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Abstract

Hematological parameters can be affected by many diseases. Corona virus is one of recent
pandemic that affect many hematological parameters. Wuhan city reported a cluster of cases
of atypical pneumonia with unknown etiology in December 2019.Subsequent contrast led to
identification of a “novel” coronavirus that had caused the disease. Measurement of complete
blood count parameters and peripheral blood morphology is necessary for the diagnosis and
medical care of covid19.

This is a case control study conducted through the period from February 2022 to April 2022 in
Gebra quarantine in Khartoum state. The study population comprise two groups of adults in
different ages for both sex (male 59% and female 61%) in age range from (18 to 85 years
old). Two hundred subjects were recruited for this study, hundred patients with COVID-19
infection and hundred healthy volunteers as control group. The data was collected using
laboratory investigation to obtain complete blood count parameters and peripheral blood
morphology results. Data collected using structured questionnaire which include general
information and anverbal consent wasobtained. Three ml venous blood were collected from
all participants and placed in EDTA anticoagulant containers. The data analyzed by SPSS
version.

The study revealed that Neutrophil, MPV, PDW, PLCR,NLR, WBCs and MCHC values of
case group were significantly higher values (P.V 0.000),(P.v 0.000),(P.V 0.000),(P.V
0.000),(P.V 0.000),(P.V 0.000),(P.V 0.000) respectively compared to control group.
Hemoglobin, Lymphocyte, Platelet, MCV, MCH and RBCs parameters of case group were
significantly lower values (P.V 0.000),(P.V 0.000),(P.V 0.000),(P.V 0.000),(P.V 0.000),(P.V
0.000) in patients with COVID-19 compared to control group.

The study concluded that COVID-19 patients share a common pattern of complete changes in
morphology and blood count parameters.

In this study it is observed that there is no significant relationship between patient’s gender
and COVID-19. Where there is a significant relationship between patient’s age and COVID-

19.
v
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CHAPTER ONE

1 INTRODUCTION
1.1Introduction:

Hematological parameters can be affected by many diseases. Covid-19 is one of the recent
pandemic that affect many hematological parameters. Wuhan city, China, reported a cluster
of cases of atypical pneumonia with unknown etiology in December 2019.Subsequent
contrast led to identification of a “novel” coronavirus that had caused the disease. This new
virus was later named as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and
the disease caused by it was named as coronavirus disease 2019 (COVID-19). In India, the
first COVID-19 case was reported on January 30, 2020, and more than 3.68 million positive
cases had been reported by the end of August 2020.Due to the increasing patient load and the
wide spectrum of clinical illness ranging from asymptomatic infection to fulminant disease.
(Jain et al., 2022)

As the symptoms, fever is often occurring among Covid-19 cases, which can be accompanied
by no symptoms. Dry cough, shortness of breath, dizziness, muscle ache, sore throat,
rhinorrhea, headache, diarrhea, chest pain, vomiting, and nausea are other symptoms of
Covid-19 infection. Sometimes patients had no fever, and several had no irregular
radiological findings (Guan et al., 2020).

A covid-19 pandemic occurs to be an issue to the world. All health professionals have
attempted to find out how to prevent, manage, and cure this pandemic.

COVID-19 patients can be classified as mild, moderate and severe. Several hematological
parameters such as platelets, total white blood cell count, lymphocytes, neutrophils (along
with the neutrophil to lymphocyte and platelet to lymphocyte ratio) and hemoglobin have
been to describe the current state of the complete blood count changes during COVID-19
infection and to summarize the crucial role of some hematological parameters during disease
progression. Decreased counts of platelets, lymphocytes, hemoglobin, eosinophils, and
basophils, increased counts of neutrophils, and increased neutrophil-to-lymphocyte and
platelet-to-lymphocyte ratios have been associated with COVID-19 infection and a worse
clinical outcome (IPata Dedy et al., 2020).



1.2 Rationale:

Many studies from China and other parts of the world showed Changes in hematological
parameters associated and demonstrated with COVID-19 infection,The value of these
changes can be used in forecasting, prognosis and medical care patients.No enough data
regarding this issue in Sudan. Present study therefore aimed to assess the CBC parameters

and morphology in Covid19 patients in Sudan.



1.30Dbjectives:

1.3.1 General objective

To investigate the clinical importance of CBC and peripheral blood morphology in the
diagnosis of covid19.

1.3.2 Specific objectives:

1-To estimate CBC count in covid19 patients and control group.

2-To estimate peripheral blood changes in covid19 patients and control group.

3-To evaluate CBC and peripheral blood morphology in covid19 patients.
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CHAPTER TWO

2 Literature Review
2.1 Background
Mesoviridae and Roniviridae CoV are RNA viruses of the Coronavirinae subfamily. They
belong to the family Coronaviridae and the order Nidovirales (nido Latin for "nest"). The
order Nidovirales consists of the families Coronaviridae, Arteriviridae. (jie cuj et al., 2019).
The distinctive features of Nidovirales are as follows: they (1) contain very large genomes for
RNA viruses, (2) are highly replicative due to the conserved genomic organization(3) exhibit
multiple unique enzymatic activities,(4) extensive ribosomal reading frame switching for the
expression of numerous non-structural genes. The Coronaviridae family has two subfamilies:
Coronavirinae and Torovirinae. The subfamily Coronavirinae consists of Alpha-CoV,
BetaCoV, Gamma-CoV and Delta-CoV based on the genomic structure (cong Y et al., 2017).
2.1.1Viral structure
The CoV are enveloped positive single-stranded RNA viruses with the largest known viral
RNA genomes ranging in size from 8.4-12 kDa. (van der hoekL et al., 2004)
The viral genomes consist of 5" and 3' terminal ends. The 5' end makes up a major part of the
genome and contains open reading frames that encode proteins responsible for viral
replication. The 3' end contains the five structural proteins, namely the spike protein (S),
membrane protein (M), nucleocapsid protein (N), coat protein (E) and the hemagglutinin
esterase (HE)
Protein (Beniac DR et al., .2006).
The S protein mediates attachment and fusion between the virus and the host cell membrane
and also between the infected and neighboring uninfected cells. They are the main inducers
for the neutralization of antibodies in a vaccine. The N protein forms RNA complexes that aid
in viral transcription and assembly. The M protein is the most common structural protein and
also defines the shape of the virus envelope. The E protein is the most enigmatic and smallest
of the major structural proteins that is highly expressed in the infected cell during the viral
replication cycle. The HE protein is responsible for receptor binding and host specificity (van
der hoekL et al., 2004).
2.1.2 SARS and MERS
SARS was first recognized in Guangdong province, China, in November 2002. It advanced
among 30 countries, infecting 79.000 people by 2003 with a fatality of 9.5%. SARS-CoV was



