits of HIF (alpha and beta) under hypoxic conditions triggers series of
processes to restore the oxygenation state where hypoxia elevate the level of HIF-alpha
subunit by increasing protein stability. Ferrous iron prolyl hydroxylase is the oxygen
sensor that needs molecular oxygen as a co-substrate to hydroxylate specific proline
residue in the alpha subunits of HIF. When hydroxylated HIF-alpha subunits become
targets for ubiqutination by vHL protein and then for proteasomal degradation (
Hoffbrand et al., 2011).
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Figure 2.4: The Oxygen Sensing System. Ub, ubiquitination; vHL, von-Hippel Lindau

protein.

2.7. The 2, 3-DPG as a main regulator of Hemoglobin -02 binding

The function of Hgb is adjusted by the interaction with 2,3-diphosphoglycerate (DPG)/

BPG (figure 2.5), which represents an example of heterotropic allosteric modulation.
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2,3-Bisphosphoglycerate

Figure 2.5: 2,3-DPG structure (Nelson, 2008).

Erythrocytes contain relatively high concentrations of DPG. DPG function is to reduce
the affinity of Hgb for oxygen, where there is a reverse relationship between the binding
of oxygen and the binding of DPG. It binds Hgb at a site adjacent to the site of oxygen
binding and regulates the O, binding affinity of Hgb according to the pulmonary PO,
level. At high altitude DPG is very important in the adaptation processes because of the
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low PO; levels. At sea level for healthy individual, the binding of O, to Hgb is regulated
in which the amount of O, delivered to tissues is nearly 40% of the maximum that could
be transferred by the blood. When a man suddenly moves to 4500 m altitude from sea
level, the delivery of O, to tissues is reduced. After few hours, the DPG concentration in
his blood begins to elevate, causing decrease in Hgb-Oxygen affinity (Harmening,
2006; Nelson, 2008). This change in DPG level has a small effect on O, binding in
lungs and great effect on O release in tissues (Figure 2.6). This enhanced release occurs
regardless of pH or blood arterial oxygen level (Harmening, 2006). The situation is

reversed when the person returns to sea level (Lenfant et al., 1968; Nelson, 2008).

2.8. Erythropoietin at High Altitudes

Erythropoietin hormone is produced by peritubular complex of the kidney. It is
approximately 31,000 daltons (d) with plasma half-life between 6 and 9 hours. It may
be a sialic acid-containing glycoprotein. The production of Epo increases when there is
a decrease hemoglobin level, a hemoglobin structural problem in which oxygen is not
adequately released, or low ambient oxygen tension at high altitude (Demopoulos et al.,
1965; Harmening, 2006). There is little or no Erythropoietin (Epo) mRNA detected in
the kidneys under normoxic conditions, while hypoxia results in accumulation of Epo
within 30 minutes and levels can elevate to 200 fold over its baseline. The binding of
Epo to its receptors (EpoR ) results in signal transduction to the nucleus which leads to
constitutive erythropoiesis. When tissue oxygenation is low, the Epo level rises
stimulating RBC synthesis, and inhibiting the apoptosis of RBC precursors. Epo induces
dimerization of EpoR, triggering auto-phosphorylation and activation of (JAK2) Janus
family of protein tyrosine kinases, which is essential for erythropoiesis. Epo response to
hypoxia is modified by altitude acclimatization. Higher 2,3-DPG levels could partly
explain the decreased sensitivity of the Epo response to hypoxia. Altitude
acclimatization modifies the control of erythropoiesis not only at sea level, but also
during a subsequent hypoxia (Savourey et al., 2004). However, Epo production, during
altitude training, needs to be evaluated in larger future studies ( Hoffbrand et al., 2011;
Son et al., 2012).
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Figure 2.6: Effect of DPG Hgb-O dissociation curve (Nelson, 2008).

At sea level, Hgb, to some extent, is saturated with O, in the lungs, but just over 60%
saturated in tissues. Hence, the O,% that released in the tissues is about 38% of the
maximum that can be transferred by blood. At high altitudes O, delivery is plummet by
about 25%-30% of maximum. An increase in DPG concentration (Goodford et al.,
1977; Quatrini et al., 1993) decreases the affinity of Hgb to O, so approximately 37% of
what can be carried is restored again to body tissues (Nelson, 2008).

2.9. Hepcidin and Hypoxia

Hepcidin is a small peptide (25 amino acids) with several isoforms and it is released
from a large pre-pro-peptide of 84 amino acids. It is a product of the HAMP gene on
the long arm of chromosome 19. It is mainly expressed in liver and functions to regulate
iron hemostasis by binding to ferroportin inhibiting iron absorption in intestines, iron
release from macrophages and iron transport across the placenta (Figure 2.7) (Beutler
et al., 2003). Hepcidin is regulated by many factors. High plasma iron and inflammation
stimulate Hepcidin synthesis. Conversely, low plasma iron, increased rates of
erythropoiesis and hypoxia (including hypobaric hypoxia at high altitude) inhibit its
production (Figure 2.8). Therefore, iron absorption is increased at high altitude (
Hoffbrand et al., 2011).
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transporter inhibiting iron absorption in intestines and iron release from macrophages

(Weiss and Goodnough, 2005).
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Figure 2.8: Hepcidin regulation (adopted from Hoffbrand et al., 2011).

2.10. High Altitude and oxidative stress

Mammalian cells are capable of adapting to chronic or repeated stress by regulating
protective systems such as their proteasomal proteolytic capacity to remove oxidized
proteins. Repeated stress adaptation can result in significant extension of adaptive
responses. Repeated stress must occur at sufficiently long intervals for adaptation to be
successful, and the levels of both repeated and chronic stress must be lower than it is
optimal for adaptation to acute stress. Although both repeated and chronic stress can be
tolerated, they may result in a shorter life, however, high-altitude trekking is associated
with increased blood oxidative stress (Martinez et al., 2005; Dosek et al., 2007; Miller
et al., 2013). During chronic exposure to high altitude, humans could exhibit an
effective adaptive response to oxidative stress by accelerating the antioxidant defense.
Hence, strengthening the antioxidant defense could be an effective strategy to get rid of
free-radical-mediated pathophysiological alterations and enhance acclimatization to

oxidative stress (Vij et al., 2005). It Also decreases in animals fertility at a high altitude
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may due to oxidative stress with hypoxia on anatomical and functional corpus luteum
(Parraguez et al., 2013).

2.11. Biochemical changes at high altitude

Pre analytical variables, which may affect laboratory test values, are classified into two
main categories: those that are controllable and those that are not. Non controllable
variables include environmental factors such as altitude , ambient temperature, and
place of residence. Erythrocytes demonstrate increase in 2,3-DPG level at high altitude.
The increased erythrocyte concentration leads to an increased turnover of
nucleoproteins and excretion of uric acid. The increase in uric acid levels appears to be
caused by increased urate generation secondary to systemic hypoxia, although a relative
impairment in renal excretion also may contribute to it (Jefferson et al., 2004).

The fasting basal level of growth hormone concentration is high in individuals living at
high elevations (Carl, 2001).

There are three possible catabolic fates of the pyruvate formed in glycolysis, one of
them is reduction to lactate via lactic acid fermentation. When vigorously contracting
skeletal muscle must function under low Oxygen conditions (hypoxia), NADH cannot
be re-oxidized to NAD", but NAD" is needed as an electron acceptor for the next
oxidation of pyruvate. Under these circumstances pyruvate is reduced to lactate,
accepting electron from NADH and, thus, regenerating the NAD" required for
glycolysis to be resumed (Nelson, 2008). Blood lactate concentration during exercise
decreases after acclimatization to high altitude (Bender et al., 1989), which is due to a
reduction in anaerobic glycolysis (Green et al., 1989). In addition to Hct and Hgb,
glucose, LDH, Triglycerides, and Insulin levels showed that there are significant
differences pre-exercise due to the area (altitude) variation among soccer players in
Palestine (Albahsh, 2001).

Hormones (thyroid, catecholamines, and cortisol), iron status (serum iron, ferritin,
transferrin, and haptoglobin) and renal function (creatinine, renal, osmolar, and free-
water clearances) do not significantly vary except for lower thyroid stimulating
hormone at sea level. Altitude acclimatization modifies the control of erythropoiesis not

only at sea level, but also during a subsequent hypoxia (Savourey et al., 2004).
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Testosterone is a hormone that regulates erythropoiesis and ventilation, it could be
associated to the processes of acclimatization and adaptation to high altitude. Excessive
erythrocytosis, which leads to chronic mountain sickness, is caused by low arterial
oxygen saturation, ventilatory inefficiency, and reduced ventilatory response to
hypoxia. Testosterone increases during acute exposure to high altitude and also in
natives at high altitude with excessive erythrocytosis. Results of current research allow
to conclude that increase in serum testosterone and hemoglobin is adequate for
acclimatization, as they improve oxygen transport, but not for high altitude adaptation,
since high serum testosterone levels are associated to excessive erythrocytosis
(Gonzales, 2011).

2.12. Physiological changes at high altitude

Most people working or living at an altitude of 4000 m experience an increased number
of arithmetic errors, reduced attention span, and increased mental fatigue. The
molecular and cellular mechanisms responsible for impaired mental performance during
hypoxia are poorly understood (West, 2004). Human body must adjust to the lower
oxygen levels, and this process of adjustment is called acclimatization. Many changes
occur in human body during acclimatization. One of the first things that could be
noticed is that faster and deeper breath to take in more oxygen. Therefore, man might
feel short of breath for the first 2-3 days, especially with physical activity. Some
shortness of breath with exercise is normal. Heart rate also increases to supply more
oxygenated blood to the tissues, and this might be noticeable during the first few days.
After that, it goes down towards a more normal rate. Increased urination is a response to
changes in body's acid/base balance and helps in the acclimatization process. This is
usually noticeable on the second day. Some people experience mild swelling in their

hands, feet, and face, which is not serious (Hackett, 2013).

Trouble sleeping is usually common at high altitude as the low oxygen directly affects
the sleep center of the brain. Frequent awakenings, the main problems are light sleep
and less total time of sleep, and these usually improve with acclimatization after a few
nights. Some persons, however, are expected to have some troubles in sleeping despite
acclimatization. (Hackett, 2013)
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Chapter Three: Methods and Materials

The aim behind this chapter is to provide an overview of the methodology followed in
this study, namely research questions and hypothesis, setting and participants, materials,

and data analysis.

3.1. Research questions and hypothesis

Based on the objectives stated above, the present study sets out to seek answers to the
following research questions :
1. What is the CBC of those who live below sea level?
2. Is there any difference between the CBC parameters of those living below sea
level and those living above sea level?
3. Is this difference (if present between the two groups) resulted from the
altitude difference or related to other causes?
4. To what extent can this altitude affect the CBC parameters?
5. Do we need to establish reference range for those living in Jericho if differing

from those living in Ramallah?

In order to attain the above objectives, and with these research questions in mind, the

following hypothesis is derived in the light of the literature review:

Hypothesis:  Oxygen partial pressure (POy) in the air is the main factor that influence
Erythropoietin (Epo), Erythropoiesis (Red Blood Cells Production), and Hemoglobin
(Hgb) synthesis. The regulation of intensity of erythropoiesis depends on the level of
PO, in the kidneys, in addition to an inverse relationship between PO, and

erythropoiesis. Jericho is located 300 m below sea level with PO, 155 mmHg. Ramallah

33



city is located 900 m above sea level with 132 mmHg. This difference in PO;
availability does it lead to differences in CBC parameters?

3.2. Setting and participants

This study was designed to evaluate the effect of living below sea level on blood
parameters by comparing CBC parameters of people living below and above sea level.
It is also targeting to assess if there is a need for a new hemogram reference range for

those living below sea level.

Four secondary schools were chosen for the study: Two in Jericho and two in
Ramallah. Hisham Bin Abd-EL-Malik Boys School and Ali Bin Abee Talib Boys School
in Jericho, and Ramallah Secondary Boys School and AL-Bireh New Secondary Boys
School in Ramallah. Eleventh and twelfth grade male students were targeted for this
study, where the age of students ranged from 16 to 19 years. Three hundred-twenty
students were chosen as a convenient random sample from a total of 1201 students; 814
from Ramallah and 387 from Jericho. Any subject with a CBC parameter beyond mean
+ 3 Standard Deviations (SD) was excluded (Natrella, 1963; Osborne, 2004) and
accordingly, 23 of them were excluded (Annex IA and IB). Table 3.1 describes the
distribution of participants among the chosen schools. Evaluating and verifying applied
reference ranges requires at least 120 reference individuals (Emerk, 2008; Gary , 2008).

Six months of residency in the place was a criterion for selecting the participants.

Table 3.1: Sample distribution according to residency place and class.

Place
Jericho Ramallah Total
Number of % Number of % Number of %
students students students
Class 11 81 55.48% 89 58.95% 170 57.5%
12 65 44.52% 62 41.05% 127 42.5%
Total 146 100% 151 100% 297 100%
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The study was conducted in February 2013. Upon pre-coordination with the heads of
schools, two visits were scheduled to those schools by the researcher before sample

collection in order to identify the logistic hurdles and to plan how to overcome them.

3.2.1. Sample collection

Samples of Jericho schools were collected and tested firstly, whereas the samples of
Ramallah schools were collected and tested in the second round. The site of vein
puncture was swabbed with 70% isopropanol (Ruth, 2012). 3 mL venous blood was
collected from each participant in KsEDTA as an anticoagulant according to the
guidelines of ICSH (1982). A rack was used to hold the blood samples in an upright
position. A 20 liter refrigerator containing ice bags and digital thermometer was used

for transporting the samples to the laboratory for testing.

The time between sample collection and testing was about 5.30 and 8 hours. The
temperature range in the refrigerator during transportation of Jericho samples was
between 3.1 Celsius and 7.1 Celsius, while it was between 3.0 Celsius and 6.6 Celsius

during transportation of Ramallah samples.

3.3. Questionnaire

The aim behind using the questionnaire is due to different reasons. Questionnaire has
many advantages: collecting a huge number of data in a short time, not very expensive,

and data processing can be very fast, mainly by using some computer’s software.

The study questionnaire shown in Annex Il was administered in January 2013. Part one
included demographic and socioeconomic information about the participant such as,
place, and date of birth. While part two included twenty three questions focusing on life
style and anthropometric measures. As it was mentioned above, four secondary schools
were chosen to conduct the study, two in Jericho city and two in Ramallah city. Every
school has been visited before sample collection and questionnaires were distributed in

the school.
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The questionnaires were answered by the targeted students in their class rooms under
the supervision of the researcher after coordination with the school director and social
specialist of each school. They were told that there were no right or wrong answers and
their confidentiality is secured, and that their answers would be used for the study only.
Besides that, the questionnaire was administered in the Arabic language, as the level of
the students in English does not allow them to understand this instrument properly and,
therefore, would negatively affect the answers and the results of the study. The
respondents were also asked to answer each item honestly based on their own
experience. Eleventh and twelfth grade students were targeted during this study, where

the age of students ranged from 16 to 19 years.

Three hundred and twenty students agreed to participate in the study: one hundred and
sixty two in Ramallah and one hundred and fifty eight students in Jericho. All of those
who were qualified and agreed to participate in this study had filled the questionnaire
and donated a blood sample after a consent form was signed by the students guardians
(Annex V). Permission by the ministry of education and heads of schools to conduct
the study was also obtained (Annex I11). The study was approved by the ethical research

committee at Al-Quds university.

36



3.4. Materials

Table (3.2) shows the materials and equipment used in the study.

Table 3.2: Materials used in the study.

Number Item Manufacturer

1 Needles, 21 G and sharps disposal containers BD Microlance

2 Syringes 5 mL OMG

3 Tourniquet | s

4 Gloves e

5 70% isopropyl alcohol swaps | ememmemememeeees

6 Sterile gauze swaps and alcohol dressings |  -m-mmmmmmememeeees

7 Racks | e

8 Pen, Watch and logbook | e

9 10 liter refrigerator and ice pieces GTN

10 Digital thermometers | s

11 Fresh venous whole blood | e

12 K3EDTA tubes Meus sacco, Italy
13 Hematology control blood (MEK3DN) Nihon Kohden, USA
14 Automated cell counter (Nihon Kohden-Cell Nihon Kohden, Japan

tack alpha,6410).

3.4.1. KsEDTA tubes

K3EDTA tubes were used for blood collection for analysis of Complete Blood Count
(CBC) by automated hematology analyzer, MEK-6410, Nihon Kohden, Japan,(figure
3.1). There was no under-filling or overfilling of the blood tubes. Samples were stored
in transporting refrigerator containing ice bags and digital thermometer. Upon arrival to
the laboratory, CBC was performed at room temperature. The hematological analyzer
was calibrated in routine fashion, and calibration was checked using control blood
provided by the manufacturer where results were within acceptable range. A CBC was
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performed on each sample, the data of the parameters Hgb, Hct, RBCs count, MCV,
MCH, MCHC, RDW, WBCs count, and PLts count were compiled.

3.4.2. QC and Calibration of the cell counter

Quality control and performance of the cell counter was monitored using hematology
control blood (MEK3DN), counted 9 times consecutively. Coefficient of Variation
(CV%) was obtained using the built in software for the measured parameters, and found
consistent with the specifications by the manufacturer of the machine (Table 3.2)
(Kohden, 2006 a). Other accuracy parameters (The Circuit and Background Noise) was
checked before calibration and done using hematology control prior to test the study
samples. The measured values were within the range of the target values as provided by
the manufacturer (Kohden, 2006 a).

Aljabali (2011) evaluated the CBC results according to the types of cell counters that
are used in Palestine. We can conclude from his study that Nihon Kohden Celltac alpha
attained the highest percentage of excellent performance (Aljabali, 2011). Additionally,
it was found by other researchers in Palestine that Nihon Kohden Celltac alpha machine
is one of the best cell counters which are available in Palestine (AL-Younis, 2006;
Joubeh, 2008).

Figure 3.1: Automatic analyzer with 18 parameters and WBC 3 part differential. MEK-6410
Cellitac@, Nihon Kohden, Japan.
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Table 3.3:CV% for the measured parameters to control blood (MEK-3DN) before

testing the study samples.

Measured Parameter CV% according to Measured CV% prior to
manufacturer testing samples
WBC < 2.0% 1.8%
RBC <1.5% 1.6%
Hgb <1.5% 0.6%
Hct --- 1.4%
MCV <1.0% 0.3%
RDW --- 1.2%
PLts <4.0% 3.3%

The traditional methods for white and red cell counting have been based on direct
hemocytometry of diluted blood in a counting chamber; however, the imprecision and
inaccuracy of this technique renders it unsuitable as a reference method (England,

1994).

Nowadays, cell counts on multi-channel automated analyzers are obtained by the
number of pulses generated by cells in suspension, when they pass through a small
orifice located between two electrodes (aperture impedance/coulter principle) (Figure

3.2) (Lewis et al., 1991; Graham, 2003; https://www.beckmancoulter.com/ 2013).

