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Abstract: Background: Coronavirus, which causes respiratory illness, has been a public
health issue in recent decades. Because the clinical symptoms of infection are not always specific,
it is difficult to expose all suspects to qualitative testing in order to confirm or rule out infection
as a test. Methods: According to the scientific studies and investigations, seventy-three results
of scientific articles and research were obtained using PubMed, Medline, Research gate and
Google Scholar. The research keywords used were COVID-19, coronavirus, blood parameters,
and saliva. Results: This review provides a report on the changes in the blood and saliva tests of
those who are infected with the COVID-19.COVID-19 is a systemic infection that has a
substantial influence on the hematological system and hemostasis, thus deviations from normal
levels of laboratory tests, including the blood and saliva test show that specific testing for
detecting COVID-19 infection is required. Conclusions: The blood and saliva tests aid in the
clinical monitoring of the patient's health. It has advantages such as the following: it has non-
invasive properties, low cost, and good stability, addition to minimum risk of infection
transport.
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Introduction

An SARS-CoV-2-related pneumonia outbreak that started in Wuhan in December 2019 has quickly spread
across China and even the rest of the globe. On February 11, 2020, the WHO officially designated this SARS-
CoV-2 disease as coronavirus disease (COVID-19) M. WHO reports that as of 20 June 2022, there have been
539,893,858 verified cases, with 6,324,112 deaths. @. Patients with COVID-19 infections may experience
moderate or serious acute respiratory infections, with milder instances exhibiting symptoms like temperature,
dry cough, and fatigue. Additionally, some patients may also have aberrant lung CT results along with
stomach symptoms like diarrhea, nausea, and vomiting, in addition to ocular or cutaneous symptoms, in
addition to olfactory and gustatory dysfunctions @. Acute respiratory distress syndrome (ARDS), acute
hypoxemic respiratory failure, sepsis and septic shock, thromboembolism, and/or multi-organ failure,
including acute kidney injury and cardiac injury, are among the complications that can occur in people with
COVID-19. The majority of patients with COVID-19, roughly 40% of patients, only experience mild or
moderate disease #5- Reverse transcription-polymerase chain reaction (RT-PCR) is used to make the diagnosis,
along with medical imaging such as X-ray and computed tomography (CT) features of asymptomatic
infections ©78910), Because the viral load of SARS-CoV-2 RNA in the upper respiratory tract was significantly
higher during the first week(112, as well as nasopharyngeal and oropharyngeal swabs (131415 The illness has
become a significant global health problem and has reached pandemic status, infecting people in nearly every
country on the planet, the treatment must be taken, and hence, The doctors demand additional diagnostic
procedures, such a complete blood count (CBC) and saliva parameters, during this time.
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Complete Blood Count (CBC):

A complete blood count is a blood test that examines a number of factors, including hemoglobin, white blood
cells, platelets, lymphocytes, and red blood cells. (HGB). Hematocrit (HCT or PCV), Mean Corpuscular
Volume (MCV), Mean Corpuscular Hemoglobin Concentration (MCHC), Lymphocyte Count, and other
variables. A CBC test is used to help with the working diagnosis of a number of illnesses, such as anemia,
acute infections, hemorrhagic states, allergic disorders, cancers, and immune disorders, as well as to assist
medical professionals in assessing any symptoms, such as weakness and fatigue; for instance, a low hematocrit
was once believed to be a sign of breast cancer patients, as well as leucopoenia and thrombocytopenia (9.

Several systemic inflammatory biomarkers have recently become accessible as part of the extended CBC, these
CBC-based biomarkers are being studied in a variety of fields because they are simple and inexpensive,
making them accessible to a wide range of physicians, as well as they require just a little quantity of patient
blood. Hence, the hematological laboratory, according to COVID-19 research, plays a key role in providing
numerous helpful prognostic indicators 7. As a result, the goal of this review is to highlight certain COVID-
19 hematologic results and give recommendations for early prevention and treatment.