traced and isolated from Himalayan palm civets found in a livestock market in Guangdong,
China (cheng VC et al,.2007).

The zoonotic origin of SARS was also discovered in dogs, ferret badgers and in humans
working at the same market. These market animals were therefore intermediate hosts that
increased the transmission of virus to humans (Woo PC et al, .2005).

Thereon, in 2012, Jeddah, Saudi Arabia, a patient presented with respiratory illness consistent
with pneumonia along with features of renal failure. The patient’s sputum analysis was done
by reverse transciptase (RT-PCR) using pan-CoV primers revealing the viral RNA to be
MERS-CoV.26 As of July 2013, 91 patients were infected with MERS-CoV and had a high
fatality rate of 34%. Bats and Arabian dromedary camels were identified aspotential hosts for
MERS-CoV. Intermediate host reservoir species were also seen in goats, sheep and cows
(Chan JF et al 2015).

2.1.3 Novel CoV

In view of taxonomical classification, SARS-CoV-2 (COVID-19) is one among many other
viruses in the species, SARS-related CoV. However, SARS-CoV and SARS-CoV-2 vary in
terms of disease spectrum, modes of transmission and also diagnostic methods (Cong Yet
etal, .2017).

The recent report on a cluster cases having respiratory illness in Wuhan, Central China, was
followed by a global spread of the disease in a very short duration of time. The samples (oral
and anal swabs, blood and broncho-alveolar fluid lavage) from patients admitted to the
intensive care unit of Wuhan Jinyintan Hospital were sent to Wuhan Institute of Virology.
Pan-CoV PCR primers were used and these samples were positive for CoV (Meo sa et al,
.2020).

This was followed by metagenomics analysis and genomic sequencing study. The results
revealed that this virus was identical (79.6%) to the genetic sequence of SARS-CoVBJ01
leading the WHO to call it novel CoV-2019 (2019-nCoV) (Malik YS 2020).

2.2 transmission and pathogenesis

2.2.1 Zoonosis

CoV are widespread among birds and mammals with cements bats forming the major
evolutionary reservoir and ecological drivers of CoV diversity. CoV causes a large variety of
diseases in pigs, cows, chicken, dogs and cats. The major diseases caused by CoVs in animals
are transmissible gastroenteritis virus, porcine epidemic diarrhoea virus, porcine

hemagglutinating encephalomyelitis virus and murine hepatitis virus. In humans, alpha and
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beta CoV have caused a variety of illness ranging from mild-self-limiting respiratory
infections (HCoV-229E, HCoV-NL63, HCoV-0C43, HCoV-HKUL1) to severe acute
respiratory distress syndrome (ARDS). (Godet M et al, .1992)

Initial cases reported in Wuhan, China, are considered to be an acquired infection from a
zoonotic source from Huanan wholesale seafood market which sold poultry, snake, bats and
other farm animals (Li Q et al, .2020).

2.2.2Modes of spread

Human-to-human transmission occurs through common routes such as direct transmission,
contact transmission and airborne transmissions through aerosols and during medical
procedures. Cough, sneeze, droplet inhalation, contact with oral, nasal and eye mucous
membranes are the common modes of spread. Viral shedding occurs from respiratory tract,
saliva, faeces and urine resulting in other sources of virus spread. The viral load is higher and
of longer duration in patients with severe COVID-19. Spread of COVID-19 from patients to
health workers and flight attenders who were in close contact with the infected patients are
also reported ( Hanies et al ,.2020).

2.2.3 Virus-host interaction

Extensive structural analyses revealed atomic-level interactions between the CoV and the
convoluted tubules), myocardium, bladder (urothelial cells) and also recently the oral mucosa.
ACE2 receptors provide entry of the virus into the host cells and also subsequent viral
replication. The main factors involved in viral pathogenesis of 2019-nCov are spikel subunit
protein, priming by transmembrane protease serine-2 (essential for entry and viral
replication), ACE2 receptor-2019-nCov interaction and downregulation of ACE2 protein.
These factors contribute to atrophy, fibrosis, inflammation and vasoconstriction resulting in
host tissue injury (Xu,H et al,.2019).

Cross-species and human-to-human transmission of COVID-19 is mainly dependent on spike
protein receptor-binding domain and its host receptor ACE2. High expression of ACE2 was
identified in lung (type 11 alveolar cells), esophagus, ileum, colon, kidney (proximal)

2.3 clinical presentation and diagnosis

Based on numerous published studies, the median age was 56 years (range 55-65 years) and
due to the high ACE2 levels in them, males were predominantly affected. Median onset of

disease was 8 days (range 5-13 days) (Guan Wij et al., 2019).



Due to the limited availability of comorbid data, it is important to correlate with previously
established susceptibility factors to SARS and MERS-CoV infection, which include smoking,
hypertension, diabetes, cardiovascular disease, and/or chronic disease (Van Doremalen N et
al., 2014).

Based on analysis by the National Health Institute in Italy, the median age at death for
patients with COVID-19 was 81 years. In China, the case fatality rate (CFR) increased with
age, showing a CFR of 18% for patients over 80 years (Wilson N et al., 2020).