The used hematology analyzer uses the volumetric impedance method of cell counting.
In this method, an electrolytic solution (diluents) containing suspended blood cells is
aspirated through the aperture. Two electrodes, an internal electrode and external
electrode, are located close to the aperture and a constant current flows between them.
When a blood cell passes through the aperture, the resistance between the electrodes
momentarily increases and a very small voltage change occurs corresponding to the
resistance. The voltage signal is amplified and is sent to the electronic circuit (Kohden,

2006 b).
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A threshold circuit eliminates signals caused by electrical noise, dust, debris, and
particles which are smaller or larger than blood cells. The signals are sent to A/D
converter. The acquired data is stored in memory . The data is corrected by CBU and
displayed on the screen. When two or more cells pass through the aperture at the same
time (coincidence) (ICSH, 1988; England, 1994), the software contains a coincidence
correction table to compensate for this. Blood cell counts, Hgb, and Hct are detected by
electrical resistance, surfactant (colorimetric method), and histogram calculation

respectively. RDW also is detected by histogram calculation (Kohden, 2006 b).
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Figure 3.2: Impedance aperture (Google, 2013).

This diagram illustrates the Coulter Principle. The cells in the conductive diluent
stream through the aperture within the sensing zone of the electrical field. The cells are
counted and sized by the pulse generated (Graham,

2003;https://www.beckmancoulter.com/ 2013).
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3.5. Data analysis

At the data processing stage, raw data were reviewed and stored in both forms hard and
soft copy. Software version 20 (IBM-SPSS statistics) was used for the statistical
analysis. Exclusion criteria applied for every subject has a parameter value located
beyond three standard deviations (Natrella, 1963; Osborne, 2004), and cases of chronic
disease, heavy smokers, recent blood transfusion, and less than 6 months residency in
the place. Accordingly, 23 cases were excluded, and thus 297 students were included in
the study. Independent sample t-test was used for calculation of significant differences
between two means, along with simple linear correlation. Besides, the statistical

significance was set on the level of 0.05 (95%) for all statistical procedures.
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Chapter Four: Results

4.1. Study sample and distribution of the questionnaire

In order to evaluate the CBC of those living below sea level in Palestine, along with
comparing their CBC results to those who reside above sea level, two cities were chosen
to conduct this study: Jericho city, which is located about 300 meters below sea level,
and Ramallah city, which is located about 900 meters above sea level.

There are four governmental schools included in the study. The distribution of the
schools was based on two schools in Jericho, and two schools in Ramallah. One
hundred questionnaires were administered in each school at the beginning of February
2013. The objective of the questionnaire was to collect basic socioeconomic
information about the participants such as; smoking, chronic diseases, the residency

period in the place, life style, and anthropometric measures.

Table 4.1: Distribution of participating students according to their city location and

school grades (class) where N is the number of students.

City location Participants in the study
school Grades/ Classes Total
117 127 N %
Jericho 81 65 146 49.2
Ramallah 89 62 151 50.8
Total 170 127 297 100

However, a total of 320 students accepted to participate in the study and, therefore,

filled the questionnaire. According to the criteria of exclusion 297 of them were fit to be
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included in the study. One hundred and forty six students (49.2%) from Jericho, and one
hundred fifty one students (50.8%) from Ramallah. One hundred and seventy students
(57.2%) belong to eleventh grade, and one hundred and twenty seven students (42.8%)
belong to twelfth grade in both groups. Table 4.1 summarizes the distribution of the
study sample between the two cities and school grades, whereas table 4.2 describes age
range of the participating students. The age range was 16-19 years.

Table 4.2: Age range of the participants in the study

Age Frequency Percent
16 24 8.1%
17 137 46.1%
18 130 43.8%
19 6 2.0%

Total 297 100%

4.2. Statistical analysis

4.2.1. Analysis of the questionnaire

(Annex 1) illustrates the most important information derived from the questionnaire.
More than two thirds of the total sample came from cities and about 24% from camps.
More than 99% of the students are residents in the places for six months or longer
periods. The number of over-weight and obese students is higher in Ramallah (27%)
than in Jericho (17%). Consequently, BMI differs significantly between the two groups
in favor of Ramallah group (P=0.006, table 4.3). Thirty-three percent of participants are

smokers and 27.6% of them smoke more than 20 cigarette per day .

4.2.2. Analysis of data (CBC parameters)

For testing the difference between parameters, t-test between two means for
independent samples were used. Table 4.3 shows the means of CBC parameters

between the two groups.
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It was found that there is a statistically significant differences between the means of
RBCs counts (P = 0.005), Hgb concentration (P = 0.001), Hct (P = 0.002), Plts counts
(P = 0.000) and BMI (P = 0.006) between the two groups of the study. This difference
is due to the altitude difference (Figures 4.1, 4.2, 4.3, 4.4, 4.5). This means that Jericho
subjects have lower values for RBC, Hgb, and Hct, while they have higher values for
Plts count. This justifies the need for further study to modify the reference range for

these parameters for the population living in Jericho.
There are no significant differences between the means of WBC, MCV, MCH, MCHC,

and RDW parameters of the two groups (P > 0.05) due to altitude variation (about 300

meters below sea level and about 900 meters above sea level).
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Table 4.3: Results of t-test for the differences between two means of CBC parameters

in the two study groups.

Parameter | PLACE N Mean Std. Deviation P. value

Jericho 146 7.1 1.7 0.446

WBC k/uL
Ramallah 151 7.0 1.6
Jericho 146 5.2 .36

RBC 10%/uL 0.005*
Ramallah 151 53 37
Jericho 146 14.9 1.0

HGB g/dL 0.001*
Ramallah 151 15.3 1.0
Jericho 146 43.6 2.6

HCT % 0.002*
Ramallah 151 44.6 2.6
Jericho 146 84.0 4.2

MCV fL 0.840
Ramallah 151 84.0 3.9
Jericho 146 28.6 1.8

MCH pg/cell 0.710
Ramallah 151 28.7 1.6
Jericho 146 34.0 .69

MCHC g/dL 0.051
Ramallah 151 34.2 .58
Jericho 146 290.2 67.9

PLT k/pL 0.000*
Ramallah 151 260.6 545
Jericho 146 10.6 A4

RDW % 0.510
Ramallah 151 10.6 A2
Jericho | 146 590 T 33 '

BMI 0.006*
Ramallah 151 23.3 3.7

*P, value shows significant difference
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Figure 4.1: Distribution of RBCs counts of the two groups, below sea level (Jericho

group) and above sea level(Ramallah group), P = 0.005.
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Figure 4.2: Distribution of Hgb concentration of the two groups, below sea level

(Jericho group) and above sea level (Ramallah group), P = 0.001.
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Figure 4.3: Distribution of Hct of the two groups, below sea level (Jericho group) and

above sea level (Ramallah group), P = 0.002.
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Figure 4.4: Distribution of PLT counts of the two groups, below sea level (Jericho

group) and above sea level (Ramallah group), P = 0.000.
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Figure 4.5: Distribution of BMI of the two groups, below sea level (Jericho group) and

above sea level (Ramallah group), P = 0.006.

4.3. Results of t-test for reference ranges: a comparison of this study and

international ones.

Reference ranges of the main CBC parameters for our study were compared with the
international reference ranges that were derived from valued references using t-test
(Harmening, 2006; Hoffbrand et al., 2011; Mayoclinic, 2013).

Table 4.4A shows a comparison of reference ranges of main CBC parameters for our
study in Ramallah group with international ones for adult males (n =151, age = 16-19

years).

There are statistical significant differences between reference range for WBC counts in
our study and those derived from Hoffbrand study and Harmening study (P < 0.01, <
0.001) respectively. Computed t-test values on RBC counts with all the three:
Hoffbrand , Harmening and Mayoclinic studies were ( P < 0.001). This means that there
are significant differences between our study and international studies in RBC reference

range.
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For Hgb parameter P value was less than 0.01 when comparing our study with
international ones. This means that Hgb reference ranges in our study is statistically
different from international reference range. There was a significant difference between
MCYV reference range when compared with Hoffbrand , and Harmening, taking into
consideration that P value was less than 0.001 in both studies. There is a significant
difference in PLT counts between our study and Hoffbrand , Harmening and Mayoclinic
studies with ( P < 0.05, < 0.05, < 0.001) respectively.

Table 4.4A: Comparison of some CBC reference ranges for our study in Ramallah (n
=151, age =16-19 years) with international ones for adult males using t-test.

Hoffbrand | Harmening | Mayoclinic | Our study
Parameter Book Book Study
WBC k/uL 4.0-11.0 4.8-10.8 3.5-10.5 3.7-10.3
P value <0.01 <0.001 > 0.05
RBCloalpL 4.5-6.5 4.5-6.1 4.32-5.72 4.6-6.1
P value <0.001 <0.001 <0.001
Hbgm/dL | 13.5-17.5 | 14.0-18.0 13.5-17.5 | 13.3-17.2
P value <0.01 <0.01 <0.01
MCV fL 80-95 80-100 NA 76-92
P value <0.001 <0.001
Platelet k/uL | 150-400 150-350 150-450 152-370
P value <0.05 <0.05 <0.001

NA= Not available, K = Kilo, uL= microliter, gm = Gram, dL=Deciliter, fL= Femtoliter.
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Table 4.4B shows a comparison of reference ranges of main CBC parameters for our

study in Jericho group (n =146, age =16-19 years) with international ones for adult

males.

Table 4.4B: Comparison of some CBC reference ranges for our study in Jericho (n =

146, age = 16-19 years) with international ones for adult males using t-test.

Hoffbrand | Harmening | Mayoclinic | Our study
Parameter Book Book Study
WBC k/pL 4.0-11.0 4.8-10.8 3.5-10.5 3.7-10.6
P value <0.05 <0.001 > 0.05
RBC10%/uL 4.5-6.5 4.5-6.1 4.32-5.72 4.5-5.9
P value <0.001 <0.05 <0.01
Hb gm/dL 13.5-17.5 | 14.0-18.0 13.5-17.5 | 12.8-16.9
P value <0.001 <0.001 <0.001
MCV fL 80-95 80-100 NA 76-92
P value <0.001 <0.001
Platelet kiuL | 150-400 150-350 150-450 154-422
P value <0.01 <0.001 <0.05

NA= Not available, k = Kilo, uL= microliter, gm = Gram, dL=Deciliter, fL= Femtoliter.

There are significant differences between reference range for WBC counts in our study
and those adopted from Hoffbrand (2011) study and Harmening (2006) study ( P < 0.05
< 0.001) respectively. Computed t-test values on RBC counts with all the three:
Hoffbrand, Harmening and Mayoclinic studies were ( P < 0.001, < 0.05 < 0.01)
respectively. This means that there are significant differences between our study and

international studies in RBC reference range.

P value for Hgb parameter was less than 0.001 when compared between our study and
international ones. This means that Hgb reference ranges in our study is statistically
different from international reference range. There was significant difference between
MCYV reference range when compared with Hoffbrand (2011) and Harmening (2006)
were P value was less than (0.001) with both studies. There is a significant difference in

Plts counts between our study and Hoffbrand, Harmening and Mayoclinic studies with (
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P < 0.01, < 0.001, < 0.05) respectively. These findings justify the need to establish our
own CBC reference ranges.
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Chapter five: Discussion

5.1. Introduction

CBC is a highly informative multi-parameter test which helps in diagnosing many
hematological and non-hematological conditions. Clinicians usually use it as a primary
investigation to evaluate the human body state. CBC is usually used as a screening test
for asymptomatic individuals, and with differential leukocyte count (DIFF) is an
important part of clinical laboratory analyses Where it provides crucial data for
clinicians (George-Gay and Parker, 2003; Cornet et al., 2012).

Total pressure of all gases in the air "barometric pressure” decrease while the altitude
increases. By reducing barometric pressure, there is a proportional reduction in the
oxygen partial pressure, which is always consisted of less than 21% of total barometric
pressure. When the function of erythropoietin is normal, hypoxia causes increase in
erythropoietin secretion from the granular juxtaglomerular cells in kidneys, which
stimulates erythrocytopoiesis (Harry, 1964). When a man is moved from the low
oxygen atmosphere, there is an increase in the value of oxygen that is transported to

tissues above normal value and, thus, erythropoietin secretion stops immediately.

For the first time in Palestine, this study was designed to evaluate the CBC of those
people who live below sea level, and comparing them with those who live above sea
level. The importance of this study lies in providing more effective answers to the
clinical request and helping clinicians in more accurate understanding and interpretation
for the CBC results. Additionally, provide affluent for the literature with such

unavailable data. It is also aimed to some extent at assessing the need for a new own
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CBC reference range for those living below sea level. Because the effect of living below
sea level on CBC parameters is not sufficient and not well studied before, this study
aimed at bridging this gap, where we depicted the CBC parameters for those living
about 300 meter below the sea level. Additionally, local reference ranges of CBC
parameters were compared with international ones to evaluate the applicability of the

used reference ranges on the young adult males.

Four secondary male schools were chosen for the study, two located about 300 meters
below sea level, and two located about 900 meters above sea level. 320 participants
were randomly chosen with age ranged from 16 to 19 years old. The nine basic
components of CBC which tracked in this study are: WBCs, RBCs, Plts, Hgb, Hct,
RDW, and red blood cell indices MCV, MCH and MCHC.

5.2.Results of our study

At above sea level, our study results revealed that there is a significant increase in Hgb
concentration, RBC counts and Hct levels compared to those living below sea level.
These results are consistent with many previous studies: (Harry, 1964; Levine and
Stray-Gundersen, 1997; Makeshova et al., 2004; Savourey et al., 2004; Spicuzza et al.,
2004; Christoulas et al., 2011; Al-Sweedan and Alhaj, 2012). The reduction in oxygen
saturation at high altitude stimulates excessive erythrocytosis as a result of the increase
in erythropoietin stimulation. This may be an important factor promoting erythropoiesis,
but its relevance needs to be further explored. It is suggested that in population living at
high altitudes, long-term adaptation to hypoxia gives rise to an original mechanism of
erythropoiesis regulation when all coming iron participates in hemoglobin synthesis
without iron deposition. Under hypoxic hypoxia, regulation of erythropoiesis is directed

to prevention of tissue hypoxia.

The increment in erythropoiesis rate and Hgb synthesis at high altitude is due to
elevation in the erythropoietin secretion that is caused by hypoxia state. Restoration of
the appropriate oxygenation status in the arteries is the goal of these complicated
mechanisms through the increase in oxygen-carrying capacity. This allows for lower
cardiac output and therefore more peripheral diffusion time and oxygen extraction

(Levine and Stray-Gunderse, 1997). There are many studies describing the mechanisms
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of acclimatization to high altitude and its effect on Complete Blood Count CBC
parameters and on athlete's performance. Mostly, these studies stating that there is
increase in Hgb concentration, erythropoiesis and erythropoietin secretion at high
altitude with no significant differences between the two genders (Al-Hashem, 2006;
Windsor and Rodway, 2007; Clark et al., 2009; Al-Sweedan and Alhaj, 2012; Gough et
al., 2012), while there is infrequency in the data available about the effect of living
below sea level on CBC test results (Al-Sweedan and Alhaj, 2012).

The increase amount of Hgb in acclimated person make possible that one liter of blood
at high altitude can hold out the same level of oxygen as at the sea level. There are data
that in the process of acclimatization the level of myoglobin in the muscles and the
number of capillaries increase which also help in the oxygen utilization. Although many
researches were done to define optimal conditions of the acclimatization, this matter has
not been completely solved yet.

Al-Sweedan and Alhaj (2012) stated that males who lived above sea level had a higher
Hgb concentration, MCV, and WBC count than males who lived below sea level. On
the other hand, males who lived below sea level had higher platelet count and RDW
than males who lived above sea level. Their results for Hgb, Hct, RBCs and platelets are
consistent with our findings. Higher means of WBC counts and MCV at above sea level
may reflect selection of unhealthy individuals, as the range of WBC among their
subjects was 3.2-26.3 k/uL. Additionally, Hgb range for the same group was 10.3-17.9
g/dL which also does not reflect healthy status in adults. They did not explain also on
what statistical basis they excluded the outliers, as we did in our study. Al-Sweedan and
Alhaj (2012) subjects aged between 18-35 years old, who had reported to the blood
bank at King Abdullah University Hospital (KAUH)/ Irbid and Ministry of Health,
Jordan, in eighteen month period, which may reflect high variation in the study sample.
Our study sample groups were well uniformed at many levels including age group,
residency place and period, genetic background, advance preparation of the subjects,
and time of sampling and phlebotomy procedure. This gives advantage to our study in
its rigor and reliability to be considered as an original research report evaluating the

CBC parameters for those who live below sea level in Palestine.
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Our findings for Hgb and Hct also agree with Albahsh (2011) findings although they

measured Hgb and Hct manually.

There is a conflict between the limited studies in the literature about the effect of
altitude on PLT counts. In our study, Plts counts in below sea level were significantly
higher than in above sea level students, which can be explained by various factors
including iron stores of the subjects. It is easier to interpret the lower Plts at high
altitude than to explain the higher Plts at low altitude. At high altitude there is a
decrease in plasma volume (Heinicke et al., 2003) and increase in erythrocytes
(Spicuzza et al., 2004; Li et al., 2011). This may contribute to higher blood viscosity
and slow blood flow. These acclimatization changes may lead to tendency to
thrombosis, and it is proven that polycythemia, both primary and secondary, is related
to thrombosis (Fujimaki et al., 1986). Lower Plts counts at high altitude may be
considered as natural mechanism defense against this risk to thrombosis with unknown
etiology(Al-Sweedan and Alhaj, 2012). Our results which showed increase in Plts at
below sea level are in agreement with the results of Al-Sweedan and Alhaj (2012), the

only study was formerly discussed the CBC at below sea level.

There are significant differences between the two groups in BMI (P = 0.006). There is
increase with body mass index in Hgb concentration in both men and women, but this

change is not enough to cause significant differences (Nordin et al., 2004).

These findings justify the need to modify the reference range for Hgb, Hct, RBC, and
platelets for those living below sea level. This modification gives better interpretation of

results for the clinicians.

5.2.1. Reference ranges of our study in comparison with the international studies

There are many ongoing studies for defining reference interval throughout the world in
general, and several projects throughout Europe in particular. It is now a proven fact
that there is considerable variation in hematology reference ranges depending on
demographic and pre-analytical variables. There are evidences which state that values
provided by manufacturers are not appropriately applicable for all populations.

Moreover, reference ranges provided by deferent laboratory manuals and books also do
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not solve this problem. We are evaluating in this study CBC reference ranges for 16-19
years old Palestinian males. Results from this study showed that almost all CBC
parameters in both Ramallah and Jericho differ significantly from those in the
international studies. This justifies the need to establish our own reference ranges for

this age group and for adult male population in general.