White Blood Cells or Leukocytes (WBCs)

According to the scientific evidence, white blood cells (including granulocytes that refer to neutrophils,
eosinophils, and basophils and granulocytes that refer to lymphocytes and monocytes) protect the body
against infection, particularly lymphocytes which increase in number in situations of inflammation, especially
when a virus is present.

The majority of viral illnesses, including those caused by the hepatitis C virus (HCV), hepatitis B virus (HBV),
and human immunodeficiency virus (HIV) disease, are characterized by elevated white blood cell (WBC)
numbers, especially lymphocyte counts 1819

Lymphocytes

Generally, most viruses lead to relative lymphocytosis ?% .Lymphocytosis mean an increase in the count of
lymphocyte to more than 4000 lymphocytes/ul in adult patients,?while only a few viruses such as severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) cause a decrease in lymphocytes in infected patients
that called lymphopenia. (18222324

Lymphopenia can be brought on by a number of factors, including the virus' direct impact on lymphocytes,
which can result in lysis of those cells, or the virus' induction of inflammatory cytokines, which can prevent T
cells from expanding, and which, as a result, can cause immune-mediated apoptosis of lymphocytes, which is
thought to be a good predictor of severity and mortality in COVID-19 infections 2°2°2728)

Monocytes

The normal count of monocytes about 200-800 cells per ul of blood in a healthy human is (2-8% of WBCs
count). Monocytes play important role in the innate immune system against microbial pathogens,
inflammatory and anti- inflammatory, as well as assisting in the pathophysiology and development of
illnesses such tumor metastasis, liver fibrosis, atherosclerosis, and multiple sclerosis. In Alzheimer's disease,
liver fibrosis regresses, muscles regenerate, and -amyloid plaques are cleared by monocytes and monocyte-
derived macrophages. ®%%.

Patients with moderate COVID-19 who have circulating monocytes in their blood who have an
inflammatory viral infection cause these circulating monocytes to migrate to the lung under the guidance of
pro-inflammatory cytokines, which increases the amount of defending mononuclear phagocytes and
intensifies inflammation®YBiamonte et al 2 found that lymphocyte/monocyte counts at admission and during
the hospital stay, can predict clinical progression in COVID-19; another study suggested that mean
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neutrophil/lymphocyte ratio (NLR) and neutrophil/monocytes ratio (NMR) was higher in patients with
COVID-19 particularly in diabetic patients®)

Eosinophils

The normal count of eosinophils is less than 500 cells per pl, they are involved in the fight against multicellular
parasites, proinflammatory effects in a variety of diseases, allergy, and asthma regulation mechanisms. In
covid-19, some studies discovered a decrease in eosinophil’s, which might suggest that the patient is in the
early stages of illness or that the result is positive @?» or that eosinopenia (decrease in the number of
eosinophil’s) is linked to rapid respiratory impairment following a severe COVID-19 infection 334, As aresult,
eosinopenia in combination with lymphopenia may be a useful indication for individuals with covid-19 ®.

Basophils

The normal count of basophils is about 0-300 cells per pl of blood and less than 3% of WBCs, it contains
heparin, hence it prevents blood clotting, mediates allergic reactions, and acts as anti-parasitic protective
immunity. Basophils seem to have an active role in the immune response to SARS-CoV-2 ¢,

Several investigations noted that basophils were found in lower count in COVID-19 patients ¢ %%), while the
others reported that basophils were also found in lower count in the first days of infection but they return to
the normal value or increase during recovery “*).

Neutrophil

The majority of circulating leukocytes are neutrophils, which take part in a variety of immunological and
inflammatory processes through phagocytosis, particle formation, cytokine release, and other mechanisms.
Patients with COVID-19 may have a bad prognosis because of elevated nytrophil/lymphocyte ratio (NLR)
values and low lymphocyte/C reactive protein ratio (LCR) levels that imply an intensified inflammatory
process®

Additionally, the assessed neutrophil or neutrophil-to-lymphocyte ratio (NLR) is thought to be the primary
marker of cytokine storms, especially in individuals who are older and have a chronic illness “>* However,
the NLR may be related to the severity of the disease, and frequent use of these parameters may help in the
assessment of the condition 5.