This prominent target for the elderly population is attributed to underlying chronic diseases
and decreased immune function. Decreased immune function has been associated with
cytokine storm syndrome (elevated circulating inflammatory cytokines) and
hyperinflammatory syndrome. These syndromes are triggered by viral infections and are also
predictors of death in patients with COVID-19 (Mehta P et al,. 2020).

2.3.2 Signs and symptoms

Clinical features varied from mild disease to severe or fatal disease. The most common
symptoms of COVID-19 were non-specific and mainly included fever, cough and myalgia.
Other minor symptoms included sore throat, headache, chills, nausea or vomiting, diarrhea,
senility and conjunctival congestion. COVID-19 was clinically classified as mild to moderate
disease (no pneumonia and pneumonia), severe disease (dyspnea, respiratory rate above
30/min, oxygen saturation below 93%, PaO2/FiO2 ratio below 300 and/or pneumonia)
infiltrates more than 50 % of lung field within 24-48 hours) and critical (respiratory failure,
septic shock, and/or multiple organ dysfunction/failure) (singhal et al., 2020).

Many of the older patients with severe illness had evidence of a chronic underlying disease
such as cardiovascular disease, lung disease, kidney disease or malignant tumors. (wang T et
al,.2020)

2.4Laboratory Evaluation and Confirmation

Laboratory findings most consistent with COVID-19 were lymphocytopenia, elevated
Creactive protein, and elevated erythrocyte sedimentation rate. Lymphocytopenia is due to
necrosis or apoptosis of lymphocytes. The severity of lymphocytopenia reflects the severity
of COVID-19.Procalcitonin was frequently elevated and associated with co-infection in most
reported pediatric cases (Xia W et al., 2020).

Detection of COVID-19 is based on virological detection by RT-PCR using swabs
(nasopharynx, oropharynx), sputum and feces, chest X-ray and dynamic monitoring of
inflammatory mediators (e.g. cytokines) (Shi H et al., 2020).

7



2.4.1 Radiological Findings

The most standard patterns observed on chest CT were ground-glass opacity, ill-defined
margins, smooth or irregular interlobular septal thickening, air bronchogram, crazy paving
pattern, and thickening of the adjacent pleura. Chest CT is considered a sensitive routine
imaging tool for COVID-19 (Wang Y XJ et al., 2020).

2.5 MANAGEMENT:

When cluster infection is first presented, many cases have been treated with antiviral therapy,
antibacterial therapy, and glucocorticoids. Observation forms the mainstay for those who
have mild illness. Moderately ill patients with underlying chronic disease,
immunocompromised conditions and pregnancy require hospitalization (Xu K et al., 2020).
The antimalarial drugs hydroxychloroquine and chloroquine have shown promising results in
early in vitro studies. However, the most robust and recent study in patients with COVID-19
has not provided clear evidence of the benefit of treatment with hydroxychloroquine or
chloroquine. ( Mehra MR et al. , 2020).

2.6Treatment of systemic complications of COVID-19

Extracorporeal membrane oxygenation is an excellent choice for patients with ARDS
progressing to respiratory failure. Other treatment methods include high-flow nasal oxygen
and endotracheal intubation. Patients with sustained refractory hypoxemia require a prone
position, followed by neuromuscular blockade, inhaled nitric oxide (at 5 to 20 ppm), and also
ensure optimal end-expiratory pressure by inserting an esophageal balloon (Matthay MA et
al., 2020).

In shock with acute renal failure, a negative fluid balance must be achieved by dialysis.
Antibiotics are used for pre- and post-exposure prophylaxis. This prevents illness from
SARS-CoV-2 and also reduces the risk of secondary infection. Fluid management is
important to reduce pulmonary edema. Glucocorticoids are best avoided because of their
deleterious effects in viral pneumonia and ARDS. Rescue therapy by administration of an
intravenous infusion of vitamin C has been suggested to attenuate vascular injury and
systemic inflammation in sepsis and ARDS. (Fowler AA et al., 2019)

2.7 role of vaccines

Vaccine development for COVID-19 is ongoing, but there are several limitations. These
include (1) the location for Phase 3 vaccine trials to be conducted at the site of ongoing

disease transmission, (2) vaccine manufacturers to work closely with biotechnology
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companies to develop effective vaccines, which will likely take at least 12-18 months, and (3)
regulatory agencies should evaluate safety with a range of virus strains in more than one
animal model (Du L et al., 2009)

The investigational vaccine is currently being developed using mMRNA as a genetic platform
using previous studies on SARS and MERS.16 24 The basis of an effective vaccine is
immunospecific and involves the identification of B-cell and T-cell epitopes that are
expressed by spike ( S) and derive nucleocapsid (N) proteins from among 120 available
SARS-CoV-2 gene sequences.24 Effective vaccination would play a crucial role in reducing
virus spread and eliminating the virus from the host (Ahmed SF 2020) .

2.8Blood

Blood is specialized liquid connective tissue (Chauhan 2013), pumped by the heart through
arteries and veins reaching all body's cells (Mehta and Hoff brand 2014). Functions Transport
and distribute oxygen, nutrients, hormones and waste products, regulate PH, osmotic
pressure and body temperature, control blood loss by assistance of Platelets and coagulation
factors and involves in body's immune response which Mediated by leukocytes (Cheesbrough
2005).

2.8.1Constituents of blood

It consists of cells (erythrocytes and leukocyte) and cell fragments (platelets), surrounded by
liquid extracellular matrix called plasma(Chauhan 2013). Plasma Forms about 55% of blood
volume and contains water (95%) and many solutes, Including proteins, mineral ions,
organic molecules, hormones, enzymes, products Of digestion and waste products for
excretion. (Cheesbrough 2005).

Structure and Function of mature red blood cells (RBCs)

RBCs area discoid shape have specialized membrane flexibility which provide

Large surface areas for gas exchange, and allow repeated passes through narrow

Capillaries. RBCs lack nuclei and other organelles. These unique differences

Enabling maximal cytoplasmic occupation by hemoglobin (Palis 2014; Blann

and Ahmed 2014).