Before this study, there was no published data available locally on the normal reference
ranges of CBC parameters in healthy young adult males. Reference ranges are necessary
in hematology to compare observed values and to provide meaningful information. It is
of high importance to establish our own reference ranges before interpreting any results
to clinical setting. Lack of clarity between normality and abnormality in laboratory
results continues to cause difficulty in interpretation of patient results (Wakeman et al.,
2007). Perfect adherence to the ICSH recommendations is almost impossible.
Nevertheless, it is important that all laboratories should construct their own local
reference ranges for their specific analytical systems before cost effective clinical
decisions can be made (Trowbridge et al., 1989). Variances in the ethnic composition of
the local society should also be considered when establishing a reference range
(Wakeman et al., 2007). The diversity of the population in this study was very low

which reflects the local population.

Reference ranges for near normally distributed parameters were calculated using = 2
SDs (Wakema et al.,, 2007). Results of our study demonstrated that there were
significant differences for majority of CBC parameters from other international
published data (Tables 4.5A and 4.5B) which confirms that a local establishment of

reference ranges are essential for any population (Milman et al., 2001).

The ranges of Hgb and RBC showed significantly lower levels than the international
ranges in general. This may require re-identification of the normality limits to

differentiate anemic from normal individuals in this age group.

The literature and the manufacturer's reference ranges should only be used as a guide,
and the reference normal results should match with the local population (Roshan et al.,
2009). Based on our results, we have derived new values that can discriminate

microcytic from macrocytic erythrocytes in this age group. Reference range of MCV is
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different in comparison with the one provided by the manufacturers or laboratory
manuals. Formerly, we were using the MCV value of 80 fL to differentiate between
normocytic and microcytic cells, however, our results assess that it has to be changed to

76 fL for this age group.

Range of WBC counts in both groups showed significant decrement when compared
with the international ranges. However, leucocyte counts are at their lowest in the
morning (Wakeman et al., 2007), it is when the samples of our study were collected, in
addition to other factors including the advance preparation of the participants who were
asked to avoid stress such as exercise, selecting healthy students, and exclusion of

outliers.

Reference limits determined for Plts counts in Ramallah are significantly lower than
international ranges, while they were significantly higher than international ranges in

Jericho. Factors that contribute to such outcome are not well explained in the literature.

5.3.Conclusions and recommendations

We found significant differences in CBC parameters among young adult males living
below and above sea level. Our study results revealed that At above sea level there is a
significant increase in Hgb concentration (P = 0.001), RBC counts (P = 0.005) and Hct
levels (P = 0.002) compared to those living below sea level. A large convenient random
sample in a well-designed study is considered the first one in Palestine, and almost the

second at the level of the world.

Depending on our results, we conclude that the majority of the reference ranges of CBC
parameters among Palestinian young adult males are different compared with
international studies and the ones provided in the reference books. There are significant
differences between reference range for WBC counts, RBC counts, Hgb concentration,
MCV, and Plts counts between our study and international ones. New and locally
established reference ranges should be referred to before interpretation of any laboratory
tests. We believe that separate sets of reference ranges for local and universal basis

should be used in health and disease for all age groups.
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On the light of the previous results and discussion, the following recommendations can

be raised:

1-

Conducting further wider and supported studies for establishing the own CBC
reference ranges for Palestinian people, with priority to those who live below sea
level.

Conducting further research to determine period of time that is required for
making such effect, and to specify the smallest changes of altitude that are
needed for appearance of this effect to minimize unnecessary suffering from
exposure to additional hypoxia.

Our findings underlined the importance of considering geographic and
environmental factors when using hematological reference ranges for healthy or
septic partitioned age groups.

Re-definition of the differentiation limits between the normality and abnormality
of CBC parameters such as anemic versus healthy, and thalassemia trait suspect
from none.

Reference ranges issued with laboratory results should be titled with " local
reference range™ or " universal reference range" so that accurate assessment can

be made.
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Annex

Annex IA: CBC results of the participants before exclusion of the outliers from two

groups, where Place 1 means Jericho group and place 2 means Ramallah group.

# Place | class | WBC | RBC | Hgb | Hct MCV | MCH | MCHC | PLT RDW
1 1.00 | 11.00 | 6.00 |5.26 | 14.10 | 42.30 | 80.40 | 26.80 | 33.30 | 291.00 | 11.30
2 1.00 | 12.00 | 6.00 |5.40 | 16.00 | 45.80 | 84.80 | 29.60 | 34.90 | 182.00 | 9.80

3 1.00 | 11.00 | 9.20 |5.58 | 16.30 | 47.10 | 84.40 | 29.20 | 34.60 | 418.00 | 10.80
4 1.00 | 12.00 | 590 |4.91 |14.10 | 41.70 | 84.90 | 28.70 | 33.80 | 238.00 | 10.40
5 1.00 |12.00 | 8.00 |5.80 | 15.20 | 45.20 | 77.90 | 26.20 | 33.60 | 189.00 | 11.00
6 1.00 | 11.00 | 8.10 |5.10 | 15.80 | 44.10 | 86.50 | 31.00 | 35.80 | 237.00 | 10.90
7 1.00 | 12.00 | 9.70 |5.38 | 16.60 | 47.00 | 87.40 | 30.90 | 35.30 | 285.00 | 10.50
8 1.00 |12.00 | 5.30 |4.84 | 15.20 | 43.20 | 89.30 | 31.40 | 35.20 | 218.00 | 10.00
9 1.00 |11.00|4.30 |5.31 |16.20 | 46.00 | 86.60 | 30.50 | 35.20 | 242.00 | 10.10
10 | 1.00 | 12.00 | 5.50 | 4.93 | 14.80 | 42.30 | 85.80 | 30.00 | 35.00 | 335.00 | 10.90
11 | 1.00 | 12.00 | 8.60 |5.49 |16.20 | 46.30 | 84.30 | 29.50 | 35.00 | 343.00 | 10.90
12 | 1.00 | 11.00 | 9.40 |5.73 |16.40 | 46.90 | 81.80 | 28.60 | 35.00 | 340.00 | 10.50
13 | 1.00 | 12.00 | 7.60 | 5.04 | 16.00 | 45.80 | 90.90 | 31.70 | 34.90 | 177.00 | 10.50
14 | 1.00 | 11.00 | 7.90 | 4.85 | 15.20 | 43.60 | 89.90 | 31.30 | 34.90 | 271.00 | 10.90
15 | 1.00 | 12.00 | 10.70 | 5.31 | 15.50 | 44.60 | 84.00 | 29.20 | 34.80 | 286.00 | 10.10
16 | 1.00 | 12.00 | 5.70 |5.39 | 16.50 | 47.40 | 87.90 | 30.60 | 34.80 | 214.00 | 10.40
17 | 1.00 |12.00 | 7.40 |4.85 | 14.60 | 41.90 | 86.40 | 30.10 | 34.80 | 292.00 | 9.80

18 | 1.00 | 11.00 | 7.30 | 4.83 | 14.30 | 41.10 | 85.10 | 29.60 | 34.80 | 211.00 | 10.50
19 | 1.00 | 12.00 | 9.20 | 5.35 | 14.90 | 43.00 | 80.40 | 27.90 | 34.70 | 418.00 | 10.90
20 [1.00 | 12.00 | 8.80 | 5.17 | 15.10 | 43.50 | 84.10 | 29.20 | 34.70 | 224.00 | 10.20
21 |[1.00 |12.00|7.90 |5.53 |16.10 | 46.40 | 83.90 | 29.10 | 34.70 | 309.00 | 10.20
22 |(1.00 |11.00 | 6.50 | 5.01 | 14.80 | 42.70 | 85.20 | 29.50 | 34.70 | 293.00 | 10.50
23 |[1.00 | 12.00 | 590 |4.99 | 15.00 | 43.30 | 86.80 | 30.10 | 34.60 | 326.00 | 10.40
24 |1.00 | 12.00 | 6.50 | 5.63 | 15.90 | 45.90 | 81.50 | 28.20 | 34.60 | 222.00 | 11.20
25 |[1.00 |12.00 | 6.50 |5.26 | 14.90 | 43.20 | 82.10 | 28.30 | 34.50 | 361.00 | 10.70
26 [1.00 |12.00|7.00 |5.64 |16.20 | 47.00 | 83.30 | 28.70 | 34.50 | 327.00 | 11.10
27 |1.00 |12.00|12.70 | 4.69 | 14.20 | 41.20 | 87.80 | 30.30 | 34.50 | 316.00 | 10.50
28 |1.00 | 12.00 | 4.10 | 5.36 | 16.00 | 46.40 | 86.60 | 29.90 | 34.50 | 244.00 | 10.10
29 [(1.00 |11.00 | 8.60 | 4.88 | 15.20 | 44.10 | 90.40 | 31.10 | 34.50 | 302.00 | 10.60
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# Place | class | WBC | RBC | Hgb | Hct MCV | MCH | MCHC | PLT RDW
30 |1.00 |12.00 | 7.00 | 5.31 | 15.50 | 45.10 | 84.90 | 29.20 | 34.40 | 261.00 | 10.30
31 |1.00 |12.00 | 6.30 |5.30 | 15.80 | 45.90 | 86.60 | 29.80 | 34.40 | 266.00 | 10.30
32 | 1.00 |12.00 | 5.80 |4.50 | 13.90 | 40.40 | 89.80 | 30.90 | 34.40 | 291.00 | 10.30
33 | 1.00 | 11.00 | 5.70 | 5.04 | 14.50 | 42.10 | 83.50 | 28.80 | 34.40 | 202.00 | 10.40
34 |1.00 |11.00 | 8.20 | 5.53 | 15.70 | 45.70 | 82.60 | 28.40 | 34.40 | 230.00 | 10.90
35 | 1.00 | 11.00 | 6.00 |4.45 | 13.60 | 39.50 | 88.80 | 30.60 | 34.40 | 410.00 | 10.40
36 | 1.00 |12.00 | 5.10 |5.50 | 16.00 | 46.60 | 84.70 | 29.10 | 34.30 | 214.00 | 10.40
37 |1.00 |12.00 | 6.40 |5.02 | 15.40 | 44.90 | 89.40 | 30.70 | 34.30 | 249.00 | 11.20
38 |1.00 |12.00 | 7.00 | 5.38 | 15.10 | 44.00 | 81.80 | 28.10 | 34.30 | 308.00 | 10.50
39 |1.00 |12.00 | 8.30 |4.79 | 13.60 | 39.60 | 82.70 | 28.40 | 34.30 | 322.00 | 11.00
40 |1.00 |12.00|9.60 |5.19 | 15.10 | 44.00 | 84.80 | 29.10 | 34.30 | 242.00 | 10.80
41 |1.00 |12.00 |5.60 |4.82 |14.60 | 42.60 | 88.40 | 30.30 | 34.30 | 244.00 | 10.50
42 |1.00 |12.00|6.50 |5.34 | 15.40 | 44.90 | 84.10 | 28.80 | 34.30 | 265.00 | 10.50
43 |1.00 |11.00 | 6.30 |4.82 | 14.20 | 41.40 | 85.90 | 29.50 | 34.30 | 277.00 | 11.00
44 11.00 |11.00|7.70 |4.85 |15.10 | 44.00 | 90.70 | 31.10 | 34.30 | 337.00 | 10.50
45 |1.00 |12.00 550 |5.04 |14.20 | 41.50 | 82.30 | 28.20 | 34.20 | 183.00 | 10.40
46 |1.00 |12.00 |4.80 |5.39 |16.30 | 47.70 | 88.50 | 30.20 | 34.20 | 334.00 | 10.50
47 |1.00 |12.00|7.00 |5.24 | 15.00 | 44.00 | 84.00 | 28.60 | 34.10 | 318.00 | 10.30
48 |1.00 |12.00 | 510 |5.23 | 14.50 | 42.50 | 81.30 | 27.70 | 34.10 | 371.00 | 10.80
49 |1.00 |12.00|7.30 |5.34 |15.00 | 44.00 | 82.40 | 28.10 | 34.10 | 278.00 | 10.60
50 |1.00 |11.00|6.30 |4.69 | 13.90 | 40.80 | 87.00 | 29.60 | 34.10 | 232.00 | 11.00
51 | 1.00 | 11.00 | 3.60 | 4.90 | 14.50 | 42.50 | 86.70 | 29.60 | 34.10 | 251.00 | 10.10
52 |1.00 |12.00 | 6.50 |5.11 | 15.00 | 44.10 | 86.30 | 29.40 | 34.00 | 317.00 | 10.70
53 | 1.00 |12.00 | 6.80 | 5.33 | 15.40 | 45.30 | 85.00 | 28.90 | 34.00 | 320.00 | 11.00
54 |1.00 |12.00 | 8.90 |4.99 |14.80 | 43.60 | 87.40 | 29.70 | 33.90 | 377.00 | 10.50
55 | 1.00 | 11.00 | 6.80 |5.60 | 15.30 | 45.10 | 80.50 | 27.30 | 33.90 | 231.00 | 10.60
56 | 1.00 | 12.00 | 5.00 |5.05 | 14.80 | 43.80 | 86.70 | 29.30 | 33.80 | 226.00 | 10.60
57 |1.00 |12.00 | 5.60 |5.58 | 15.30 | 45.30 | 81.20 | 27.40 | 33.80 | 199.00 | 10.50
58 | 1.00 | 12.00 | 6.90 |4.78 | 14.20 | 42.00 | 87.90 | 29.70 | 33.80 | 260.00 | 10.70
59 |1.00 |11.00 | 7.30 |4.61 |13.90 | 41.10 | 89.20 | 30.20 | 33.80 | 435.00 | 10.90
60 | 1.00 | 11.00 | 5.10 |5.57 | 16.10 | 47.70 | 85.60 | 28.90 | 33.80 | 340.00 | 10.10
61 |1.00 | 11.00|6.20 | 4.86 | 14.10 | 41.70 | 85.80 | 29.00 | 33.80 | 237.00 | 11.10
62 | 1.00 |12.00 | 550 |4.62 |12.60 | 37.40 | 81.00 | 27.30 | 33.70 | 322.00 | 10.30
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# Place | class | WBC | RBC | Hgb | Hct MCV | MCH | MCHC | PLT RDW
63 | 1.00 | 12.00 | 10.50 | 5.27 | 14.20 | 42.10 | 79.90 | 26.90 | 33.70 | 354.00 | 10.80
64 | 1.00 |12.00|8.30 |5.18 | 14.20 | 42.10 | 81.30 | 27.40 | 33.70 | 365.00 | 10.20
65 | 1.00 |12.00 |6.20 |5.27 | 14.70 | 43.60 | 82.70 | 27.90 | 33.70 | 278.00 | 10.30
66 | 1.00 |12.00 |6.80 |5.46 | 14.50 | 43.00 | 78.80 | 26.60 | 33.70 | 274.00 | 10.70
67 | 1.00 |12.00 |6.40 |5.69 | 16.00 | 47.60 | 83.70 | 28.10 | 33.60 | 270.00 | 10.40
68 | 1.00 | 12.00 | 6.70 |4.91 | 14.70 | 43.80 | 89.20 | 29.90 | 33.60 | 218.00 | 10.40
69 | 1.00 |12.00|7.80 |5.34 |15.00 | 44.80 | 83.90 | 28.10 | 33.50 | 246.00 | 9.70

70 |1.00 |12.00|7.40 |4.60 |12.80 | 38.20 | 83.00 | 27.80 | 33.50 | 179.00 | 12.40
71 | 100 |12.00|6.20 |5.13 | 13.90 | 41.80 | 81.50 | 27.10 | 33.30 | 301.00 | 10.50
72 | 100 |12.00|8.40 |5.09 |15.00 | 45.10 | 88.60 | 29.50 | 33.30 | 262.00 | 9.90

73 | 1.00 | 12.00 | 5.80 | 6.06 | 16.20 | 48.70 | 80.40 | 26.70 | 33.30 | 226.00 | 10.30
74 |1.00 |12.00|7.90 |5.70 | 14.40 | 43.20 | 75.80 | 25.30 | 33.30 | 420.00 | 10.80
75 | 1.00 |12.00|7.30 |5.37 | 15.60 | 46.80 | 87.20 | 29.10 | 33.30 | 250.00 | 10.20
76 |1.00 |12.00|7.90 |5.61 |14.40|43.60 | 77.70 | 25.70 | 33.00 | 233.00 | 11.00
77 | 100 |11.00|510 |4.93 |13.50 | 40.90 | 83.00 | 27.40 | 33.00 | 288.00 | 9.90