In the special study of Lu and Wang “® for dynamic change in WBC of patients during hospitalization, they
noted that the value of WBCs in continuous changing, On the second day of admission, the number of
neutrophils, lymphocytes, monocytes, and eosinophils decreased; however, from the eighth to the fourteenth
day of admission, the number of WBCs, neutrophils, monocytes, and eosinophils gradually rose and peaked
on the fourteenth day of COVID-19 infection. The ratio may help differentiate patients with severe diseases
from those with less severe diseases, in addition to the change in lymphocytes and NLR *7).

Red Blood Cells (RBCs) and Hemoglobin

A normal RBC counts in men about 4.7 to 6.1 million cells/pl and in women about 4.2 to 5.4 million cells/ul.
Because the RBCs were generated from hematopoietic stem cells in the bone marrow, there was a decrease in
variations in RBCs that can be linked to the hematopoietic system. Additionally, the high doses of drugs, long-
term treatment, and the route of administration have an impact on this system.

The study of Nader et al “8 showed that patients with COVID-19 had higher blood viscosity despite having
reduced hematocrits (HCT; HCT is the ratio of RBC volume to total blood volume), as well as higher RBC
aggregation, than healthy individuals. This indicates a positive correlation between clot firmness and duration
of hospitalization and a negative correlation with clot formation time, particularly in patients receiving oxygen
supplementation and those with pulmonary lesions that increased coagulation. While Urbano et al.'s “4
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research revealed that erythrocytes and cell hemoglobin concentration mean (CHCM) are both decreased and
separately linked to COVID-19 patients' mortality.

Data results of Anani et al ®) revealed lower hemoglobin (Hb) and hematocrit (HCT) in COVID-19 survivors,
but higher red cell distribution width. (RDW).

Red blood cells typically have a biconcave shape, are nucleated, and lack organelles; however, in individuals
with COVID-19, RBCs take on an abnormal mushroom shape. This alteration in erythrocyte
morphophysiology may be connected to the unbalanced redox status observed during COVID-19, which
affects the genetics and dynamics of erythrocytes and results in multiple organ failure syndrome and death
by non-homeostatic function of the cardiovascular, respiratory, and renal systems.(50,51)Contrary to what
was previously known, the study claimed that erythrocytes and cell hemoglobin concentration mean (CHCM)
are independently related to mortality in SARS-COV-2 positive patients “4.

Because COVID-19 may be to blame for the reduced RBC circulation that maintains hypoxemia and prevents
tissue oxygenation, which is already difficult in patients with acute COVID-19 respiratory syndrome, as well
as a decrease in HB level that results in anemia, changes in iron metabolism are related to hypoxemia in
COVID-19 patients ¢25354),

Platelets

Platelets are responsible about blood clotting or called thrombus, normal account of platelets about 150.000-
450.000/pl, and platelets less than is called thrompocytopenia.

Thrombocytopenia linked with chronic hepatitis C virus (HCV) The virus attacks platelet surface antigens,
causing a drop in platelet count, which can be brought on by a number of processes, including an autoimmune
reaction, viral-induced bone marrow suppression, and autoantibodies aimed at the virus. Both covid-19 and
this virus, which is transmitted similarly, have the ability to cause thrombocytopenia ©5. In COVID-19
patients, mild thrombocytopenia or a low platelet count are linked to a higher chance of serious illness and
mortality, or, less frequently, thrombocytosis in others ).

In north India and with the second wave of COVID-19, some studies showed thrombocytopenia is most
common in patients, especially those who will need intensive care unit because the virus is thought to inhibit
bone marrow hematopoiesis through certain receptors resulting in thrombocytopenia with lymphopenia 7.5

Finally, medications and viral complications can interact with blood components and trigger an inflammatory
response, resulting in increased or decreased immune system activity and altered hematologic factors such as
blood cell count.

Other factors, such as the early and late stages of the disease, the length of therapy, and the intensity of
symptoms, all have a part in limiting the number of blood cells. Because CBC is impacted by various
parameters such as age, gender, and patient immunity, some discrepancies in hematological findings were
seen. As a result, these hematological indicators can be beneficial to the COVID-19.