2.8.2Red Blood Cells Count

Assessment of the RBC is to check for anemia and to evaluate normal erythropoiesis. The
number of red blood cells is determined by age, sex, altitude, diet, drug use, tobacco/nicotine
use and health and disease status (Lokwani 2013).The results of an RBC count can be used to

help diagnose blood-related conditions, such as iron deficiency anemia (where there are less
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red blood cells than normal).A low RBC count could also indicate a vitamin B6, B12
deficiency. It may also signify internal bleeding, kidney disease or malnutrition.

A high RBC count could be caused by a number of health conditions or health-related factors,
including: smoking, congenital heart disease and dehydration (NHS 2019).

2.8.3Hematocrit and red cell indices

The hematocrit is one of the most precise methods, used for red cell disorders differentiation
and determination of the degree of anemia or polycythemia (Lokwani 2013). The red blood
cell indices (MCV, MCH, and MCHC) provide information concerning the size and
hemoglobin content of red blood cells (Ciesla 2012).

2.8.3.1MCV

MCYV blood test measures the average size of red blood cells. Red blood cells carry oxygen
from the lungs to every cell. Cells need oxygen to grow, reproduce, and stay healthy. If red
blood cells are too small or too large, it could be a sign of a blood disorder such as anemia, a
lack of certain vitamins, or other medical conditions.

red blood cells that are smaller than normal, it may be a sign of Certain types of anemia,
including iron-deficiency anemia, the most common type Thalassemia, an uncommon genetic
condition

Red blood cells that are larger than normal, it may be a sign of Pernicious anemia, which
may be caused by A lack of vitamin B12.(medlineplus.gov, n.d.)

2.8.3.2MCH

MCH stands for “mean corpuscular hemoglobin.” An MCH value refers to the average
quantity of hemoglobin present in a single red blood cell. Hemoglobin is the protein in red
blood cells that transports oxygen to the tissues of body

A low MCH value typically indicates the presence of iron deficiency anemia. Iron is
important for the production of hemoglobin. Some of the general causes of iron deficiency
include eating a diet that is low in iron, major surgery or trauma, or blood loss.

High MCH value can often be caused by anemia due to a deficiency of B vitamins,
particularly B-12 and folate.

(Seladi-Schulman, 2018)

2.8.3.3MCHC

MCHC stands for mean corpuscular hemoglobin concentration. It’s a measure of the average

concentration of hemoglobin inside a single red blood cell. High MCHC calculations in
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Autoimmune hemolytic anemia, Hereditary spherocytosis And Severe burns low mchc can be
caused by iron defiency anemia and lead poisoning. (Healthline, 2021)

2.8.4 Hemoglobin (Hb)

Hemoglobin molecule is composed of iron containing pigment called (heme) and

Protein (globin) (Ramadas 2012).1t binds efficiently to oxygen molecules, and

Somewhat less efficiently to carbon dioxide molecules, thereby functioning in the

Transport of gases through the bloodstream. (Palis 2014).Hemoglobin is measured

To detect anemia and its severity and to monitor an anemic patient’s response to Treatment
(Cheesbrough 2005).

Medical conditions that can cause high hemoglobin levels include Polycythemia vera , Lung
diseases such as, emphysema or pulmonary fibrosis , Heart disease, especially congenital
heart disease

A low hemoglobin count means that the oxygen-carrying capacity of hemoglobin is reduced.
Low hemoglobin levels can indicate that an individual has certain medical conditions,
includingAplastic anemia, Cancer and Chronic kidney disease.

2.8.5 White Blood Cells:

The white blood cells (leucocytes) may be divided into two broad groups:

The phagocytes and the lymphocytes. Phagocytes comprise the cells of the innate immune
system, which can act very quickly after an infection, whereas lymphocytes mediate the
adaptive immune response, which can develop immunological memory. Phagocytes can
themselves be subdivided into granulocytes (which include neutrophils, eosinophil’s and
basophil‘s) and monocytes (Hoffbrand and Moss, 2016).

White blood cells have fundamental roles in defense against invading microorganisms and
recognition and destruction of neoplastic cells as well as their role in acute inflammatory
reactions. Furthermore, through their phagocytic function, white blood cells are influential in
clearing senescent and apoptotic cells, hence allowing tissue repair and Remodeling
(Hoffbrand et al., 2005).

2.8.5 Neutrophils:

Neutrophils have a nucleus is divided into two to five segments or lobes, these lobes are
separated by a thin strand or filament of nuclear material. The nuclear chromatin is

heterogeneous with some clumping. The cytoplasm of neutrophils is very pale blue and is
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packed with fine lilac-Ethical considerations Neutropenia is a condition where neutrophil
count is too low, causing swelling and repeated infections. Causes of neutropenia include
cancer treatment, an autoimmune disease or an infection.

Neutrophilia, also known as neutrophilic leukocytosis, occurs when neutrophil count is too
high, which is often the result of a bacterial infection. To combat the infection, immature
neutrophils leave your bone marrow too soon and enter blood stream.

2.8.5.3 Lymphocyte

A lymphocyte is a type of white blood cell that is part of the immune system. There are two
main types of lymphocytes: B cells and T cells. The B cells produce antibodies that are used
to attack invading bacteria, viruses, and toxins. The T cells destroy the body's own cells that
have themselves been taken over by viruses or become cancerous (Clevel and clinic).
2.8.5.4L_eukopoiesis

It is the process by which white blood cells are produced. It has three lines of cell
development Lymphopoiesis. The main sites of lymphopoies are the primary lymphoid
tissues (thymus for T

Lymphocyte and bone marrow for B lymphocyte) .It may also occur peripherally in the
lymph nodes, spleen and peyer patches in the intestine (secondary lymphoid tissues) (Ciulla
and Lehman, 2010).

Lymphocytic maturation is divided into three stages: the lymphoblast, prolymphocyte and
lymphocyte (Rozenberg 2011).