78 |1.00 | 11.00|9.30 |5.83 | 14.80 | 44.90 | 77.00 | 25.40 | 33.00 | 302.00 | 10.60
79 |1.00 |12.00|6.20 |5.28 | 14.80 | 45.00 | 85.20 | 28.00 | 32.90 | 342.00 | 10.10
80 | 100 |11.00|8.70 |6.10 | 15.50 | 47.50 | 77.90 | 25.40 | 32.60 | 297.00 | 10.80
81 |1.00 |12.00 | 8.30 |5.13 | 13.80 | 42.40 | 82.70 | 26.90 | 32.50 | 432.00 | 10.40
82 |1.00 |12.00 | 6.50 |5.48 | 13.90 | 42.80 | 78.10 | 25.40 | 32.50 | 229.00 | 10.60
83 | 1.00 |12.00 | 7.80 |5.69 | 12.80 | 40.00 | 70.30 | 22.50 | 32.00 | 203.00 | 11.50
84 | 100 |11.00|8.60 |5.09 |12.00| 37.50 | 73.70 | 23.60 | 32.00 | 279.00 | 10.30
85 | 1.00 |12.00 | 9.30 |6.82 | 13.40 | 42.00 | 61.60 | 19.60 | 31.90 | 375.00 | 14.00
86 | 1.00 | 11.00 | 8.10 |6.28 | 13.40 | 42.40 | 67.50 | 21.30 | 31.60 | 333.00 | 11.10
87 |1.00 |12.00 | 480 |6.07 | 13.30 | 42.50 | 70.00 | 21.90 | 31.30 | 285.00 | 10.30
88 | 100 |11.00|6.90 |6.22 | 11.60 | 37.40 | 60.10 | 18.60 | 31.00 | 318.00 | 11.40
89 | 100 |11.00|4.10 |5.28 | 16.10 | 45.30 | 85.80 | 30.50 | 35.50 | 202.00 | 11.00
90 |1.00 |11.00|7.20 |5.71 |17.20 | 48.70 | 85.30 | 30.10 | 35.30 | 180.00 | 10.80
91 |1.00 |12.00 | 6.50 | 5.66 | 16.70 | 47.50 | 83.90 | 29.50 | 35.20 | 281.00 | 11.00
92 |1.00 |11.00 | 10.00 | 4.89 | 13.60 | 38.70 | 79.10 | 27.80 | 35.10 | 350.00 | 10.60
93 | 1.00 | 11.00 | 5.70 | 4.87 | 14.70 | 42.00 | 86.20 | 30.20 | 35.00 | 292.00 | 10.70
94 | 100 |11.00 | 6.50 |5.12 | 14.70 | 42.20 | 82.40 | 28.70 | 34.80 | 409.00 | 11.00
95 |1.00 |11.00 | 17.70 | 5.22 | 15.50 | 44.60 | 85.40 | 29.70 | 34.80 | 296.00 | 10.50
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# Place | class | WBC | RBC | Hgb | Hct MCV | MCH | MCHC | PLT RDW
96 | 1.00 |11.00 | 5.10 | 5.05 | 13.70 | 39.50 | 78.20 | 27.10 | 34.70 | 327.00 | 11.20
97 |1.00 |11.00 | 7.70 |5.52 | 16.50 | 47.50 | 86.10 | 29.90 | 34.70 | 287.00 | 10.40
98 |1.00 |11.00 | 6.90 |5.22 | 15.90 | 46.00 | 88.10 | 30.50 | 34.60 | 212.00 | 10.90
99 |1.00 | 11.00 | 10.60 | 5.33 | 15.60 | 45.20 | 84.80 | 29.30 | 34.50 | 265.00 | 10.30
100 | 1.00 | 11.00 | 5.30 | 4.67 | 13.90 | 40.30 | 86.30 | 29.80 | 34.50 | 283.00 | 10.40
101 | 1.00 | 11.00 | 6.60 | 4.71 | 14.50 | 42.00 | 89.20 | 30.80 | 34.50 | 203.00 | 10.50
102 | 1.00 | 12.00 | 7.10 | 4.63 | 13.80 | 40.10 | 86.60 | 29.80 | 34.40 | 233.00 | 10.70
103 | 1.00 | 11.00 | 5.60 | 5.44 | 15.50 | 45.10 | 82.90 | 28.50 | 34.40 | 348.00 | 10.30
104 | 1.00 | 11.00 | 5.90 |5.79 | 17.50 | 50.80 | 87.70 | 30.20 | 34.40 | 261.00 | 10.50
105 | 1.00 | 11.00 | 9.70 | 5.24 | 15.60 | 45.40 | 86.60 | 29.80 | 34.40 | 342.00 | 10.70
106 | 1.00 | 11.00 | 6.70 | 4.86 | 14.70 | 42.80 | 88.10 | 30.20 | 34.30 | 256.00 | 10.40
107 | 1.00 | 11.00 | 10.80 | 5.25 | 15.50 | 45.20 | 86.10 | 29.50 | 34.30 | 362.00 | 10.40
108 | 1.00 | 12.00 | 7.30 | 5.13 | 13.80 | 40.40 | 78.80 | 26.90 | 34.20 | 260.00 | 11.00
109 | 1.00 | 11.00 | 8.00 | 5.31 | 15.30 | 44.70 | 84.20 | 28.80 | 34.20 | 300.00 | 10.40
110 | 1.00 | 11.00 | 7.00 | 5.51 | 15.30 | 44.70 | 81.10 | 27.80 | 34.20 | 299.00 | 10.70
111 | 1.00 | 11.00 | 9.60 | 5.46 | 15.60 | 45.60 | 83.50 | 28.60 | 34.20 | 224.00 | 10.80
112 | 1.00 | 11.00 | 5.30 | 5.13 | 15.30 | 44.70 | 87.10 | 29.80 | 34.20 | 210.00 | 10.50
113 | 1.00 | 11.00 | 4.40 | 5.14 | 15.20 | 44.50 | 86.60 | 29.60 | 34.20 | 326.00 | 10.00
114 | 1.00 | 11.00 | 12.40 | 5.63 | 16.60 | 48.50 | 86.10 | 29.50 | 34.20 | 346.00 | 10.60
115 | 1.00 | 11.00 | 7.00 | 4.81 | 14.30 | 41.90 | 87.10 | 29.70 | 34.10 | 164.00 | 10.70
116 | 1.00 | 11.00 | 5.60 | 5.00 | 15.00 | 44.00 | 88.00 | 30.00 | 34.10 | 295.00 | 10.40
117 | 1.00 | 11.00 | 6.50 | 4.52 | 14.00 | 41.10 | 90.90 | 31.00 | 34.10 | 302.00 | 10.10
118 | 1.00 | 12.00 | 6.50 | 4.51 | 12.80 | 37.60 | 83.40 | 28.40 | 34.00 | 368.00 | 10.70
119 | 1.00 | 11.00 | 7.10 | 5.04 | 14.20 | 41.80 | 82.90 | 28.20 | 34.00 | 368.00 | 10.70
120 | 1.00 | 11.00 | 6.70 | 5.78 | 16.70 | 49.30 | 85.30 | 28.90 | 33.90 | 380.00 | 10.30
121 | 1.00 | 11.00 | 9.40 | 5.36 | 14.70 | 43.30 | 80.80 | 27.40 | 33.90 | 353.00 | 12.20
122 | 1.00 | 12.00 | 8.60 | 5.18 | 15.40 | 45.60 | 88.00 | 29.70 | 33.80 | 307.00 | 9.80

123 | 1.00 | 12.00 | 8.00 | 4.50 | 14.00 | 41.40 | 92.00 | 31.10 | 33.80 | 314.00 | 9.80

124 | 1.00 | 11.00 | 4.30 | 5.43 | 15.50 | 45.80 | 84.30 | 28.50 | 33.80 | 217.00 | 10.80
125 | 1.00 | 11.00 | 9.20 | 4.88 | 14.00 | 41.40 | 84.80 | 28.70 | 33.80 | 466.00 | 10.20
126 | 1.00 | 11.00 | 5.40 | 4.83 | 13.80 | 40.80 | 84.50 | 28.60 | 33.80 | 255.00 | 10.20
127 | 1.00 | 11.00 | 8.80 | 5.27 | 13.60 | 40.40 | 76.70 | 25.80 | 33.70 | 385.00 | 10.80
128 | 1.00 | 11.00 | 10.50 | 5.42 | 14.30 | 42.40 | 78.20 | 26.40 | 33.70 | 442.00 | 11.80
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# Place | class | WBC | RBC | Hgb | Hct MCV | MCH | MCHC | PLT RDW
129 | 1.00 | 12.00 | 450 | 4.92 | 14.00 | 41.70 | 84.80 | 28.50 | 33.60 | 309.00 | 10.30
130 | 1.00 | 11.00 | 6.40 |5.18 | 14.30 | 42.60 | 82.20 | 27.60 | 33.60 | 235.00 | 10.20
131 | 1.00 | 11.00 | 6.50 | 4.89 | 14.40 | 42.80 | 87.50 | 29.40 | 33.60 | 237.00 | 10.50
132 | 1.00 | 11.00 | 9.10 | 4.97 | 14.70 | 43.80 | 88.10 | 29.60 | 33.60 | 465.00 | 10.70
133 | 1.00 | 11.00 | 6.10 | 4.57 | 14.00 | 41.80 | 91.50 | 30.60 | 33.50 | 196.00 | 9.70

134 | 1.00 | 11.00 | 6.20 | 5.14 | 13.00 | 38.80 | 75.50 | 25.30 | 33.50 | 408.00 | 11.30
135 | 1.00 | 11.00 | 6.60 | 5.49 | 14.40 | 43.00 | 78.30 | 26.20 | 33.50 | 301.00 | 10.60
136 | 1.00 | 11.00 | 8.30 | 5.85 | 16.00 | 47.90 | 81.90 | 27.40 | 33.40 | 296.00 | 9.90

137 | 1.00 | 11.00 | 8.30 | 5.40 | 13.40 | 40.30 | 74.60 | 24.80 | 33.30 | 316.00 | 11.50
138 | 1.00 | 11.00 | 8.80 | 5.52 | 14.70 | 44.10 | 79.90 | 26.60 | 33.30 | 372.00 | 10.50
139 | 1.00 | 11.00 | 7.60 | 5.04 | 14.60 | 43.80 | 86.90 | 29.00 | 33.30 | 315.00 | 10.90
140 | 1.00 | 11.00 | 6.70 | 5.59 | 15.70 | 47.10 | 84.30 | 28.10 | 33.30 | 340.00 | 11.00
141 | 1.00 | 11.00 | 6.30 | 5.10 | 13.00 | 39.30 | 77.10 | 25.50 | 33.10 | 433.00 | 11.60
142 | 1.00 | 11.00 | 6.20 | 5.77 | 14.70 | 44.60 | 77.30 | 25.50 | 33.00 | 370.00 | 11.80
143 | 1.00 | 11.00 | 6.50 | 5.81 | 14.60 | 44.40 | 76.40 | 25.10 | 32.90 | 223.00 | 10.90
144 |1 1.00 | 11.00 | 450 |5.44 | 14.00 | 42.70 | 78.50 | 25.70 | 32.80 | 225.00 | 11.60
145 | 1.00 | 11.00 | 14.90 | 4.83 | 12.30 | 37.50 | 77.60 | 25.50 | 32.80 | 352.00 | 12.20
146 | 1.00 | 11.00 | 10.60 | 5.54 | 13.10 | 40.20 | 72.60 | 23.60 | 32.60 | 477.00 | 14.60
147 | 1.00 | 11.00 | 14.70 | 5.51 | 12.00 | 37.30 | 67.70 | 21.80 | 32.20 | 358.00 | 13.10
148 | 1.00 | 11.00 | 10.20 | 7.13 | 13.30 | 42.10 | 59.00 | 18.70 | 31.60 | 359.00 | 12.50
149 | 1.00 | 11.00 | 8.80 | 6.33 | 12.20 | 39.80 | 62.90 | 19.30 | 30.70 | 269.00 | 12.70
150 | 1.00 | 11.00 | 7.60 | 6.51 | 12.60 | 41.70 | 64.10 | 19.40 | 30.20 | 387.00 | 12.00
151 | 1.00 | 12.00 | 5.20 | 4.79 | 8.30 | 28.50 | 59.50 | 17.30 | 29.10 | 441.00 | 14.50
152 | 1.00 | 11.00 | 7.80 | 5.43 | 16.10 | 46.20 | 85.10 | 29.70 | 34.80 | 315.00 | 10.70
153 | 1.00 | 11.00 | 4.40 | 4.86 | 15.50 | 45.10 | 92.80 | 31.90 | 34.40 | 185.00 | 10.30
154 | 1.00 | 11.00 | 540 |4.71 | 13.10 | 38.20 | 81.10 | 27.80 | 34.30 | 283.00 | 10.80
155 | 1.00 | 11.00 | 7.30 | 5.06 | 15.10 | 44.10 | 87.20 | 29.80 | 34.20 | 205.00 | 10.70
156 | 1.00 | 11.00 | 11.90 | 5.54 | 16.20 | 47.60 | 85.90 | 29.20 | 34.00 | 340.00 | 10.30
157 | 1.00 | 11.00 | 7.50 | 4.80 | 13.40 | 39.50 | 82.30 | 27.90 | 33.90 | 239.00 | 11.00
158 | 1.00 | 11.00 | 6.50 | 5.51 | 16.00 | 46.30 | 85.80 | 29.00 | 33.80 | 253.00 | 10.70
159 | 1.00 | 11.00 | 8.90 | 4.77 | 13.60 | 40.20 | 84.30 | 28.50 | 33.80 | 398.00 | 10.40
160 | 1.00 | 11.00 | 8.10 | 4.97 | 14.40 | 42.80 | 86.10 | 29.00 | 33.60 | 321.00 | 11.60
161 | 1.00 | 11.00 | 7.40 | 5.33 | 15.20 | 45.20 | 84.80 | 28.50 | 33.60 | 257.00 | 10.80
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# Place | class | WBC | RBC | Hgb | Hct MCV | MCH | MCHC | PLT RDW
162 | 1.00 | 11.00 | 7.70 | 5.95 | 14.90 | 44.80 | 75.30 | 25.00 | 33.30 | 362.00 | 11.90
163 | 2.00 | 12.00 | 8.46 | 5.69 | 16.60 | 47.90 | 84.20 | 29.20 | 34.70 | 392.00 | 10.10
164 | 2.00 | 12.00 | 7.50 |5.92 | 16.90 | 48.80 | 82.40 | 28.50 | 34.60 | 229.00 | 10.90
165 | 2.00 | 12.00 | 7.10 | 5.72 | 14.50 | 44.40 | 77.60 | 25.30 | 32.70 | 257.00 | 11.80
166 | 2.00 | 12.00 | 5.60 | 4.86 | 15.30 | 43.40 | 89.30 | 31.50 | 35.30 | 279.00 | 10.50
167 | 2.00 | 12.00 | 12.50 | 5.20 | 16.30 | 46.40 | 89.20 | 31.30 | 35.10 | 345.00 | 9.70

168 | 2.00 | 12.00 | 7.60 | 6.17 | 18.40 | 52.60 | 85.30 | 29.80 | 35.00 | 236.00 | 10.60
169 | 2.00 | 12.00 | 8.00 | 5.36 | 16.00 | 45.70 | 85.30 | 29.90 | 35.00 | 128.00 | 10.30
170 | 2.00 | 12.00 | 8.70 | 5.73 | 16.40 | 46.90 | 81.80 | 28.60 | 35.00 | 168.00 | 11.10
171 | 2.00 | 12.00 | 5.50 | 5.55 | 16.10 | 46.30 | 83.40 | 29.00 | 34.80 | 317.00 | 10.90
172 | 2.00 | 12.00 | 7.80 | 5.47 | 15.40 | 44.40 | 81.20 | 28.20 | 34.70 | 272.00 | 10.40
173 | 2.00 | 12.00 | 8.00 | 6.09 | 18.10 | 52.10 | 85.60 | 29.70 | 34.70 | 263.00 | 10.80
174 | 2.00 | 12.00 | 8.40 | 5.43 | 15.90 | 45.90 | 84.50 | 29.30 | 34.60 | 247.00 | 11.80
175 | 2.00 | 12.00 | 16.10 | 5.64 | 17.30 | 50.00 | 88.70 | 30.70 | 34.60 | 270.00 | 10.20
176 | 2.00 | 12.00 | 6.20 | 5.12 | 14.90 | 43.10 | 84.20 | 29.10 | 34.60 | 232.00 | 10.30
177 | 2.00 | 12.00 | 6.40 | 5.40 | 15.70 | 45.50 | 84.30 | 29.10 | 34.50 | 339.00 | 10.50
178 | 2.00 | 12.00 | 7.60 | 5.34 | 16.50 | 47.80 | 89.50 | 30.90 | 34.50 | 301.00 | 10.60
179 | 2.00 | 12.00 | 5.50 |4.82 | 14.90 | 43.20 | 89.60 | 30.90 | 34.50 | 254.00 | 10.30
180 | 2.00 | 12.00 | 6.30 | 5.36 | 15.40 | 44.70 | 83.40 | 28.70 | 34.50 | 247.00 | 10.90
181 | 2.00 | 12.00 | 7.50 | 5.64 | 15.90 | 46.10 | 81.70 | 28.20 | 34.50 | 191.00 | 10.60
182 | 2.00 | 12.00 | 7.80 | 5.57 | 15.80 | 45.80 | 82.20 | 28.40 | 34.50 | 249.00 | 10.80
183 | 2.00 | 12.00 | 6.90 | 5.17 | 15.10 | 43.70 | 84.70 | 29.20 | 34.50 | 294.00 | 10.20
184 | 2.00 | 12.00 | 3.80 | 5.32 | 15.40 | 44.60 | 83.80 | 28.90 | 34.50 | 268.00 | 11.20
185 | 2.00 | 12.00 | 5.80 | 5.11 | 15.80 | 45.80 | 89.60 | 30.90 | 34.50 | 301.00 | 10.30
186 | 2.00 | 11.00 | 5.90 | 4.71 | 14.10 | 41.00 | 87.00 | 29.90 | 34.40 | 218.00 | 10.30
187 | 2.00 | 12.00 | 7.10 | 5.40 | 16.50 | 48.10 | 89.10 | 30.60 | 34.30 | 234.00 | 10.40
188 | 2.00 | 12.00 | 7.50 | 6.13 | 17.10 | 49.80 | 81.20 | 27.90 | 34.30 | 229.00 | 10.70
189 | 2.00 | 12.00 | 5.00 | 5.04 | 15.80 | 46.10 | 91.50 | 31.30 | 34.30 | 222.00 | 10.30
190 | 2.00 | 12.00 | 6.00 | 5.07 | 15.70 | 45.80 | 90.30 | 31.00 | 34.30 | 249.00 | 10.20
191 | 2.00 | 11.00 | 7.80 | 5.03 | 14.60 | 42.60 | 84.70 | 29.00 | 34.30 | 367.00 | 10.70
192 | 2.00 | 12.00 | 9.10 | 5.59 | 15.90 | 46.50 | 83.20 | 28.40 | 34.20 | 231.00 | 10.20
193 | 2.00 | 12.00 | 10.20 | 5.32 | 15.30 | 44.80 | 84.20 | 28.80 | 34.20 | 311.00 | 10.00
194 | 2.00 | 11.00 | 8.30 | 4.56 | 13.90 | 40.70 | 89.30 | 30.50 | 34.20 | 220.00 | 10.60
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# Place | class | WBC | RBC | Hgb | Hct MCV | MCH | MCHC | PLT RDW
195 | 2.00 | 12.00 | 7.10 | 6.09 | 17.70 | 51.90 | 85.20 | 29.10 | 34.10 | 213.00 | 10.60
196 | 2.00 | 12.00 | 9.80 | 5.55 | 15.50 | 45.50 | 82.00 | 27.90 | 34.10 | 337.00 | 10.80
197 | 2.00 | 12.00 | 8.20 | 5.02 | 14.80 | 43.40 | 86.50 | 29.50 | 34.10 | 321.00 | 10.20
198 | 2.00 | 12.00 | 9.00 | 5.48 | 16.20 | 47.50 | 86.70 | 29.60 | 34.10 | 318.00 | 10.00
199 | 2.00 | 12.00 | 10.90 | 5.27 | 15.40 | 45.30 | 86.00 | 29.20 | 34.00 | 375.00 | 10.50
200 | 2.00 | 12.00 | 8.40 | 5.39 | 15.30 | 45.00 | 83.50 | 28.40 | 34.00 | 222.00 | 10.50
201 | 2.00 |12.00 | 6.80 | 5.36 | 15.20 | 44.70 | 83.40 | 28.40 | 34.00 | 270.00 | 10.80
202 | 2.00 |12.00 | 440 |5.37 | 14.80 | 43.50 | 81.00 | 27.60 | 34.00 | 316.00 | 11.20
203 | 2.00 | 12.00 | 5.60 | 5.33 | 14.90 | 44.00 | 82.60 | 28.00 | 33.90 | 339.00 | 10.50
204 | 2.00 | 12.00 | 11.30 | 5.55 | 15.00 | 44.20 | 79.60 | 27.00 | 33.90 | 232.00 | 11.90
205 | 2.00 | 12.00 | 5.00 | 4.40 | 12.90 | 38.10 | 86.60 | 29.30 | 33.90 | 273.00 | 11.20
206 | 2.00 | 12.00 | 3.40 |4.73 | 13.90 | 41.10 | 86.90 | 29.40 | 33.80 | 249.00 | 10.00
207 | 2.00 | 12.00 | 8.10 | 5.27 | 16.30 | 48.30 | 91.70 | 30.90 | 33.70 | 215.00 | 10.20
208 | 2.00 | 12.00 | 6.00 | 5.46 | 14.50 | 43.00 | 78.80 | 26.60 | 33.70 | 265.00 | 10.00
209 | 2.00 |12.00 | 7.40 |6.18 | 15.90 | 47.20 | 76.40 | 25.70 | 33.70 | 271.00 | 11.00
210 | 2.00 | 12.00 | 6.30 | 5.78 | 14.40 | 42.70 | 73.90 | 24.90 | 33.70 | 223.00 | 11.20
211 | 2.00 | 11.00 | 9.90 | 5.45 | 15.60 | 46.40 | 85.10 | 28.60 | 33.60 | 264.00 | 11.10
212 |1 2.00 | 12.00 | 10.10 | 5.36 | 16.00 | 47.70 | 89.00 | 29.90 | 33.50 | 308.00 | 9.90