Saliva
Salivary glands secrete an extracellular fluid in the mouth known as saliva that has many function. Reports

have revealed that saliva can harbor COVID-19 and can be used to monitor viral loads and diagnose infection.
(59, 60)

Where it has been proven that saliva samples are inexpensive, easy to collect, and do not require equipment

to collect them, they are stable for a long time and reduce the risks of interactions between people and health
care workers, as well as, it can reduce the need for equipment personal prophylaxis ©162.
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Among 31 COVID-19 patients, Chen et al show that 46.3% who suffer from dry mouth and 47.2% have
amblygeusia, hence the study of this group decided that these symptoms can be considered as initial
symptoms of COVID-19 infection 3.

Liu et al ¢ They found that patients with severe COVID-19 tend to have a high viral load and a lengthy virus-
shedding period, suggesting that disease severity and immune status are positively correlated with viral load.
In a different research by Silva et al. © the viral loads in the nasopharynx and saliva were examined, and it
was found that cases with COVID-19 risk markers had significantly higher viral loads in the saliva (e.g. male
gender, older age, specific respiratory, cardiovascular, oncologic, and other systemic and immune-suppressive
conditions ). Data of Huang et al % showed that the oral cavity is a significant site for SARS-CoV-2 infection,
implicating saliva as a possible means of transmission. The viral load in saliva was correlated with COVID-19
symptoms, including taste changes or loss. According to information from another study, saliva, including its
cellular components and mechanisms, contains viral particles and aids in COVID-19 transmission 7.

Even though SARS-CoV-2 may enter through the mouth, additional elements, such as salivary protease
inhibitors that prevent viral entrance, should be taken into account(®.

In a study by Sasikala ef al. ©, 3018 outpatients (with symptoms and without symptoms) were used to
compare saliva samples and nasopharyngeal swabs to identify the virus. The researchers informed the patients
as soon as the symptoms began that the maximum detection in saliva was discovered on day 3 after the
beginning of symptoms. Researchers came to the conclusion that saliva, which is easier to gather than
nasopharyngeal swabs, is a reliable alternative to identify SARS-COV-2 in symptomatic patients at the early
stage of onset of symptoms. Furthermore, 12.8% of hospitalized patients only tested positive for saliva.
However, despite having a lower sensitivity in asyptomatic patients, saliva is still a crucial tool for mass-
screening for COVID-19, according to some study. Additionally, saliva demonstrated high sensitivity for the
detection of SARS-CoV-2 in symptomatic patients, making it a suitable specimen for the initial diagnosis of
COVID-19 in that patient group, especially in the absence of swabs. Additionally, saliva is essential for the
COVID-19 screening of asymptomatic individuals 70.

However, according to various studies' recommendations for sampling techniques, the concentration of RNA
can be increased by fasting for up to overnight before collecting saliva. Additionally, rinsing the subject's
mouth with water rather than antiseptic mouthwash is advised 172

Last but not least, There are several advantages to using saliva samples as specimens for the diagnosis of
SARS-CoV-2, including the collection being non-invasive in contrast to the collection of nasopharyngeal
swabs, which is typically thought to be uncomfortable and when nasopharyngeal swabs are collected by
healthcare professionals, protective gear is required, whereas the saliva samples collection can be easily
performed by the individual themselves if they are properly prepared because it is non-invasive. Saliva
collection is therefore a desirable substitute for nasopharyngeal swabs 3.

Conclusion

A complete blood count is reliable and low-cost. The quick reading test aids in the screening of patients
suspected of having COVID -19 infections, and it is one of the first filters that may be used in decision-making.
Depending on the clinical characteristic and the results of additional lab tests, saliva plays an important role
in diagnosing infection, but it is linked to the viral load, as it has sensitivity equal to or higher than
nasopharyngeal swab in people who show symptoms of the disease.

However, the hematological and saliva criteria are still used to predict hospitalization, serious illness, and

prognosis and may aid medical professionals in making the right therapeutic decisions, as well as understand
the physiological mechanism of viral infection and human immunity.
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