2.8.5.5 Lymphopenia

Lymphocytopenia is most often due to AIDS, and recently COVID-19, or undernutrition, but
it also may be inherited or caused by various infections, drugs, or autoimmune disorders.
(MSD Manual Professional Edition, n.d.)

Neutrophil to lymphocyte ratio

Systemic inflammation can be measured by using a variety of biochemical and hematological
markers. Although novel disease specific biomarkers have been identified, most of which are
time consuming and expensive. Observational studies have thoroughly investigated the role
of C-reactive protein and total leukocyte count in different chronic conditions (Bovill et
al.,1996; Flosom et al., 2002).

Recent evidence indicated that the ratio of sub types of blood cells have a significant

prognostic value for cardiovascular disease. Elevated levels of neutrophil lymphocyte ratio
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(NLR) were also found associated with poor survival of patients undergoing coronary artery
bypass graft (Gibson et al., 2007).

By contrast, lymphocytes play vital roles in the remodeling of the myocardium following
inflammation. For example, CD4+ T regulatory cells constitute a particularity-inflammatory
immune regulatory lymphocyte subset which is generated in the thymus and highly enriched
for T cells with auto antigen specificity (Stephenson et al., 2017).

T cells are essential for the recruitment of pro angiogenic macrophages and collateral artery
formation (Tang et al., 2012). B cells are involved in monocyte recruitment through the
CCLY7 pathway (Stephenson et al., 2017).

The clearance of debris, activation of fibroblasts and collagen deposition for scar formation
and neovascularisation (the proliferative phase) occur (Ruparelia et al., 2017; Ong et al.,
2018) days after MI (Frangogiannis 2008, 2014; Prabhu et al., 2016).

The release of inflammatory and anti-inflammatory mediators 1L-10, TGF and proresolving
mediators (Prabhu et al., 2016; Zlatanova et al.,2016) from neutrophil or lymphocyte cells
promotes neutrophil apoptosis and phagocytic up take by macrophages (Kolaczkowska et al.,
2013; Horckmans et al., 2017)

2.8.6Platlelet count

A platelet count should always be performed to rule out the possibility of thrombocytopenia
as the cause of bleeding symptoms. A low platelet count should be further investigated by a
hematologist (Egberg and Blomback,2014).

Thrombocytopenia is defined as platelet count below 150000/cmm common cause of
thrombocytopenia are hematological malignances ingestion of certain drugs, dissmented
intravascular coagulation, idiopathic thrombocytopenia purpura, connective tissue disease
megaloblastic anemia and a plastic anemia thrombocytosis (Platelet count >400000) occurs
in Inflammation following hemorrhage and in myeloproliferative disorder (kawthalkar,
2013).

2.8.6.1Platelet indices

2.8.6.1.1Mean platelet volume (MPV)

The mean platelet volume is an indication of platelet size. Normal MPV ranges are

Approximately 7 to 11 fl (Corcoran and Marchant 2002).
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the MPV can be an indication of platelet turnover because younger platelets tend to be larger.
A plspectrum of platelet sizes is seen in patients with rapid turnover (Corcoran and Marchant
2002).

the increase of MPV in conditions with increased .Elevated MPV levels have been identified
as an independent risk factor for thrombotic diseases (Buttarello and Plebani, 2007). A low
MPV can indicate exposure to certain drugs that are harmful to cells. It may also indicate
marrow hypoplasia, a disorder that causes a decrease in blood cell production.
(medlineplus.gov, n.d.)

2.8.6.1.2Platelet distribution width ( PDW)

A Measure of the variation in the size of platelets found in the circulating blood.

With normal range (10.0 -14.0/fl) Platelets recently released from bone marrow tend To be
larger and to contain more RNA than older, smaller platelets, which discard Their
endoplasmic reticulum as they mature medical dictionary, the volume is determined by a
machine and a Complete Blood Profile, known as a CBC. This Reading determine if a
patient's body is producing larger than average platelets,

Indicative of platelet destruction or bone marrow diseases (Chandrashekar, 2013).

high PDW means there is a great variation in size, which may be associated with vascular
(blood vessel) disease or certain cancers Reduced platelet distribution width (PDW) was
significantly correlated with age, carcinoembryonic antigen, tumor stage, nodule stage, and
tumor-nodule-metastases stage (Zhang et al., 2017)

2.8.6.1.3 Platelet large cell ratio (P-LCR)

Means Platelet large cell ratio with normal range (13.0 43.0%) and it’s Calculated in
automated blood analyzers .Increased percentage of large platelets (P-LCR) is observed in
patients with Hyper-lipidaemia and suggest possible Risk of thrombosis. An increase in
PLCR + MPV + PDW has been observed In autoimmune thrombocytopenic purpura PLCR

is significantly decreased in patients with thromobocytopenia (Chandrashekar , 2013).

14



2.9 Previous studies

study from Saudi Arabia by Abozermean indices of Hb concentration (0.001), MCH (0.001),
MCHC (0.001), and MCV (0.004) were all significantly lower in COVID-19 positive patients
compared with negative, while the RDW was significantly higher (0.002). In contrast, the
RBC count showed only a nonsignificant difference (0.113).

The mean indices were significantly lower for counts of lymphocytes (0.001), monocytes
(0.001), and thrombocytes (0.001) among cases testing positive, while the neutrophil count
was significantly elevated (0.001). The TWBC count (0.609) and the mean platelet volume
(0.269) showed only a nonsignificant difference (0.113),

The prevalence of anemia was significantly elevated in patients with COVID-19 compared
with those without (controls), respectively, at 64.2% and 35.8%. On the one hand, cases were
2.5 times more likely to be anemic; on the other, the prevalence of thrombocytopenia was
significantly elevated in cases over controls, respectively, at 62% and 38%, where cases were
2.6 times more likely to be leukopaenic.

(Abozer et al.,2022).