213 | 2.00 | 12.00 | 7.40 | 5.62 | 15.20 | 45.50 | 81.00 | 27.00 | 33.40 | 268.00 | 10.90
214 | 2.00 |12.00 | 7.60 | 5.58 | 15.80 | 47.40 | 84.90 | 28.30 | 33.30 | 274.00 | 10.30
215 2.00 | 12.00 | 420 |5.03 | 13.00 | 39.10 | 77.70 | 25.80 | 33.20 | 252.00 | 11.20
216 | 2.00 | 12.00 | 10.50 | 6.28 | 15.90 | 48.10 | 76.60 | 25.30 | 33.10 | 312.00 | 11.10
217 | 2.00 | 12.00 | 4.70 | 6.36 | 12.90 | 39.80 | 62.60 | 20.30 | 32.40 | 301.00 | 12.50
218 | 2.00 | 12.00 | 6.80 | 6.78 | 14.30 | 44.50 | 65.60 | 21.10 | 32.10 | 277.00 | 15.40
219 | 2.00 | 11.00 | 6.70 |5.21 | 15.70 | 45.10 | 86.60 | 30.10 | 34.80 | 300.00 | 10.30
220 | 2.00 | 11.00 | 7.20 | 5.06 | 16.00 | 45.00 | 88.90 | 31.60 | 35.60 | 256.00 | 10.60
221|200 |11.00|7.40 |4.86 |14.70 | 41.50 | 85.40 | 30.20 | 35.40 | 286.00 | 10.40
222 | 200 |11.00 | 7.50 |4.97 | 15.00 | 42.40 | 85.30 | 30.20 | 35.40 | 244.00 | 10.60
223 | 200 | 11.00 | 7.60 | 5.30 | 16.60 | 46.90 | 88.50 | 31.30 | 35.40 | 240.00 | 10.30
224 1 2.00 | 11.00 | 6.80 | 5.35 | 15.80 | 44.90 | 83.90 | 29.50 | 35.20 | 210.00 | 11.50
2251 2.00 | 12.00 | 550 |4.48 | 14.40 | 41.20 | 92.00 | 32.10 | 35.00 | 236.00 | 9.90

226 | 2.00 | 11.00 | 6.40 | 5.25 | 15.90 | 45.40 | 86.50 | 30.30 | 35.00 | 237.00 | 10.50
227 | 200 |11.00 | 7.10 |5.88 | 16.70 | 47.90 | 81.50 | 28.40 | 34.90 | 300.00 | 10.50
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# Place | class | WBC | RBC | Hgb | Hct MCV | MCH | MCHC | PLT RDW
228 | 2.00 | 11.00 | 5.40 | 5.64 | 16.30 | 46.70 | 82.80 | 28.90 | 34.90 | 246.00 | 10.80
229 | 2.00 |12.00 | 7.20 | 5.68 | 16.90 | 48.60 | 85.60 | 29.80 | 34.80 | 197.00 | 10.20
230 | 2.00 | 12.00 | 7.40 | 5.65 | 16.90 | 48.70 | 86.20 | 29.90 | 34.70 | 240.00 | 10.40
231 | 2.00 | 12.00 | 8.90 |5.00 | 15.70 | 45.20 | 90.40 | 31.40 | 34.70 | 290.00 | 10.50
232 | 200 |11.00 | 6.20 | 4.82 | 14.40 | 41.50 | 86.10 | 29.90 | 34.70 | 214.00 | 10.90
233 | 200 | 11.00 | 6.90 |5.40 | 15.30 | 44.10 | 81.70 | 28.30 | 34.70 | 214.00 | 10.90
234 | 2.00 | 11.00 | 8.30 |4.99 | 15.40 | 44.40 | 89.00 | 30.90 | 34.70 | 282.00 | 10.10
235 | 2.00 |11.00 | 7.30 | 5.66 | 15.40 | 44.40 | 78.40 | 27.20 | 34.70 | 173.00 | 13.70
236 | 2.00 | 11.00 | 6.30 | 5.41 | 15.60 | 45.10 | 83.40 | 28.80 | 34.60 | 197.00 | 10.80
237 | 2.00 | 11.00 | 10.20 | 4.93 | 14.20 | 41.00 | 83.20 | 28.80 | 34.60 | 250.00 | 10.50
238 | 2.00 | 11.00 | 11.50 | 5.23 | 14.70 | 42.50 | 81.30 | 28.10 | 34.60 | 288.00 | 10.50
239 | 2.00 | 11.00 | 5.20 | 5.63 | 16.00 | 46.20 | 82.10 | 28.40 | 34.60 | 258.00 | 10.70
240 | 2.00 | 11.00 | 850 |5.00 | 15.10 | 43.70 | 87.40 | 30.20 | 34.60 | 365.00 | 10.70
241 | 2.00 |11.00 | 7.10 | 5.32 | 15.70 | 45.40 | 85.30 | 29.50 | 34.60 | 238.00 | 10.50
242 |1 2.00 | 11.00 | 510 |4.71 | 14.30 | 41.30 | 87.76 | 30.40 | 34.60 | 155.00 | 10.80
2431 2.00 | 11.00 | 7.80 | 5.07 | 15.20 | 44.00 | 86.80 | 30.00 | 34.50 | 245.00 | 11.10
244 12.00 | 11.00 | 540 |4.73 | 14.30 | 41.00 | 87.70 | 30.20 | 34.50 | 165.00 | 10.70
2451 2.00 |11.00|7.20 |5.18 | 15.30 | 44.40 | 85.70 | 29.50 | 34.50 | 252.00 | 10.30
246 | 2.00 | 11.00 | 7.70 | 5.65 | 16.20 | 46.90 | 83.00 | 28.70 | 34.50 | 254.00 | 11.00
247 | 2.00 | 11.00 | 6.20 | 5.29 | 15.40 | 44.60 | 84.30 | 29.10 | 34.50 | 308.00 | 11.00
248 | 2.00 | 12.00 | 5.80 | 5.43 | 15.60 | 46.20 | 83.70 | 28.20 | 34.40 | 188.00 | 10.40
249 |1 2.00 | 11.00 | 890 |5.98 | 17.10 | 49.70 | 83.10 | 28.60 | 34.40 | 225.00 | 10.60
250 | 2.00 |11.00 | 7.10 | 5.49 | 16.40 | 47.70 | 86.90 | 29.90 | 34.40 | 263.00 | 10.60
251 | 200 |11.00 | 7.00 |5.01 | 14.40 | 41.80 | 83.40 | 28.70 | 34.40 | 276.00 | 11.00
252 | 200 | 11.00 | 490 |5.34 | 15.70 | 45.60 | 85.40 | 29.40 | 34.40 | 232.00 | 10.30
253 | 2.00 | 11.00 | 6.00 |5.20 | 15.30 | 44.50 | 85.60 | 29.40 | 34.40 | 261.00 | 10.40
2541 2.00 | 11.00| 7.00 |5.54 | 16.50 | 48.10 | 86.80 | 29.80 | 34.30 | 264.00 | 10.20
255 | 2.00 | 11.00 | 6.00 | 5.58 | 15.90 | 46.30 | 83.00 | 28.50 | 34.30 | 189.00 | 11.00
256 | 2.00 | 12.00 | 6.00 | 5.61 | 16.00 | 46.80 | 83.40 | 28.50 | 34.20 | 251.00 | 10.70
257 | 200 | 11.00 | 5.20 |5.28 | 14.90 | 43.60 | 82.60 | 28.20 | 34.20 | 309.00 | 11.50
258 | 2.00 | 11.00 | 9.10 | 5.64 | 15.20 | 44.50 | 78.90 | 27.00 | 34.20 | 288.00 | 10.20
259 | 2.00 |11.00|6.70 |5.30 | 15.10 | 44.10 | 83.20 | 28.50 | 34.20 | 232.00 | 10.10
260 | 2.00 | 11.00 | 7.20 | 5.30 | 14.20 | 41.50 | 78.30 | 26.80 | 34.20 | 268.00 | 10.60
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# Place | class | WBC | RBC | Hgb | Hct MCV | MCH | MCHC | PLT RDW
261 | 2.00 | 12.00 | 5.60 | 5.47 | 15.60 | 45.80 | 83.70 | 28.50 | 34.10 | 178.00 | 10.60
262 | 2.00 |12.00 | 6.70 |5.73 | 16.00 | 47.00 | 82.00 | 27.90 | 34.00 | 238.00 | 10.90
263 | 2.00 | 12.00 | 4.60 | 5.43 | 14.60 | 43.00 | 79.20 | 26.90 | 34.00 | 196.00 | 10.70
264 | 2.00 | 12.00 | 5.50 | 5.61 | 16.00 | 47.10 | 84.00 | 28.50 | 34.00 | 325.00 | 9.90

265 | 2.00 | 11.00 | 7.30 | 5.38 | 14.80 | 43.50 | 80.90 | 27.50 | 34.00 | 266.00 | 10.70
266 | 2.00 | 11.00 | 7.20 | 4.94 | 14.70 | 43.20 | 87.40 | 29.80 | 34.00 | 285.00 | 10.40
267 | 200 |11.00 | 7.20 | 5.35 | 16.10 | 47.30 | 88.40 | 30.10 | 34.00 | 229.00 | 10.70
268 | 2.00 | 11.00 | 6.30 | 5.04 | 14.80 | 43.50 | 86.30 | 29.40 | 34.00 | 295.00 | 10.70
269 | 2.00 | 11.00 | 8.70 | 4.89 | 14.30 | 42.10 | 86.10 | 29.20 | 34.00 | 336.00 | 10.50
270 | 2.00 | 11.00 | 5.90 |5.53 | 16.20 | 47.60 | 86.10 | 29.30 | 34.00 | 133.00 | 11.00
271200 |11.00|7.60 |5.22 | 14.70 | 43.20 | 82.80 | 28.20 | 34.00 | 209.00 | 11.00
2721 2.00 |11.00|7.20 |4.92 | 14.40 | 42.40 | 86.20 | 29.30 | 34.00 | 310.00 | 10.50
273 2.00 |12.00|6.00 |5.21 | 15.30 | 45.10 | 86.60 | 29.40 | 33.90 | 283.00 | 10.40
274 1 2.00 | 12.00 | 850 |4.67 | 13.70 | 40.40 | 86.50 | 29.30 | 33.90 | 301.00 | 10.40
275 | 2.00 | 11.00 | 9.30 |5.17 | 14.80 | 43.60 | 84.30 | 28.60 | 33.90 | 272.00 | 10.60
276 | 2.00 | 11.00 | 5.70 | 5.35 | 15.70 | 46.30 | 86.50 | 29.30 | 33.90 | 232.00 | 10.20
2771 2.00 |11.00|7.00 |5.08 | 14.80 | 43.70 | 86.00 | 29.10 | 33.90 | 270.00 | 10.70
278 |12.00 | 11.00 | 740 | 4.84 | 14.00 | 41.30 | 85.30 | 28.90 | 33.90 | 304.00 | 11.20
279 | 2.00 | 11.00 | 6.70 | 4.86 | 14.50 | 42.80 | 88.10 | 29.80 | 33.90 | 304.00 | 10.80
280 | 2.00 | 11.00 | 5.80 |5.47 | 16.10 | 47.50 | 86.80 | 29.40 | 33.90 | 295.00 | 10.20
281 |2.00 | 11.00|4.40 |5.39 | 14.90 | 44.00 | 81.60 | 27.60 | 33.90 | 174.00 | 10.50
282 | 2.00 |11.00|5.60 |5.17 |14.40|42.60 | 82.40 | 27.90 | 33.80 | 355.00 | 10.80
283 | 2.00 | 11.00 | 5.90 |5.29 | 15.50 | 45.80 | 86.60 | 29.30 | 33.80 | 278.00 | 10.80
284 | 200 |11.00 | 7.40 |5.73 | 15.30 | 45.30 | 79.10 | 26.70 | 33.80 | 282.00 | 10.50
285 | 2.00 |11.00 | 6.90 |4.84 | 13.40 | 39.60 | 81.80 | 27.70 | 33.80 | 253.00 | 10.80
286 | 2.00 | 11.00 | 9.20 | 5.59 | 15.60 | 46.20 | 82.60 | 27.90 | 33.80 | 142.00 | 11.10
287 | 2.00 | 11.00 | 6.40 |4.93 | 14.00 | 41.40 | 84.00 | 28.40 | 33.80 | 368.00 | 10.40
288 | 2.00 | 11.00 | 6.10 | 5.25 | 14.80 | 43.80 | 83.40 | 28.20 | 33.80 | 181.00 | 11.00
289 | 2.00 |11.00 | 7.10 |5.05 | 14.30 | 42.30 | 83.80 | 28.30 | 33.80 | 277.00 | 10.80
290 | 2.00 |11.00 | 5.70 |4.73 | 13.30 | 39.40 | 83.30 | 28.10 | 33.80 | 315.00 | 10.60
291 | 2.00 | 11.00 | 540 |5.00 | 13.90 | 41.20 | 82.40 | 27.80 | 33.70 | 175.00 | 11.40
292 | 2.00 | 11.00 | 6.00 |5.26 | 14.40 | 42.80 | 81.40 | 27.40 | 33.60 | 164.00 | 10.50
293 | 200 |11.00 |9.70 |6.11 | 15.80 | 47.20 | 77.30 | 25.90 | 33.50 | 444.00 | 10.80
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# Place | class | WBC | RBC | Hgb | Hct MCV | MCH | MCHC | PLT RDW
294 | 2.00 |11.00 | 6.20 | 5.35 | 15.20 | 45.40 | 84.90 | 28.40 | 33.50 | 282.00 | 10.50
295 | 2.00 | 11.00 | 9.50 |5.24 | 14.60 | 43.60 | 83.20 | 27.90 | 33.50 | 269.00 | 11.30
296 | 2.00 | 11.00 | 6.40 |5.72 | 15.20 | 45.40 | 79.40 | 26.60 | 33.50 | 289.00 | 10.80
297 | 2.00 |12.00 | 6.80 | 6.00 | 15.80 | 47.30 | 78.80 | 26.30 | 33.40 | 318.00 | 10.20
298 | 2.00 | 11.00 | 10.60 | 5.22 | 14.70 | 44.00 | 84.30 | 28.20 | 33.40 | 204.00 | 11.30
299 | 2.00 | 11.00 | 4.60 |5.73 | 12.70 | 38.20 | 66.70 | 22.20 | 33.20 | 344.00 | 12.50
300 | 2.00 | 11.00 | 7.10 | 5.09 | 12.00 | 36.40 | 71.50 | 23.60 | 33.00 | 255.00 | 13.20
301 | 2.00 | 11.00 | 6.10 |4.98 | 13.80 | 41.90 | 84.10 | 27.70 | 32.90 | 227.00 | 10.90
302 | 2.00 | 11.00 | 6.00 |5.71 | 12.80 | 39.10 | 68.50 | 22.40 | 32.70 | 201.00 | 11.70
303 | 2.00 | 11.00 | 6.60 | 4.92 | 13.30 | 40.80 | 82.90 | 27.00 | 32.60 | 195.00 | 10.20
304 | 2.00 | 11.00 | 490 |5.57 | 13.60 | 41.80 | 75.00 | 24.40 | 32.50 | 214.00 | 10.80
305 | 200 | 11.00 | 7.60 | 6.19 | 14.30 | 44.60 | 72.10 | 23.10 | 32.10 | 211.00 | 11.70
306 | 2.00 | 11.00 | 8.70 | 7.22 | 13.10 | 42.00 | 58.20 | 18.10 | 31.20 | 181.00 | 13.00
307 | 2.00 | 11.00 | 7.50 | 5.48 | 15.30 | 43.70 | 79.70 | 27.90 | 35.00 | 311.00 | 10.70
308 | 2.00 | 11.00 | 6.70 | 5.52 | 16.00 | 45.90 | 83.20 | 29.00 | 34.90 | 299.00 | 10.70
309 | 200 | 11.00 | 6.40 |5.65 | 16.30 | 46.80 | 82.80 | 28.80 | 34.80 | 243.00 | 10.70
310 | 2.00 | 12.00 | 7.30 | 4.88 | 15.10 | 43.70 | 89.50 | 30.90 | 34.60 | 255.00 | 10.40
311 | 200 | 11.00 | 6.70 | 5.18 | 15.50 | 44.80 | 86.50 | 29.90 | 34.60 | 251.00 | 10.30
312 | 2.00 | 11.00 | 4.10 | 5.55 | 15.30 | 44.50 | 80.20 | 27.60 | 34.40 | 232.00 | 10.60
313 | 2.00 | 11.00 | 5.00 | 5.19 | 15.30 | 44.60 | 85.90 | 29.50 | 34.30 | 216.00 | 9.90

314 | 200 | 11.00 | 7.20 | 4.99 | 14.60 | 42.60 | 85.40 | 29.30 | 34.30 | 388.00 | 10.60
315 | 2.00 | 11.00 | 5.20 | 5.01 | 14.00 | 40.90 | 81.60 | 27.90 | 34.20 | 177.00 | 10.70
316 | 2.00 | 11.00 | 5.80 | 4.83 | 14.80 | 43.40 | 89.90 | 30.60 | 34.10 | 228.00 | 10.70
317 | 2.00 | 11.00 | 7.00 | 4.98 | 14.30 | 42.10 | 84.50 | 28.70 | 34.00 | 291.00 | 10.90
318 | 2.00 | 11.00 | 6.20 | 5.23 | 14.20 | 41.90 | 80.10 | 27.20 | 33.90 | 363.00 | 10.10
319 | 200 | 11.00 | 4.00 |5.88 | 16.20 | 48.40 | 82.30 | 27.60 | 33.50 | 240.00 | 10.80
320 | 2.00|11.00 | 5.20 | 5.34 | 14.60 | 43.80 | 82.00 | 27.30 | 33.30 | 271.00 | 10.60
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Annex IB: CBC results of the participants after exclusion of the outliers from two

groups where Place 1 means Jericho group and place 2 means Ramallah group.