In Kurdistan Region-lraqg Al nimer and others from total number of 204 patients were
included the number of male patients was non-significantly (x2

=0.873,P=.832) higher than the corresponding female patients There is no significant
difference in the red cell indices in patients with or without concomitant diseases. The red cell
indices were within the normal range. White cell indices showed the mean values are >
10.000 cell/mm3, which characterized by a higher percentage of neutrophil and a lower
percentage of lymphocyte in each patient group with or without concomitant diseases. The
mean values of the blood platelet indices are within normal limits, and the platelet count was
higher than the lower limit of normal platelet count (150,000/mm3).

(Al-Nimer MSM., et al 2021) .

Another Study from turkey done by Eren usui Comparisons made according to the RT-PCR
test results revealed that while no statistically significant difference was observed between
test result groups (negative or positive) regarding lymphocyte and platelet lymphocyte ratio
values (p > 0.05), a statistically significant difference (p < 0.05) was found between the test
result groups regarding platelet, hemoglobin, leukocyte, neutrophil, NLR and SlII values. In

patients with negative test results, it was found that platelet, leukocyte, neutrophil, NLR and
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SII values were higher, whereas hemoglobin was found to be higher in patients with positive
test results. Also, hemoglobin was found to be higher in male patients who tested positive for
COVID-19 (Eren et al., 2020).

Abdul warris found a significant association between the disease severity and elevation in
blood parameters were observed. The WBC's and granulocyte count were significantly
increased (p value <0.001) while the mean platelet count (165.0 x 10%L) and red blood cell
volume distribution width (RDW) were decreased. In the critical group (57.86%) compared to
mild group's patients (177.3%) (p = 0.83). The lymphocytes count was decreased in critical
patients (1.40 x 10°%/L) compared to mild patients (1.92 x 10%L) (p = 0.28). A significant
association was observed in platelet-lymphocyte ratio (p< 0.001), Neutrophil-Lymphocyte
ratio (p = <0.001), and Lymphocyte-Monocyte ratio (0.011).

(Abdul warris et al., 2021) .

Also study from Morocco with total of 146 patients with COVID-19 the CBC parameters
showed neutropenia (7.5%), hyperleukocytosis (8%), eosinopenia (47%), monocytosis
(9.5%), lymphopenia (46%), and thrombopenia (10%).

(Maryame et al., 2020).

Abdul jappar with 12 confirmed cases as COVID-19 were analyzed. The median age of
subjects involved in the present study was 50 years. Data from 8 males (66.7%) and 4 females
(33.3%) were used for analysis. The CBC findings reveal lower HGB, reduced PCV, and
slightly lowers RBC levels in patients with comorbid conditions. Besides, there was a
significant difference in RBC, HGB, PCV, and MCV. The abnormalities of HGB, PCV, and
RBC or anemia were observed in patients with comorbidities (Abdul jappar. et al.,2021).

In Indonesia the results showed Lower hemoglobin, hematocrit, and increased RDW.

White blood cell parameters and differential count: Lower leukocyte level, but relatively
Higher in patients with severe disease, increased neutrophil, lymphopenia (and thus Causing
elevated NLR and MLR), and eosinopenia up to the absence of eosinophils.

Platelet parameters showed Possible thrombocytopenia, increased PLR, and increased MPV
and PDW (Kevin S Dhinata., et al 2021) .

16



17



Chapter Three



CHAPTER THREE

3 MATERIALS AND METHODS
3.1Study Design
This is a descriptive case control study.
3.2 Study Setting and Duration
The study conducted in Gebra quarantine, Khartoum state, Sudan in the period between
February 2022 to April 2022.
3.3 Study population
Patients with COVID-19 positive confirmed by real time polymerase chain reaction test as
case and Matched group of samples were collect from healthy individuals as control.
3.4 Sample size
100 samples as patients diagnosed with covid19 and 100 samples as control
3.5 Inclusion criteria
Patients with COVID-19 positive from both sexes were included.
3.6 Exclusion criteria
All patients that suffer from other diseases that may affect result of the studies are excluded.
3.7Sample collection
Venous blood were collected using sterile disposable plastic syringe after cleaning the vein
puncture area with 70% ethanol from each subject, five of ml venous bloods were collected
from all participants 3 ml was added to ethylene diamine acetic acid (EDTA) anticoagulant
containers.
3.8 Data collection
Self administered data questionnaire was design to obtain subjects information.
3.9 Methodology
Principle of Electronic impedance, or low- voltage direct current (DC).
3.8.1.1 Method Test Performed
Complete blood counts CBC was done using Sysmex automated hematology analyzer xp300
Series.
3.8.1 Detection Methods
Blood sample is aspirated measured to a predetermined volume diluted at the specified ratio
and then fed into each transducer. The transducer chamber has a minute hole called the
aperture. On both side of the aperture there are the electrodes between which flows direct
current. Blood cells suspended in the diluted sample pass through aperture causing direct
current resistance to change between the electrodes. As direct current resistance changes the

blood cell size is detected as electric pulses blood cell count is calculated by counting the
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pulses and a histogram of blood cell sizes is plotted by determining the pulse sizes. Also
analyzing a histogram makes it possible to obtain various analysis data (Li et al., 2013).
3.8.1.2 Quality Control

The reliability of this instrument and reagents is monitored by quality control, by using
control blood or control materials. The stability of the measured value is monitored over a
certain period of time and a quality control performed before analyzing sample, after
replacement of the reagent, after maintenance,(Sysmex Corporation 2012 - 2014).

The control materials are of three types eightcheck-3WP-N (Normal), EIGHTCHECK-3WPL
(Low level) and eight check -3WP-H (High level) (sysmex corporation 2012-2014). This
instrument has following 2 quality control methods; choose the control method in accordance
to your laboratory internal regulations, this methods are X control which use control blood
(EIGHTCHECK-3WP) to monitor an instrument performance over time, and Levey -
Jennings (L-J) control , which use the data from a single analysis of control blood as quality
control data (Sysmex corporation 2012-2014).

Quality control process flow selects quality control method, set control blood information,
perform quality control analysis, check and record quality control results (quality control
chart screen) (Sysmex Corporation 2012-2014).