# | Place | class | WBC | RBC | Hgb | Hct | MCV | MCH | MCHC | PLT | RDW
1 1.00 |11.00 | 6.00 |5.26 |14.10 | 42.30 | 80.40 | 26.80 | 33.30 | 291.00 | 11.30
2 1.00 | 12.00 | 6.00 | 5.40 | 16.00 | 45.80 | 84.80 | 29.60 | 34.90 | 182.00 | 9.80

3 1.00 | 11.00 | 9.20 | 5.58 | 16.30 | 47.10 | 84.40 | 29.20 | 34.60 | 418.00 | 10.80
4 1.00 |12.00 | 5.90 |4.91 |14.10 | 41.70 | 84.90 | 28.70 | 33.80 | 238.00 | 10.40
5 1.00 |12.00 | 8.00 |5.80 |15.20 | 45.20 | 77.90 | 26.20 | 33.60 | 189.00 | 11.00
6 1.00 | 11.00 | 8.10 | 5.10 | 15.80 | 44.10 | 86.50 | 31.00 | 35.80 | 237.00 | 10.90
7 1.00 | 12.00 | 9.70 | 5.38 | 16.60 | 47.00 | 87.40 | 30.90 | 35.30 | 285.00 | 10.50
8 1.00 | 12.00 | 5.30 | 4.84 | 15.20 | 43.20 | 89.30 | 31.40 | 35.20 | 218.00 | 10.00
9 1.00 |11.00 | 430 |5.31 | 16.20 | 46.00 | 86.60 | 30.50 | 35.20 | 242.00 | 10.10
10 | 1.00 | 12.00 | 5.50 | 4.93 | 14.80 | 42.30 | 85.80 | 30.00 | 35.00 | 335.00 | 10.90
11 | 1.00 | 12.00 | 8.60 | 5.49 | 16.20 | 46.30 | 84.30 | 29.50 | 35.00 | 343.00 | 10.90
12 | 1.00 | 11.00 | 9.40 | 5.73 | 16.40 | 46.90 | 81.80 | 28.60 | 35.00 | 340.00 | 10.50
13 | 1.00 | 12.00 | 7.60 | 5.04 | 16.00 | 45.80 | 90.90 | 31.70 | 34.90 | 177.00 | 10.50
14 | 1.00 | 11.00 | 7.90 | 4.85 | 15.20 | 43.60 | 89.90 | 31.30 | 34.90 | 271.00 | 10.90
15 | 1.00 | 12.00 | 10.70 | 5.31 | 15.50 | 44.60 | 84.00 | 29.20 | 34.80 | 286.00 | 10.10
16 | 1.00 | 12.00 | 5.70 | 5.39 | 16.50 | 47.40 | 87.90 | 30.60 | 34.80 | 214.00 | 10.40
17 | 1.00 | 12.00 | 7.40 | 4.85 | 14.60 | 41.90 | 86.40 | 30.10 | 34.80 | 292.00 | 9.80