3.8.1.3Thin blood film

A thin film was made byplacing a small drop of blood on the centre of a grease-
freemicroscopic slide. The drop of blood was then spread with a glass spreader held at an
angle of 30° to obtain a thin film with a smooth tail end. Then allowed to air dry in a
horizontal position and then fixed with absolute methanol for two minutes.

3.8.1.4Leishman stain

The slide was covered by Leishman Stain solution by counting the drops of Leishman stain
for 3 minutes, the film was covered with distilled water for 7 minutes. The film washed
carefully in tap water dried in air and examined (Rana, 2018)

3.9 Ethical approval

The study approved by the scientific ethical committee of medical laboratory science College
of Medical Laboratory science Sudan University of science and technology. A written
consent was obtained from Gebra hospital and also from participants after they been informed
with the objectives and benefits of the study. Participants were insure that collected
information will be kept confidential and will not be used for any other purpose than this
study.

All guidelines for the safe collection and handling of specimens disposal of samples collected
from COVID- 19 and suspected COVID- 19 patients had been followed.
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4.10 Data analysis

The collected data was entered cheeked and processed by using a computer based statistical
program SPSS version 24 (statistical package for social science) version ( meantSTD, P
value significant < 0.05) (one way a nova test, independent sample T test).

Chi test for factors associated with COVID-19.
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CHAPTER FOUR
4 RESULTS

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), formerly known as
2019nCoV, has attracted tremendous attention in a short period of time as the death toll and
number of confirmed cases grows unceasingly.
This study sample consisted of (200) participants of two groups. Control group and case
group each group consists of (100) participants patients group with age mean of (52 +19.6).
While in control group (43 £11.3).

Concerning gender variable, females counted (59%) of case group, while they counted (61%)

of control group.

Table (4.1) Factors Associated With Covid-19 Patients

Independent Factors Chi-Value p-value
Age 99.270 0.000
Gender 0.083 0.773

“Relationship is significant at p<0.05.

Results showed there is no significant relationship between patients gender and covid19

disease while there is a significant relationship between patients age and covid19.
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Red blood cells parameters table of this study showed mean of red blood cell count, MCV,
MCH, MCHC, is(3.6) (83.1) (26.6) (31.7) respectively. while in control group the mean of
Red blood cell count, MCV ,MCH,MCHC is (31.8) (86.9) ( 28.3) (4.4) respectively.
Regarding cells morphology results the red blood cells were Normocytic Normochromic cells
with no changes.

Table (4.2) Red Blood Cells Parameters

Parameters Group Mean P value

Haemoglobin Patients 9.3 0.000
Control 12.4 0.000

MCH Patients 26.6 0.000
Control 28.3

MCHC Patients 31.7 0.000
control 4.4

RBCs Patients 3.6 0.000
Control 31.8

Platelet parameters table of this study showed the mean of platelet count ,MPV, PDW,PLCR
is (269.9) (12.4) (11.6) (26.8), respectively. While in control group the mean of platelet
count, MPV, PDW, PLCR is (326.1) (11.4) (9.4)(20.8), respectively.

Regarding cells morphology results showed giant platelets with different sizes.
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Table (4.3)Platelet Parameters

Parameters Group Mean P value

Platelet Patients 269.9 0.007
Control 326.1

MPV Patients 12.4 0.008
Control 11.4

PDW Patients 11.6 0.000
Control 9.4

PLCR Patients 26.8 0.000
Control 20.8

WBCs parameters table of this study showed mean of total white blood cell, lymphocyte,
neutrophil, NLR is (11.6) (15.5) (76.7) (9.2) respectively. While in control group the mean
of total white blood cell, lymphocyte, Neutrophil, NLR is (6.5) (33.4) (57.2) (1.9)
respectively.

Regarding cell morphology resultsthe morphology of WBC showed changes such as
monocyte, lymphocyte and neutrophil vacuolization higher numbers of lift shifted immature
granules pseudu pelger huet cells.

Hypo granular cytoplasm and hyposegmented nucleus. Atypical eosinophils containing
multiple vacuoles. Rare activated lymphocytes and large Monocytes were found in some
peripheral blood films.

Table (4.4) White Blood Cells

parameters group mean P value

Lymphocyte Patients 15.5 0.000
Control 334

Neutrophil Patients 76.7 0.000
Control 57.2

WBCs Patients 11.6 0.000
Control 6.5

NLR Patients 9.2 0.000
Control 1.9
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CHAPTER FIVE

5Discussion, Conclusion And Recommendations

5.1 Discussion

The prevalence of COVID-19 cases has increased worldwide. Assessing clinical, demographic
and hematological indicators is important when investigating the COVID19 outbreak. The
present study investigated the role of complete blood count parameters and peripheral blood
morphology for diagnosis and prognosis of COVID-19 in Sudanese patients with group of age
mean of (52 +19.6). While in control group age mean of (43 +11.3). Concerning gender
variable, females counted (59%) of case group, while they counted (61%) of control group.
Regarding white blood cells parameters Neutrophil WBCs count and neutrophil lymphocyte
ratio mean level is higher in covid19 patients when compared to control group.P value is
(0.000) (0.000) (0.000) respectively ,while lymphocyte count mean levels in case group is
lower than control group with P value (0.000) .These findings similar to the present study
Rbcs indices RBCs count MCV and MCH mean level is lower in case group comparing to
control group and the P value is (0.000) (0.000) (0.000) respectively.

MCHC mean level were significantly high in covid19 patients comparing to control group the
P value is (0.000) . This result was supported by Abozer demonstrated thatHb concentration,
RBC count, Haematocrit (Hct), Mean cell hemoglobin (MCH), and Mean cell hemoglobin
concentration (MCHC) median values are significantly decreased in COVID-19 patients
compared with the control group (P < 0:01, P < 0:01, P =0:041, and P < 0:01, respectively)
also agrees with Yuan and coworkers , who found that severe and critically ill patients had
significantly decreased RBC and Hb and with another study reporting a rapid decline of Hb
and RBC among COVID-19 patients. (Abozer Y. Elderdery et al., 2020).

According to platelet parameters results the mean levels of MPV, PDW, PLCR are higher in
cases group than the control group and the difference was significant P.value (0.008), (0.000),
(0.000), respectively. While platelet count mean levels in covid19 patients are lower than the
control group with P.value (0.007). Results of current study are similar to study done by
(Shankaralingappa, et al 2022) who found thrombocytopenia in COVID-19 patients with
Pvalue less than .05 compared to controls, and MPV, PDW, and PLCR were
significantlyincreased (p<0.05) high in COVID-19 patients.

In comparison to controls Analysis of Variance (ANOVA) test results showed there is

significant differences in means of all the studied parameters between patients and control
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group at level of significance 0.05 and degree of freedom (198), P-values in all cases were less
than 0.05.

Hemoglobin, Lymphocyte, Platelet, MCV, MCH and RBCs levels were lower in

patients than in control.

On other hand, Neutrophil, MPV, PDW, PLCR, WBCs and MCHC were higher in patients
than in control.

In this study Covid-19 patients had significant lymphocytopenia compared with non COVID19
patients.

Also Results showed there was significant difference in NLR between case group and control.
The case group shows higher range of NLR (minimum= 1.6, maximum =71.8, mean= 9.1),
while the control group shows lower range of NLR (minimum= 0.7, maximum =1.9, mean=
4.8), the difference was significant at 0.05 level of significance. So NRL with the above
parameters can be used as an early warning signal for COVID-19 infection. Morphology of
WABCs in this study showed many changes such as higher numbers of left shifted immature
granules, pseudu pelger huet cells, hypo granular cytoplasm and hyposegmented nucleus and
Large monocytes with vacuoles.

Platelets showed frequent anomalies mainly consisting of giant platelets with different sizes.
These findings are similar to study done by kevin with composite image of peripheral blood
WBCs showing a spectrum of morphologic changes in coronavirus disease 2019 Segmented
neutrophilia with vacuolization pseudo—Pelger-Huet nuclei and eosinophil with cytoplasmic
vacuoles. , Large granular lymphocyte, lymphocyte with cytoplasmic vacuolization, atypical
lymphocyte and plasmacytoid lymphocyte. Atypical monocytes with large coalescing
cytoplasmic vacuoles. In contrast, monocytes in COVID-19-negative patients showed only
occasional small cytoplasmic vacuoles. (Kevin S Dhinata et al., 2021) .

This findings also agreed with Maryame morphogical results which showed characteristics of a
neutrophil granulocyte with dysmorphic morphology marked by hypogranular cytoplasm and
hyposegmented nucleus. Atypical eosinophils containing multiple vacuoles, activated
lymphocytes and large Monocytes were some of her morphological peripheral blood findings.
Platelet morphology also showed frequent anomalies, mainly consisting of giant platelets with

different sizes which are similar to present study (Maryam et al., 2020)
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5.2Conclusions

Coronavirus disease 2019 has prominent manifestations from the hematopoietic system.
Common haematological abnormalities have been identified in COVID-19 patients. Since the
early stage of the disease, not only the platelets and lymphocyte but also haemoglobin, red
blood cells, present a marked decrease, associating with the disease severity and clinical
outcome. At the moment,An increase of neutrophils and the two markers NLR and PLR seem
to correlate with progressive disease. Careful evaluation of laboratory indices at baseline and
during the disease course can assist clinicians in formulating a tailored treatment approach
and promptly provide intensive care to those who are in greater need.
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5.3 Recommendation

1. Complete blood count is time-efficient, affordable, widely available and easily interpretable
method so it’s recommended to request it for patients with COVID-19.

2.Neutrophil lymphocyte ratio as an early identification and management of severe COVID19.
3. Daily blood count with manual WBC differential to monitor for numeric values and

morphological changes suggesting potential clinical changes worsening due to disease
progression.
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Appendices

Appendix (Al)

Sudan University of science and technology faculty of graduate
Clinical Significance of CBC Parameters and Peripheral Blood Morphology in the Diagnosis
of Covid19 in Khartoum State
Research questionnaire

1/ ID NUIMDET. ..ttt
A\ 1 U<
3/Sex Male Female

4/Duration of the diSEase ............ovuiiiiiii i
5/ANY Other QISEASE?.....c..ecuveireeiecie st ite ettt sreenre s
Date:............

CBC

WBC...cov. RBC..oovvvi. HGB.......oooee .

HCT ., MCV..onnn, MCH..................

MCHC. ..., PLT ..o,
LYM%....ooviiiiiii NEUT0. ...

MIX%..oooeeeieeeeeeeeeee CLYMH

NEUTH. ... MIX#H. oo, RDW...................

MPV.. PDW.....ccceo... PLCR....covieiiiiiiiiii,

(076)10111 111 L A
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Appendix(2):

Sysmex Xp 300 analyzer
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Appendix (A3)
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Figure 1: Hemoglobin Mean Levels in case and control group
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Figure 2: Lymphocyte Mean Levels in case and control group
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Figure 3: Neutrophil Mean Levels in case and control group
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Figure 4: MPV Mean Levels in case and control group
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Figure 5: PDW Mean Levels in case and control group
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Figure 6: PLCR Mean Levels in case and control group
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Figure 7: WBCs Mean Levels in case and control group
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Figure 8: Platelet Mean Levels in case and control group
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Figure 9: MCV Mean Levels in case and control group
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Figure 10: MCH Mean Levels in case and control group
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Figure 11: MCHC Mean Levels in case and control group
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Figure 12: RBCs Mean Levels in case and control group
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Figure 13:stained thin blood film with leishman stain from COVID-19
postive patients oil immersion 100x shows

(A) pseudo pelgr huet cell

(B) Hyposegmented hypogranular neutrophill

(C) large monocyte with vacoules
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