18 | 1.00 | 11.00 | 7.30 |4.83 | 14.30 | 41.10 | 85.10 | 29.60 | 34.80 | 211.00 | 10.50
19 | 1.00 | 12.00 | 9.20 | 5.35 | 14.90 | 43.00 | 80.40 | 27.90 | 34.70 | 418.00 | 10.90
o0 | 1.00 | 12.00 | 8.80 |5.17 | 15.10 | 43.50 | 84.10 | 29.20 | 34.70 | 224.00 | 10.20
21 | 1.00 | 12.00 | 790 | 5.53 | 16.10 | 46.40 | 83.90 | 29.10 | 34.70 | 309.00 | 10.20
22 | 1.00 | 11.00 | 6.50 | 5.01 | 14.80 | 42.70 | 85.20 | 29.50 | 34.70 | 293.00 | 10.50
23 | 1.00 | 12.00 | 5.90 | 4.99 | 15.00 | 43.30 | 86.80 | 30.10 | 34.60 | 326.00 | 10.40
24 | 1.00 | 12.00 | 6.50 | 5.63 | 15.90 | 45.90 | 81.50 | 28.20 | 34.60 | 222.00 | 11.20
o5 | 1.00 | 12.00 | 6.50 | 5.26 | 14.90 | 43.20 | 82.10 | 28.30 | 34.50 | 361.00 | 10.70
26 |1.00 | 12.00 | 7.00 | 5.64 | 16.20 | 47.00 | 83.30 | 28.70 | 34.50 | 327.00 | 11.10
27 | 1.00 | 12.00 | 12.70 | 4.69 | 14.20 | 41.20 | 87.80 | 30.30 | 34.50 | 316.00 | 10.50
og | 1.00 | 12.00 | 4.10 | 5.36 | 16.00 | 46.40 | 86.60 | 29.90 | 34.50 | 244.00 | 10.10
29 | 1.00 | 11.00 | 8.60 | 4.88 | 15.20 | 44.10 | 90.40 | 31.10 | 34.50 | 302.00 | 10.60
30 | 1.00 | 12.00 | 7.00 | 5.31 | 15.50 | 45.10 | 84.90 | 29.20 | 34.40 | 261.00 | 10.30
317 | 1.00 | 12.00 | 6.30 | 5.30 | 15.80 | 45.90 | 86.60 | 29.80 | 34.40 | 266.00 | 10.30
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# | Place | class | WBC | RBC | Hgb | Hct | MCV | MCH | MCHC | PLT | RDW
32 | 1.00 |12.00[5.80 |4.50 [ 13.90 | 40.40 | 89.80 | 30.90 | 34.40 | 291.00 | 10.30
33 | 1.00 [11.00 [ 5.70 |5.04 | 14.50 | 42.10 | 83.50 | 28.80 | 34.40 | 202.00 | 10.40
34 |1.00 [11.00 820 |5.53 |15.70 | 45.70 | 82.60 | 28.40 | 34.40 | 230.00 | 10.90
35 | 1.00 |11.00 [ 6.00 |4.45 [ 13.60 | 39.50 | 88.80 | 30.60 | 34.40 | 410.00 | 10.40
36 | 1.00 |12.00 [5.10 |5.50 | 16.00 | 46.60 | 84.70 | 29.10 | 34.30 | 214.00 | 10.40
37 | 1.00 |12.00 | 6.40 |5.02 [ 15.40 | 44.90 | 89.40 | 30.70 | 34.30 | 249.00 | 11.20
38 | 1.00 [12.00[7.00 |5.38 [ 15.10 | 44.00 | 81.80 | 28.10 | 34.30 | 308.00 | 10.50
39 |1.00 [12.00 [ 830 |[4.79 | 13.60 | 39.60 | 82.70 | 28.40 | 34.30 | 322.00 | 11.00
40 | 1.00 |12.00[9.60 |5.19 | 15.10 | 44.00 | 84.80 | 29.10 | 34.30 | 242.00 | 10.80
41 | 1.00 |12.00[5.60 |4.82 |14.60 | 42.60 | 88.40 | 30.30 | 34.30 | 244.00 | 10.50
42 | 1.00 |12.00]6.50 |5.34 | 15.40 | 44.90 | 84.10 | 28.80 | 34.30 | 265.00 | 10.50
43 | 1.00 |11.00]6.30 |4.82 |14.20 | 41.40 | 85.90 | 29.50 | 34.30 | 277.00 | 11.00
44 |1.00 |11.00|7.70 |4.85 |15.10 | 44.00 | 90.70 | 31.10 | 34.30 | 337.00 | 10.50
45 |1.00 |12.00[5.50 |5.04 |14.20 | 41.50 | 82.30 | 28.20 | 34.20 | 183.00 | 10.40
46 | 1.00 |12.00|4.80 |5.39 | 16.30 | 47.70 | 88.50 | 30.20 | 34.20 | 334.00 | 10.50
47 | 1.00 |12.00]7.00 |5.24 |15.00 | 44.00 | 84.00 | 28.60 | 34.10 | 318.00 | 10.30
48 | 1.00 |12.00[5.10 |5.23 |14.50 | 42.50 | 81.30 | 27.70 | 34.10 | 371.00 | 10.80
49 | 1.00 |12.00[7.30 |5.34 |15.00 | 44.00 | 82.40 | 28.10 | 34.10 | 278.00 | 10.60
50 | 1.00 |11.00 [ 6.30 |4.69 | 13.90 | 40.80 | 87.00 | 29.60 | 34.10 | 232.00 | 11.00
51 | 1.00 |11.00 [3.60 |4.90 | 14.50 | 42.50 | 86.70 | 29.60 | 34.10 | 251.00 | 10.10
52 |1.00 | 12.00 | 6.50 |5.11 | 15.00 | 44.10 | 86.30 | 29.40 | 34.00 | 317.00 | 10.70
53 | 1.00 | 12.00 [ 6.80 |5.33 | 15.40 | 45.30 | 85.00 | 28.90 | 34.00 | 320.00 | 11.00
54 | 1.00 |12.00 [8.90 |4.99 | 14.80 | 43.60 | 87.40 | 29.70 | 33.90 | 377.00 | 10.50
55 | 1.00 |11.00 | 6.80 |5.60 | 15.30 | 45.10 | 80.50 | 27.30 | 33.90 | 231.00 | 10.60
56 | 1.00 |12.00 [ 5.00 |5.05 | 14.80 | 43.80 | 86.70 | 29.30 | 33.80 | 226.00 | 10.60
57 |1.00 | 12.00 [ 5.60 |5.58 | 15.30 | 45.30 | 81.20 | 27.40 | 33.80 | 199.00 | 10.50
5 | 1.00 | 12.00 [ 6.90 |4.78 | 14.20 | 42.00 | 87.90 | 29.70 | 33.80 | 260.00 | 10.70
59 | 1.00 |11.00 [ 7.30 |4.61 [13.90 | 41.10 | 89.20 | 30.20 | 33.80 | 435.00 | 10.90
60 | 1.00 |11.00 [ 5.10 |5.57 | 16.10 | 47.70 | 85.60 | 28.90 | 33.80 | 340.00 | 10.10
61 | 1.00 |11.00 | 6.20 |4.86 | 14.10 | 41.70 | 85.80 | 29.00 | 33.80 | 237.00 | 11.10
62 | 1.00 |[12.00 [ 5.50 |4.62 [12.60 | 37.40 | 81.00 | 27.30 | 33.70 | 322.00 | 10.30
63 | 1.00 [ 12.00 | 10.50 | 5.27 | 14.20 | 42.10 | 79.90 | 26.90 | 33.70 | 354.00 | 10.80
64 | 1.00 |12.00 [ 8.30 |5.18 | 14.20 | 42.10 | 81.30 | 27.40 [ 33.70 | 365.00 | 10.20
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# | Place | class | WBC | RBC | Hgb | Hct | MCV | MCH | MCHC | PLT | RDW
65 | 1.00 |12.00 | 6.20 |5.27 | 14.70 | 43.60 | 82.70 | 27.90 | 33.70 | 278.00 | 10.30
66 | 1.00 | 12.00 [ 6.80 |5.46 | 14.50 | 43.00 | 78.80 | 26.60 | 33.70 | 274.00 | 10.70
67 | 1.00 | 12.00 [ 6.40 |5.69 | 16.00 | 47.60 | 83.70 | 28.10 | 33.60 | 270.00 | 10.40
68 | 1.00 |12.00 [ 6.70 |4.91 | 14.70 | 43.80 | 89.20 | 29.90 | 33.60 | 218.00 | 10.40
69 | 1.00 |12.00 [ 7.80 |5.34 | 15.00 | 44.80 | 83.90 | 28.10 | 33.50 | 246.00 | 9.70
70 | 1.00 |12.00 | 7.40 |4.60 | 12.80 | 38.20 | 83.00 | 27.80 | 33.50 | 179.00 | 12.40
71 | 1.00 | 12.00[6.20 |5.13 [ 13.90 | 41.80 | 81.50 | 27.10 | 33.30 | 301.00 | 10.50
72 | 1.00 | 12.00 [ 5.80 |6.06 | 16.20 | 48.70 | 80.40 | 26.70 | 33.30 | 226.00 | 10.30
73 | 1.00 |12.00 [ 7.90 |5.70 | 14.40 | 43.20 | 75.80 | 25.30 | 33.30 | 420.00 | 10.80
74 | 1.00 [ 12.00[7.30 |5.37 | 15.60 | 46.80 | 87.20 | 29.10 | 33.30 | 250.00 | 10.20
75 | 1.00 | 12.00 [ 7.90 |5.61 | 14.40 | 43.60 | 77.70 | 25.70 | 33.00 | 233.00 | 11.00
76 | 1.00 | 11.00 [ 5.10 |4.93 | 13.50 | 40.90 | 83.00 | 27.40 | 33.00 | 288.00 | 9.90
27 | 1.00 | 11.00 [ 9.30 |5.83 | 14.80 | 44.90 | 77.00 | 25.40 | 33.00 | 302.00 | 10.60
78 | 1.00 |12.00 [ 6.20 |5.28 | 14.80 | 45.00 | 85.20 | 28.00 | 32.90 | 342.00 | 10.10
79 | 1.00 |11.00 | 8.70 |6.10 | 15.50 | 47.50 | 77.90 | 25.40 | 32.60 | 297.00 | 10.80
g0 | 1.00 | 12.00 [ 830 |5.13 [13.80 | 42.40 | 82.70 | 26.90 | 32.50 | 432.00 | 10.40
g1 | 1.00 [12.00[6.50 |5.48 | 13.90 | 42.80 | 78.10 | 25.40 | 32.50 | 229.00 | 10.60
g2 |1.00 |12.00]7.80 |5.69 | 12.80 | 40.00 | 70.30 | 22.50 | 32.00 | 203.00 | 11.50
g3 | 1.00 |11.00[8.60 |5.09 [12.00 |37.50 | 73.70 | 23.60 | 32.00 | 279.00 | 10.30
g4 | 1.00 |11.00[8.10 |6.28 [ 13.40 | 42.40 | 67.50 | 21.30 | 31.60 | 333.00 | 11.10
g5 | 1.00 [ 11.00 [ 4.10 |5.28 | 16.10 | 45.30 | 85.80 | 30.50 | 35.50 | 202.00 | 11.00
g6 | 1.00 [ 11.00[7.20 |5.71 [ 17.20 | 48.70 | 85.30 | 30.10 | 35.30 | 180.00 | 10.80
g7 | 1.00 |12.00|6.50 |5.66 | 16.70 | 47.50 | 83.90 | 29.50 | 35.20 | 281.00 | 11.00
gg | 1.00 |11.00 | 10.00 | 4.89 | 13.60 | 38.70 | 79.10 | 27.80 | 35.10 | 350.00 | 10.60
g9 | 1.00 |11.00|6.50 |5.12 [ 14.70 | 42.20 | 82.40 | 28.70 | 34.80 | 409.00 | 11.00
90 | 1.00 [11.00[5.10 |5.05 | 13.70 | 39.50 | 78.20 | 27.10 | 34.70 | 327.00 | 11.20
91 |1.00 [11.00]7.70 |5.52 | 16.50 | 47.50 | 86.10 | 29.90 | 34.70 | 287.00 | 10.40
92 | 1.00 |11.00[6.90 |5.22 [15.90 | 46.00 | 88.10 | 30.50 | 34.60 | 212.00 | 10.90
93 | 1.00 |11.00 | 10.60 | 5.33 | 15.60 | 45.20 | 84.80 | 29.30 | 34.50 | 265.00 | 10.30
94 | 1.00 |11.00|5.30 |4.67 [13.90 | 40.30 | 86.30 | 29.80 | 34.50 | 283.00 | 10.40
95 |1.00 [11.00 [ 6.60 |4.71 | 14.50 | 42.00 | 89.20 | 30.80 | 34.50 | 203.00 | 10.50
96 | 1.00 [12.00[7.10 |4.63 | 13.80 | 40.10 | 86.60 | 29.80 | 34.40 | 233.00 | 10.70
97 | 1.00 |11.00 [ 5.60 |5.44 [ 15.50 | 45.10 | 82.90 | 28.50 | 34.40 | 348.00 | 10.30
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# | Place | class | WBC | RBC | Hgb | Hct | MCV | MCH | MCHC | PLT | RDW
98 | 1.00 |11.00[5.90 |5.79 [ 17.50 | 50.80 | 87.70 | 30.20 | 34.40 | 261.00 | 10.50
99 |1.00 [11.00[9.70 |5.24 | 15.60 | 45.40 | 86.60 | 29.80 | 34.40 | 342.00 | 10.70
100 | 1.00 | 11.00 | 6.70 | 4.86 | 14.70 | 42.80 | 88.10 | 30.20 | 34.30 | 256.00 | 10.40
101 | 200 | 11.00 | 10.80 | 5.25 | 15.50 | 45.20 | 86.10 | 29.50 | 34.30 | 362.00 | 10.40
102 | 2.00 | 11.00 | 8.00 |5.31 | 15.30 | 44.70 | 84.20 | 28.80 | 34.20 | 300.00 | 10.40
103 | 2.00 | 11.00 | 7.00 |5.51 | 15.30 | 44.70 | 81.10 | 27.80 | 34.20 | 299.00 | 10.70
104 | 1.00 | 11.00 | 9.60 |5.46 | 15.60 | 45.60 | 83.50 | 28.60 | 34.20 | 224.00 | 10.80
105 | 1.00 | 11.00 [ 5.30 |5.13 | 15.30 | 44.70 | 87.10 | 29.80 | 34.20 | 210.00 | 10.50
106 | 1.00 | 11.00 | 440 |5.14 | 15.20 | 44.50 | 86.60 | 29.60 | 34.20 | 326.00 | 10.00
107 | 2.00 | 11.00 | 12.40 | 5.63 | 16.60 | 48.50 | 86.10 | 29.50 | 34.20 | 346.00 | 10.60
108 | 1.00 | 11.00 | 7.00 |4.81 | 14.30 | 41.90 | 87.10 | 29.70 | 34.10 | 164.00 | 10.70
109 | 1.00 | 11.00 [ 5.60 |5.00 | 15.00 | 44.00 | 88.00 | 30.00 | 34.10 | 295.00 | 10.40
110 | 1.00 | 11.00 | 6.50 | 4.52 | 14.00 | 41.10 [ 90.90 | 31.00 | 34.10 | 302.00 | 10.10
111 | 1.00 | 12.00 | 6.50 | 4.51 | 12.80 | 37.60 | 83.40 | 28.40 | 34.00 | 368.00 | 10.70
112 | 1.00 | 11.00 | 7.10 |5.04 | 14.20 | 41.80 | 82.90 | 28.20 | 34.00 | 368.00 | 10.70
113 | 1.00 | 11.00 [ 6.70 |5.78 | 16.70 | 49.30 | 85.30 | 28.90 | 33.90 | 380.00 | 10.30
114 | 1.00 | 11.00 [ 9.40 |5.36 | 14.70 | 43.30 | 80.80 | 27.40 | 33.90 | 353.00 | 12.20
115 | 1.00 | 12.00 | 8.60 |5.18 | 15.40 | 45.60 | 88.00 | 29.70 | 33.80 | 307.00 | 9.80
116 | 1.00 | 12.00 | 8.00 |4.50 | 14.00 | 41.40 | 92.00 | 31.10 | 33.80 | 314.00 | 9.80
117 | 1.00 | 11.00 | 430 [5.43 | 15.50 | 45.80 | 84.30 | 28.50 | 33.80 | 217.00 | 10.80
118 | 1.00 | 11.00 [ 9.20 | 4.88 | 14.00 | 41.40 | 84.80 | 28.70 | 33.80 | 466.00 | 10.20
119 | 1.00 | 11.00 | 5.40 |4.83 | 13.80 | 40.80 | 84.50 | 28.60 | 33.80 | 255.00 | 10.20
120 | 1.00 | 11.00 | 8.80 |5.27 | 13.60 | 40.40 | 76.70 | 25.80 | 33.70 | 385.00 | 10.80
121 | 1.00 | 11.00 | 10.50 | 5.42 | 14.30 | 42.40 | 78.20 | 26.40 | 33.70 | 442.00 | 11.80
122 | 1.00 | 12.00 | 450 | 4.92 | 14.00 | 41.70 | 84.80 | 28.50 | 33.60 | 309.00 | 10.30
123 | 1.00 | 11.00 | 6.40 |5.18 | 14.30 | 42.60 | 82.20 | 27.60 | 33.60 | 235.00 | 10.20
124 | 1.00 | 11.00 | 6.50 | 4.89 | 14.40 | 42.80 | 87.50 | 29.40 | 33.60 | 237.00 | 10.50
125 | 1.00 | 11.00 | 9.10 |4.97 | 14.70 | 43.80 | 88.10 | 29.60 | 33.60 | 465.00 | 10.70
126 | 1.00 | 11.00 | 6.10 |4.57 | 14.00 | 41.80 | 91.50 | 30.60 | 33.50 | 196.00 | 9.70
197 | 1.00 | 11.00 | 6.20 |5.14 | 13.00 | 38.80 | 75.50 | 25.30 | 33.50 | 408.00 | 11.30
128 | 1.00 | 11.00 | 6.60 |5.49 | 14.40 | 43.00 | 78.30 | 26.20 | 33.50 | 301.00 | 10.60
129 | 1.00 | 11.00 | 8.30 |5.85 | 16.00 | 47.90 | 81.90 | 27.40 | 33.40 | 296.00 | 9.90
130 | 1.00 | 11.00 | 8.30 |5.40 | 13.40 | 40.30 | 74.60 | 24.80 | 33.30 | 316.00 | 11.50
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# | Place | class | WBC | RBC | Hgb | Hct | MCV | MCH | MCHC | PLT | RDW
131 | 2.00 | 11.00 | 8.80 |5.52 | 14.70 | 44.10 | 79.90 | 26.60 | 33.30 | 372.00 | 10.50
132 | 1.00 | 11.00 | 7.60 |5.04 | 14.60 | 43.80 | 86.90 | 29.00 | 33.30 | 315.00 | 10.90
133 | 1.00 | 11.00 | 6.70 |5.59 | 15.70 | 47.10 | 84.30 | 28.10 | 33.30 | 340.00 | 11.00
134 | 1.00 [ 11.00 | 6.30 |5.10 | 13.00 | 39.30 | 77.10 | 25.50 | 33.10 | 433.00 | 11.60
135 | 1.00 | 11.00 | 6.50 |5.81 | 14.60 | 44.40 | 76.40 | 25.10 [ 32.90 | 223.00 | 10.90
136 | 1.00 | 11.00 | 450 |5.44 | 14.00 | 42.70 | 78.50 | 25.70 | 32.80 | 225.00 | 11.60
137 | 1.00 | 11.00 | 7.80 |5.43 | 16.10 | 46.20 | 85.10 | 29.70 | 34.80 | 315.00 | 10.70
138 | 1.00 | 11.00 | 440 | 4.86 | 15.50 | 45.10 [ 92.80 | 31.90 | 34.40 | 185.00 | 10.30
139 | 1.00 | 11.00 | 5.40 |4.71 | 13.1038.20 | 81.10 | 27.80 | 34.30 | 283.00 | 10.80
140 | 1.00 [ 11.00 | 7.30 |5.06 | 15.10 | 44.10 | 87.20 | 29.80 | 34.20 | 205.00 | 10.70
141 | 1.00 | 11.00 | 11.90 | 5.54 | 16.20 | 47.60 | 85.90 | 29.20 | 34.00 | 340.00 | 10.30
142 | 1.00 | 11.00 | 7.50 | 4.80 | 13.40 | 39.50 | 82.30 | 27.90 | 33.90 | 239.00 | 11.00
143 | 1.00 | 11.00 | 6.50 |5.51 | 16.00 | 46.30 | 85.80 | 29.00 | 33.80 | 253.00 | 10.70
144 | 1.00 | 11.00 | 8.90 | 4.77 | 13.60 | 40.20 | 84.30 | 28.50 | 33.80 | 398.00 | 10.40
145 | 1.00 | 11.00 | 8.10 |4.97 | 14.40 | 42.80 | 86.10 | 29.00 | 33.60 | 321.00 | 11.60
146 | 1.00 | 11.00 | 7.40 |5.33 | 15.20 | 45.20 | 84.80 | 28.50 | 33.60 | 257.00 | 10.80
147 | 200 | 12.00 | 8.46 |5.69 | 16.60 | 47.90 | 84.20 | 29.20 | 34.70 | 392.00 | 10.10
148 | 2.00 | 12.00 | 7.50 |5.92 | 16.90 | 48.80 | 82.40 | 28.50 | 34.60 | 229.00 | 10.90
149 | 2.00 | 12.00 | 5.60 |4.86 | 15.30 | 43.40 | 89.30 | 31.50 | 35.30 | 279.00 | 10.50
150 | 2.00 | 12.00 | 12.50 | 5.20 | 16.30 | 46.40 | 89.20 | 31.30 | 35.10 | 345.00 | 9.70
151 | 2.00 | 12.00 | 7.60 | 6.17 | 18.40 | 52.60 | 85.30 | 29.80 | 35.00 | 236.00 | 10.60
152 | 2.00 | 12.00 [ 8.00 |5.36 | 16.00 | 45.70 | 85.30 | 29.90 | 35.00 | 128.00 | 10.30
153 | 200 | 12.00 | 8.70 |5.73 | 16.40 | 46.90 | 81.80 | 28.60 | 35.00 | 168.00 | 11.10
154 | 2.00 | 12.00 | 5.50 |5.55 | 16.10 | 46.30 | 83.40 | 29.00 | 34.80 | 317.00 | 10.90
155 | 2.00 | 12.00 | 7.80 |5.47 | 15.40 | 44.40 | 81.20 | 28.20 | 34.70 | 272.00 | 10.40
156 | 2.00 | 12.00 [ 8.00 | 6.09 | 18.10 | 52.10 | 85.60 | 29.70 | 34.70 | 263.00 | 10.80
157 | 2.00 | 12.00 | 8.40 |5.43 | 15.90 | 45.90 | 84.50 | 29.30 | 34.60 | 247.00 | 11.80
158 | 200 | 12.00 | 6.20 |5.12 | 14.90 | 43.10 | 84.20 | 29.10 | 34.60 | 232.00 | 10.30
159 | 2.00 | 12.00 | 6.40 |5.40 | 15.70 | 45.50 | 84.30 | 29.10 | 34.50 | 339.00 | 10.50
160 | 200 | 12.00 | 7.60 |5.34 | 16.50 | 47.80 | 89.50 | 30.90 | 34.50 | 301.00 | 10.60
161 | 2.00 | 12.00 [ 5.50 | 4.82 | 14.90 | 43.20 | 89.60 | 30.90 | 34.50 | 254.00 | 10.30
162 | 200 | 12.00 | 6.30 | 5.36 | 15.40 | 44.70 | 83.40 | 28.70 | 34.50 | 247.00 | 10.90
163 | 200 | 12.00 | 7.50 |5.64 | 15.90 | 46.10 | 81.70 | 28.20 | 34.50 | 191.00 | 10.60
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# | Place | class | WBC | RBC | Hgb | Hct | MCV | MCH | MCHC | PLT | RDW
164 | 200 | 12.00 | 7.80 |5.57 | 15.80 | 45.80 | 82.20 | 28.40 | 34.50 | 249.00 | 10.80
165 | 2.00 | 12.00 | 6.90 |5.17 | 15.10 | 43.70 | 84.70 | 29.20 | 34.50 | 294.00 | 10.20
166 | 200 | 12.00 [ 3.80 |5.32 | 15.40 | 44.60 | 83.80 | 28.90 | 34.50 | 268.00 | 11.20
167 | 200 | 12.00 | 5.80 |5.11 | 15.80 | 45.80 | 89.60 | 30.90 | 34.50 | 301.00 | 10.30
168 | 200 | 11.00 | 5.90 |4.71 | 14.10 | 41.00 | 87.00 | 29.90 | 34.40 | 218.00 | 10.30
169 | 200 | 12.00 | 7.10 |5.40 | 16.50 | 48.10 | 89.10 | 30.60 | 34.30 | 234.00 | 10.40
170 | 2.00 | 12.00 | 7.50 |6.13 | 17.10 | 49.80 | 81.20 | 27.90 | 34.30 | 229.00 | 10.70
171 | 2.00 | 12.00 [ 5.00 |5.04 | 15.80 | 46.10 | 91.50 | 31.30 | 34.30 | 222.00 | 10.30
172 | 2.00 | 12.00 | 6.00 |5.07 | 15.70 | 45.80 | 90.30 | 31.00 | 34.30 | 249.00 | 10.20
173 | 200 | 11.00 | 7.80 |5.03 | 14.60 | 42.60 | 84.70 | 29.00 | 34.30 | 367.00 | 10.70
174 | 2.00 | 12.00 [ 9.10 |5.59 | 15.90 | 46.50 | 83.20 | 28.40 | 34.20 | 231.00 | 10.20
175 | 2.00 | 12.00 | 10.20 | 5.32 | 15.30 | 44.80 | 84.20 | 28.80 | 34.20 | 311.00 | 10.00
176 | 2.00 | 11.00 | 8.30 | 4.56 | 13.90 | 40.70 | 89.30 | 30.50 | 34.20 | 220.00 | 10.60
177 | 200 | 12.00 | 7.10 [ 6.09 | 17.70 | 51.90 | 85.20 | 29.10 | 34.10 | 213.00 | 10.60
178 | 2.00 | 12.00 | 9.80 | 5.55 | 15.50 | 45.50 | 82.00 | 27.90 | 34.10 | 337.00 | 10.80
179 | 2.00 | 12.00 [ 8.20 |5.02 | 14.80 | 43.40 | 86.50 | 29.50 | 34.10 | 321.00 | 10.20
180 | 2.00 | 12.00 [ 9.00 |5.48 | 16.20 | 47.50 | 86.70 | 29.60 | 34.10 | 318.00 | 10.00
181 | 2.00 | 12.00 | 10.90 | 5.27 | 15.40 | 45.30 | 86.00 | 29.20 | 34.00 | 375.00 | 10.50
182 | 200 [ 12.00 | 8.40 |5.39 | 15.30 | 45.00 | 83.50 | 28.40 | 34.00 | 222.00 | 10.50
183 | 200 | 12.00 | 6.80 |5.36 | 15.20 | 44.70 | 83.40 | 28.40 | 34.00 | 270.00 | 10.80
184 | 2.00 | 12.00 | 440 |5.37 | 14.80 | 43.50 | 81.00 | 27.60 | 34.00 | 316.00 | 11.20
185 | 2.00 | 12.00 [ 5.60 |5.33 | 14.90 | 44.00 | 82.60 | 28.00 | 33.90 | 339.00 | 10.50
186 | 200 | 12.00 | 11.30 | 5.55 | 15.00 | 44.20 | 79.60 | 27.00 | 33.90 | 232.00 | 11.90
187 | 200 | 12.00 | 5.00 |4.40 | 12.90 | 38.10 | 86.60 | 29.30 [ 33.90 | 273.00 | 11.20
188 | 200 | 12.00 | 3.40 |4.73 | 13.90 | 41.10 | 86.90 | 29.40 | 33.80 | 249.00 | 10.00
189 | 2.00 | 12.00 | 8.10 |5.27 | 16.30 | 48.30 | 91.70 | 30.90 | 33.70 | 215.00 | 10.20
190 | 2.00 | 12.00 | 6.00 |5.46 | 14.50 | 43.00 | 78.80 | 26.60 | 33.70 | 265.00 | 10.00
191 | 200 [ 12.00 | 7.40 |6.18 | 15.90 | 47.20 | 76.40 | 25.70 [ 33.70 | 271.00 | 11.00
192 | 200 [ 12.00 | 6.30 |5.78 | 14.40 | 42.70 | 73.90 | 24.90 | 33.70 | 223.00 | 11.20
193 | 200 | 11.00 | 9.90 |5.45 | 15.60 | 46.40 | 85.10 | 28.60 | 33.60 | 264.00 | 11.10
194 | 2.00 | 12.00 | 10.10 | 5.36 | 16.00 | 47.70 | 89.00 | 29.90 | 33.50 | 308.00 | 9.90
195 | 2.00 | 12.00 | 7.40 |5.62 | 15.20 | 45.50 | 81.00 | 27.00 | 33.40 | 268.00 | 10.90
196 | 200 | 12.00 | 7.60 | 5.58 | 15.80 | 47.40 | 84.90 | 28.30 | 33.30 | 274.00 | 10.30
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# | Place | class | WBC | RBC | Hgb | Hct | MCV | MCH | MCHC | PLT | RDW
197 | 200 | 12.00 | 420 |5.03 | 13.00 39.10 | 77.70 | 25.80 | 33.20 | 252.00 | 11.20
198 | 2.00 | 12.00 | 10.50 | 6.28 | 15.90 | 48.10 | 76.60 | 25.30 | 33.10 | 312.00 | 11.10
199 | 2.00 | 11.00 | 6.70 |5.21 | 15.70 | 45.10 | 86.60 | 30.10 | 34.80 | 300.00 | 10.30
200 | 200 | 11.00 | 7.20 | 5.06 | 16.00 | 45.00 | 88.90 | 31.60 | 35.60 | 256.00 | 10.60
201 | 200 | 11.00 | 7.40 |4.86 | 14.70 | 41.50 | 85.40 | 30.20 | 35.40 | 286.00 | 10.40
202 | 200 | 11.00 | 7.50 |4.97 | 15.00 | 42.40 | 85.30 | 30.20 | 35.40 | 244.00 | 10.60
203 | 2.00 | 11.00 [ 7.60 |5.30 | 16.60 | 46.90 | 88.50 | 31.30 | 35.40 | 240.00 | 10.30
204 | 2.00 | 11.00 [ 6.80 |5.35 | 15.80 | 44.90 | 83.90 | 29.50 | 35.20 | 210.00 | 11.50
205 | 200 | 12.00 [ 5.50 | 4.48 | 14.40 | 41.20 | 92.00 | 32.10 | 35.00 | 236.00 | 9.90
206 | 200 | 11.00 | 6.40 |5.25 | 15.90 | 45.40 | 86.50 | 30.30 | 35.00 | 237.00 | 10.50
207 | 200 | 11.00 [ 7.10 |5.88 | 16.70 | 47.90 | 81.50 | 28.40 | 34.90 | 300.00 | 10.50
208 | 2.00 | 11.00 [ 5.40 |5.64 | 16.30 | 46.70 | 82.80 | 28.90 | 34.90 | 246.00 | 10.80
209 | 2.00 | 12.00 [ 7.20 | 5.68 | 16.90 | 48.60 | 85.60 | 29.80 | 34.80 | 197.00 | 10.20
210 | 200 | 12.00 | 7.40 |5.65 | 16.90 | 48.70 | 86.20 | 29.90 | 34.70 | 240.00 | 10.40
211 | 2.00 | 12.00 [ 8.90 |5.00 | 15.70 | 45.20 | 90.40 | 31.40 | 34.70 | 290.00 | 10.50
212 | 2.00 | 11.00 [ 6.20 |4.82 | 14.40 | 41.50 | 86.10 | 29.90 | 34.70 | 214.00 | 10.90
213 | 2.00 | 11.00 [ 6.90 |5.40 | 15.30 | 44.10 | 81.70 | 28.30 | 34.70 | 214.00 | 10.90
214 | 2.00 | 11.00 [ 8.30 | 4.99 | 15.40 | 44.40 | 89.00 | 30.90 | 34.70 | 282.00 | 10.10
215 | 200 | 11.00 [ 6.30 |5.41 | 15.60 | 45.10 | 83.40 | 28.80 | 34.60 | 197.00 | 10.80
216 | 200 | 11.00 | 10.20 | 4.93 | 14.20 | 41.00 | 83.20 | 28.80 | 34.60 | 250.00 | 10.50
217 | 2.00 | 11.00 | 11.50 | 5.23 | 14.70 | 42.50 | 81.30 | 28.10 | 34.60 | 288.00 | 10.50
218 | 2.00 | 11.00 [ 5.20 |5.63 | 16.00 | 46.20 | 82.10 | 28.40 | 34.60 | 258.00 | 10.70
219 | 200 | 11.00 | 8.50 |5.00 | 15.10 | 43.70 | 87.40 | 30.20 | 34.60 | 365.00 | 10.70
220 | 200 | 11.00 [ 7.10 |5.32 | 15.70 | 45.40 | 85.30 | 29.50 | 34.60 | 238.00 | 10.50
9971 |2.00 | 11.00 [ 5.10 |4.71 | 14.30 | 41.30 | 87.76 | 30.40 | 34.60 | 155.00 | 10.80
292 1 2.00 | 11.00 [ 7.80 |5.07 | 15.20 | 44.00 | 86.80 | 30.00 | 34.50 | 245.00 | 11.10
293 |1 2.00 | 11.00 [ 5.40 |4.73 | 14.30 | 41.00 | 87.70 | 30.20 | 34.50 | 165.00 | 10.70
294 | 2.00 [ 11.00 [ 7.20 |5.18 | 15.30 | 44.40 | 85.70 | 29.50 | 34.50 | 252.00 | 10.30
295 | 2.00 | 11.00 | 7.70 | 5.65 | 16.20 | 46.90 | 83.00 | 28.70 | 34.50 | 254.00 | 11.00
296 | 200 | 11.00 | 6.20 | 5.29 | 15.40 | 44.60 | 84.30 | 29.10 | 34.50 | 308.00 | 11.00
297 12.00 | 12.00 [ 5.80 |5.43 | 15.60 | 46.20 | 83.70 | 28.20 | 34.40 | 188.00 | 10.40
228 | 2.00 | 11.00 [ 8.90 |5.98 | 17.10 | 49.70 | 83.10 | 28.60 | 34.40 | 225.00 | 10.60
299 | 200 | 11.00 [ 7.10 | 5.49 | 16.40 | 47.70 | 86.90 | 29.90 | 34.40 | 263.00 | 10.60
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# | Place | class | WBC | RBC | Hgb | Hct | MCV | MCH | MCHC | PLT | RDW
230 | 200 | 11.00 | 7.00 |5.01 | 14.40 | 41.80 | 83.40 | 28.70 | 34.40 | 276.00 | 11.00
231 | 2.00 | 11.00 [ 4.90 |5.34 | 15.70 | 45.60 | 85.40 | 29.40 | 34.40 | 232.00 | 10.30
232 | 2.00 | 11.00 [ 6.00 |5.20 | 15.30 | 44.50 | 85.60 | 29.40 | 34.40 | 261.00 | 10.40
233 | 200 | 11.00 | 7.00 |5.54 | 16.50 | 48.10 | 86.80 | 29.80 | 34.30 | 264.00 | 10.20
234 | 200 | 11.00 | 6.00 |5.58 | 15.90 | 46.30 | 83.00 | 28.50 | 34.30 | 189.00 | 11.00
235 | 200 | 12.00 | 6.00 |5.61 | 16.00 | 46.80 | 83.40 | 28.50 | 34.20 | 251.00 | 10.70
236 | 2.00 | 11.00 [ 5.20 |5.28 | 14.90 | 43.60 | 82.60 | 28.20 | 34.20 | 309.00 | 11.50
237 12.00 | 11.00 [ 9.10 |5.64 | 15.20 | 44.50 | 78.90 | 27.00 | 34.20 | 288.00 | 10.20
238 | 200 | 11.00 [ 6.70 |5.30 | 15.10 | 44.10 | 83.20 | 28.50 | 34.20 | 232.00 | 10.10
239 | 200 | 11.00 [ 7.20 |5.30 | 14.20 | 41.50 | 78.30 | 26.80 | 34.20 | 268.00 | 10.60
240 | 2.00 | 12.00 [ 5.60 |5.47 | 15.60 | 45.80 | 83.70 | 28.50 | 34.10 | 178.00 | 10.60
041 | 200 | 12.00 [ 6.70 |5.73 | 16.00 | 47.00 | 82.00 | 27.90 | 34.00 | 238.00 | 10.90
242 | 2.00 | 12.00 [ 4.60 |5.43 | 14.60 | 43.00 | 79.20 | 26.90 | 34.00 | 196.00 | 10.70
243 | 200 | 12.00 [ 5.50 |5.61 | 16.00 | 47.10 | 84.00 | 28.50 | 34.00 | 325.00 | 9.90
244 | 200 | 11.00 [ 7.30 |5.38 | 14.80 | 43.50 | 80.90 | 27.50 | 34.00 | 266.00 | 10.70
045 | 2.00 | 11.00 [ 7.20 | 4.94 | 14.70 | 43.20 | 87.40 | 29.80 | 34.00 | 285.00 | 10.40
246 | 2.00 | 11.00 [ 7.20 |5.35 | 16.10 | 47.30 | 88.40 | 30.10 | 34.00 | 229.00 | 10.70
247 1 2.00 | 11.00 [ 6.30 |5.04 | 14.80 | 43.50 | 86.30 | 29.40 | 34.00 | 295.00 | 10.70
248 | 200 | 11.00 [ 8.70 | 4.89 | 14.30 | 42.10 | 86.10 | 29.20 | 34.00 | 336.00 | 10.50
249 | 200 | 11.00 [ 5.90 |5.53 | 16.20 | 47.60 | 86.10 | 29.30 | 34.00 | 133.00 | 11.00
250 | 2.00 | 11.00 [ 7.60 |5.22 | 14.70 | 43.20 | 82.80 | 28.20 | 34.00 | 209.00 | 11.00
o571 | 2.00 | 11.00 [ 7.20 |4.92 | 14.40 | 42.40 | 86.20 | 29.30 | 34.00 | 310.00 | 10.50
252 | 200 | 12.00 [ 6.00 |5.21 | 15.30 | 45.10 | 86.60 | 29.40 | 33.90 | 283.00 | 10.40
053 | 200 | 12.00 | 8.50 |4.67 | 13.70 | 40.40 | 86.50 | 29.30 | 33.90 | 301.00 | 10.40
054 | 200 | 11.00 [ 9.30 |5.17 | 14.80 | 43.60 | 84.30 | 28.60 | 33.90 | 272.00 | 10.60
55 | 2.00 | 11.00 [ 5.70 |5.35 | 15.70 | 46.30 | 86.50 | 29.30 | 33.90 | 232.00 | 10.20
256 | 2.00 | 11.00 [ 7.00 |5.08 | 14.80 | 43.70 | 86.00 | 29.10 | 33.90 | 270.00 | 10.70
o57 | 200 | 11.00 | 7.40 |4.84 | 14.00 | 41.30 | 85.30 | 28.90 | 33.90 | 304.00 | 11.20
o5g | 200 | 11.00 [ 6.70 | 4.86 | 14.50 | 42.80 | 88.10 | 29.80 | 33.90 | 304.00 | 10.80
259 | 200 | 11.00 | 5.80 |5.47 | 16.10 | 47.50 | 86.80 | 29.40 | 33.90 | 295.00 | 10.20
260 | 2.00 | 11.00 [ 4.40 |5.39 | 14.90 | 44.00 | 81.60 | 27.60 | 33.90 | 174.00 | 10.50
261 | 2.00 | 11.00 [ 5.60 |5.17 | 14.40 | 42.60 | 82.40 | 27.90 | 33.80 | 355.00 | 10.80
262 | 200 | 11.00 [ 5.90 |5.29 | 15.50 | 45.80 | 86.60 | 29.30 | 33.80 | 278.00 | 10.80
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# | Place | class | WBC | RBC | Hgb | Hct | MCV | MCH | MCHC | PLT | RDW
263 | 200 | 11.00 | 7.40 |5.73 | 15.30 | 45.30 | 79.10 | 26.70 | 33.80 | 282.00 | 10.50
264 | 2.00 | 11.00 [ 6.90 |4.84 | 13.40 | 39.60 | 81.80 | 27.70 | 33.80 | 253.00 | 10.80
265 | 2.00 | 11.00 [ 9.20 |5.59 | 15.60 | 46.20 | 82.60 | 27.90 | 33.80 | 142.00 | 11.10
266 | 200 | 11.00 | 6.40 |4.93 | 14.00 | 41.40 | 84.00 | 28.40 | 33.80 | 368.00 | 10.40
267 | 200 | 11.00 | 6.10 |5.25 | 14.80 | 43.80 | 83.40 | 28.20 | 33.80 | 181.00 | 11.00
268 | 200 | 11.00 [ 7.20 |5.05 | 14.30 | 42.30 | 83.80 | 28.30 | 33.80 | 277.00 | 10.80
269 | 2.00 | 11.00 [ 5.70 |4.73 | 13.30 | 39.40 | 83.30 | 28.10 | 33.80 | 315.00 | 10.60
570 | 2.00 | 11.00 [ 5.40 |5.00 | 13.90 | 41.20 | 82.40 | 27.80 | 33.70 | 175.00 | 11.40
571 | 2.00 | 11.00 [ 6.00 |5.26 | 14.40 | 42.80 | 81.40 | 27.40 | 33.60 | 164.00 | 10.50
272 12.00 [11.00 [ 9.70 |6.11 | 15.80 | 47.20 | 77.30 | 25.90 | 33.50 | 444.00 | 10.80
273 1 2.00 | 11.00 [ 6.20 |5.35 | 15.20 | 45.40 | 84.90 | 28.40 | 33.50 | 282.00 | 10.50
274 | 2.00 | 11.00 [ 9.50 |5.24 | 14.60 | 43.60 | 83.20 | 27.90 | 33.50 | 269.00 | 11.30
275 | 2.00 | 11.00 [ 6.40 |5.72 | 15.20 | 45.40 | 79.40 | 26.60 | 33.50 | 289.00 | 10.80
276 | 200 | 12.00 | 6.80 |6.00 | 15.80 | 47.30 | 78.80 | 26.30 | 33.40 | 318.00 | 10.20
277 | 2.00 | 11.00 | 10.60 | 5.22 | 14.70 | 44.00 | 84.30 | 28.20 | 33.40 | 204.00 | 11.30
278 | 2.00 | 11.00 [ 4.60 |5.73 [ 12.70 | 38.20 | 66.70 | 22.20 | 33.20 | 344.00 | 12.50
279 | 2.00 | 11.00 [ 6.10 |4.98 | 13.80 | 41.90 | 84.10 | 27.70 | 32.90 | 227.00 | 10.90
280 | 2.00 | 11.00 [ 6.00 |5.71 | 12.80 | 39.10 | 68.50 | 22.40 | 32.70 | 201.00 | 11.70
g1 | 200 | 11.00 | 6.60 |4.92 | 13.30 | 40.80 | 82.90 | 27.00 | 32.60 | 195.00 | 10.20
282 | 200 | 11.00 [ 490 |5.57 | 13.60 | 41.80 | 75.00 | 24.40 | 32.50 | 214.00 | 10.80
283 | 2.00 | 11.00 [ 7.60 |6.19 | 14.30 | 44.60 | 72.10 | 23.10 | 32.10 | 211.00 | 11.70
og4 | 2.00 | 11.00 [ 7.50 |5.48 | 15.30 | 43.70 | 79.70 | 27.90 | 35.00 | 311.00 | 10.70
285 | 200 | 11.00 [ 6.70 | 5.52 | 16.00 | 45.90 | 83.20 | 29.00 | 34.90 | 299.00 | 10.70
286 | 200 | 11.00 | 6.40 | 5.65 | 16.30 | 46.80 | 82.80 | 28.80 | 34.80 | 243.00 | 10.70
g7 | 200 | 12.00 | 7.30 |4.88 | 15.10 | 43.70 | 89.50 | 30.90 | 34.60 | 255.00 | 10.40
288 | 2.00 | 11.00 [ 6.70 |5.18 | 15.50 | 44.80 | 86.50 | 29.90 | 34.60 | 251.00 | 10.30
289 | 2.00 | 11.00 [ 4.10 |5.55 | 15.30 | 44.50 | 80.20 | 27.60 | 34.40 | 232.00 | 10.60
290 | 200 | 11.00 [ 5.00 |5.19 | 15.30 | 44.60 | 85.90 | 29.50 | 34.30 | 216.00 | 9.90
291 | 200 | 11.00 [ 7.20 | 4.99 | 14.60 | 42.60 | 85.40 | 29.30 | 34.30 | 388.00 | 10.60
292 | 200 | 11.00 [ 5.20 |5.01 | 14.00 | 40.90 | 81.60 | 27.90 | 34.20 | 177.00 | 10.70
293 | 2.00 | 11.00 [ 5.80 | 4.83 | 14.80 | 43.40 | 89.90 | 30.60 | 34.10 | 228.00 | 10.70
294 | 2.00 | 11.00 [ 7.00 |4.98 | 14.30 | 42.10 | 84.50 | 28.70 | 34.00 | 291.00 | 10.90
295 | 200 | 11.00 [ 6.20 |5.23 | 14.20 | 41.90 | 80.10 | 27.20 [ 33.90 | 363.00 | 10.10
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# | Place | class | WBC | RBC | Hgb | Hct | MCV | MCH | MCHC | PLT | RDW
296 | 2.00 | 11.00 | 400 |5.88 | 16.20 | 48.40 | 82.30 | 27.60 | 33.50 | 240.00 | 10.80
297 | 200 | 11.00 [ 5.20 |5.34 | 14.60 | 43.80 | 82.00 | 27.30 | 33.30 | 271.00 | 10.60
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Annex I1: Analysis of the questionnaire

Information collected by the Place
questionnaire Jericho Ramallah Total
N % N % N %
Class 11 81 55.5% 89 58.9% 170 57.2%
12 65 | 44.5% 62 | 411% | 127 | 42.8%
Total 146 | 100.0% 151 | 100.0% 297 | 100.0%
Residence City 102 | 69.9% 102 | 675% | 204 | 68.7%
place Village 8 5.5% 14 9.3% 22 7.4%
Camp 36 24.7% 35 23.2% 71 23.9%
Residence time | Yes 146 | 100.0% 149 98.7% 295 99.3%
6 months in the [Ng 0 0.0% 2 1.3% 2 0.7%
place
Smoking Yes 44 30.1% 54 35.8% 98 33.0%
e 102 69.9% 97 64.2% 199 67.0%
Smoking Yes 11 25.0% 16 29.6% 27 27.6%
quantity (> 20 ['No 33 75.0% 38 70.4% 71 72.4%
cigarette/day)
Meat eating Meat 141 96.6% 136 90.1% 277 93.3%
Vegetarian 5 3.4% 15 9.9% 20 6.7%
Obesity Under weight 13 8.9% 10 6.6% 23 7.7%
Normal weight 108 | 74.0% 100 | 66.2% | 208 | 70.0%
Over weight 21 14.4% 33 21.9% 54 18.2%
Obese 4 2.7% 8 5.3% 12 4.0%
Eating Yes 93 63.7% 81 53.6% 174 58.6%
breakfast No 53 | 36.3% 70 | 264% | 123 |  41.4%
Drinking  tea | Yes 88 60.3% 101 66.9% 189 63.6%
HEES R 58 | 39.7% 50 | 331% | 108 | 36.4%
Tea  quantity | One 44 50.0% 54 52.9% 98 51.6%
during meals [ Two 34 38.6% 38 37.3% 72 37.9%
(Cups / meal) | three 10 | 11.4% 10 9.8% 20 | 10.5%
Meals One 3 2.1% 5 3.3% 8 2.7%
R Two 50 34.2% 58 38.4% 108 36.4%
Three 93 |  63.7% 88 | 583% | 181 | 60.9%
Sports Yes 43 29.5% 56 37.1% 99 33.3%
No 103 70.5% 95 62.9% 198 66.7%
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Information collected by the Place
questionnaire Jericho Ramallah Total
N % N % N %

Have chronic | Yes 1 0.7% 6 4.0% 7 2.4%
el No 144 | 99.3% 143 | 96.0% | 287 | 97.6%
Life-long drugs | Yes 2 1.4% 2 1.3% 4 1.3%

Na 144 98.6% 149 98.7% 293 98.7%
Are you | Yes 0 0.0% 1 0.7% 1 0.3%
Thalassemia No 75 51.4% 60 39.7% 135 45.5%
carrier? Don’t know

71 48.6% 90 59.6% 161 54.2%

previous blood | Yes 2 1.4% 15 9.9% 17 5.7%
transfusion No 144 98.6% 136 90.1% 280 94.3%
Recent  blood | Yes 0 0.0% 4 28.6% 4 25.0%
WEEEEn 2 | 100.0% 10 | 71.4% 12| 75.0%
Family persons <5 17 11.6% 22 14.6% 39 13.1%
number >/=5 129 88.4% 129 85.4% 258 86.9%
Father No secondary 54 37.0% 53 35.1% 107 36.0%
education level | school education

Secondary school 44 30.1% 41 27.20% 85 28.6%

education

Diploma (2 years) 2 1.4% 16 10.6% 18 6.1%

B 40 | 27.4% 35 | 23.2% 75 | 25.3%

MA 6 4.1% 5 3.3% 11 3.7%

Ph.D. 0 0.0% 1 0.7% 1 0.3%
Mother No secondary 56 38.4% 51 33.8% 107 36.0%
education level Secondary 54 37.0% 52 34.4% 106 35.7%

Diploma 9 6.2% 19 12.6% 28 9.4%

BA 19 | 13.0% 20 | 13.2% 39 | 13.1%

e 7 4.8% 9 6.0% 16 5.4%

Ph.D. 1 0.7% 0 0.0% 1 0.3%
Family <2500 nis 47 | 32.2% 34 | 22.5% 81 | 27.3%
income/month  |"~2500-4500 nis 73 | 50.0% 75 | 497% | 148 |  49.8%

> 4500 nis 26 17.8% 42 27.8% 68 22.9%
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Annex I11: Questionnaire in Arabic
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Annex 1V: Ministry of education permission

Palestinian National Authority Lidacddl) 4yih ol ddaludd)
aslaal) g gy 1 5 )39
Ageupal) Aaaall Aalal) 1Y)

Ministry of Education

Directorat General of School Health

[SRERE Y
AYNY[ 1 [ e il

—a VEvE/ / s gall

‘PMU'L’JAPJS‘ .J'C‘l\

et By — gl (el L6 e
codny g Ayl Apad
Gl 4 I if g gall

2074]m 5 G 210 25, 2S4S e 13,

L il ey Jdeooms s s aldl Zleddl paladl wiel g guagall M 5 LEYL
il bl Ji e sdedl solany) e gOhYl sy fuale Al daay sle] JLSiuY
ol & a0 30 e Calll Fleadl o Ll wile D el il Al Jea Gleslaall
ey Loy o) Y18 55 pem pe 138 el g Bl ) ol (i e (880
A3 e Ul 88 gy a1 Ly (e dalad 4B ga 5ap 050 il g A8 jLie pae Y gl
A Aie 8 e il Al anead el i elael o 5le bl sl
) il g (Allall W3l a) o A il pall il Ly 5o o 5le Sialdl 1 BIG
e e eloa¥l s Y Cusy ol il cilele 7 5l Blaay) cday Slasadll ol ) o o el
el Agleall

copl Aot (Bild 5y | gluiaill g

Lo ginall agdeall g a5l 55 g caY) A5

ol adeil 5 Ay 5 )59 IS5 [ Aas

Ramallah P.O.Box (576) .« il o ) Fax (+972-2-91¥A0Y) S Tel, (+972-2-291¥4eT) il

96



Annex V: Students guardians consent form
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Abstract

Reduction in oxygen partial pressure in the air at high altitude leads to reduced
oxygen saturation in the arteries and results in erythropoietin production, which
stimulates erythropoiesis to restore the appropriate oxygenation status. There are
many studies describing the acclimatization to high altitude and its effect on Complete
Blood Count (CBC) parameters and on exercise. Most of these studies proved the
increase in Hemoglobin (Hgb), erythropoiesis and erythropoietin secretion, while
there is lack of available information about the effect of being below sea level on
CBC test results. This study aimed to evaluate the CBC parameters of people who live
below sea level, for the first time in Palestine, in comparison with those who live
above sea level. Moreover, it is expected by the end of this study that we will be able
to verify the applicability of the reference ranges that have been adopted from other
sources and to assess if we need to establish new reference ranges for people living in
Jericho ( about 300 meters below sea level) and Ramallah (about 900 meters above

sea level).

The study was conducted in February, 2013, where four secondary schools were
chosen for the study: two in Jericho and two in Ramallah. Three hundred and twenty
participants were randomly chosen from eleventh and twelfth grade male students
during this study, where the age of students ranged from 16 to 19 years old.Twenty
three of them were excluded as they did not fit the given criteria. Blood samples were
collected from the rest two hundred ninety seven participants, and analyzed for CBC.
CBC data and questionnaires were analyzed using t-test between two means for
independent samples. Results for the differences between means showed that Red
Blood Cell counts (P=0.005), Hgb (P=0.001), and Hematocrit (P=0.002) have mean
values which are statistically higher among those who live about 900 meter above sea
level than among those who live about 300 meter below sea level, while Platelet count

(PLT) was significantly higher in those who live below sea level (P< 0.001).



Results of t-test for reference ranges showed that CBC reference ranges of
Palestinians are different in comparison with the applied reference ranges adopted
from published reports. Almost all CBC parameters in our study for both groups in
Ramallah and Jericho differ significantly from those in the international studies. This
justifies the need to establish our own reference ranges for this age group and for

adult male population in general.

In conclusion, we found significant difference in hematological parameters (Hgb, Hct,
RBC count, and platelet count) in healthy adult students living above and below sea
level in a representative population sample, which is also the first study from people

living below sea level in Palestine.



