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Aims This study aimed to evaluate the diagnostic and laboratory findings of infections
caused by acute coronavirus syndrome 2 (SARS-CoV-2).

Information & Methods This systematic review was carried out using research in Google
Scholar, international databases such as Pubmed, Wiley, and Sciencedirect, and Iranian
databases including SID and Magiran by the keywords SARS-CoV-2, COVID-19 diagnostic
methods, PCR, COVID-19, and hematology parameters. Finally, 93 articles were selected and
reviewed.

Findings Reverse transcription-polymerase chain reaction and molecular test methods are
the method of choice to diagnose the cause of SARS-CoV-2 infection. Serological testing is not
yet sensitive enough and specific for diagnosis. The clinical spectrum of the infection is wide,
including asymptomatic infection, relatively mild upper respiratory tract disease, and severe
viral pneumonia with respiratory failure and even death. The incidence of lymphopenia,
thrombocytopenia, and coagulation disorders occur in severe cases of the disease and
are associated with a poor prognosis. An increase of D-dimer levels in severe cases of the
disease suggests anticoagulant therapy. In severe disease, laboratory tests show changes in
the immune system with overstimulation of the cytokine storm. In addition, biomarkers of
specific organs indicate heart, kidney, and liver dysfunction in many patients.

Conclusion Although virus detection by reverse transcription-polymerase chain reaction is
the gold standard, if the test is negative, the definitive diagnosis of COVID-19 should be based
on clinical data; other tests for complications of the disease are also important.
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Introduction

In late December 2019, a case of unidentified
pneumonia led to an epidemic in Wuhan City, Hubei
Province, China. The World Health Organization and
the International Committee for Classification of
Viruses named the virus COVID-19 and SARS-CoV-2
(L. 2], The virus has infected 200 million people
worldwide so far. 4 million people have been infected
in Iran, and about 100,000 deaths have been reported
due to the virus 31, This is an RNA virus, a member of
the coronavirus family, and spreads much faster than
MERS-CoV and SARS-CoV [*¢l. COVID-19 is a highly
contagious disease that the World Health
Organization has declared as a World Health
Emergency. Most patients with COVID-19 are adults
and middle-aged people, and the highest mortality
rate is related to older men with an average age of 75
years, but the virus can also infect young and healthy
people. Also, approximately 20% of COVID-19
patients develop severe respiratory disease which
the mortality rate in all cases is about 2.3% [7-9],

The major modes of transmission of the virus are
respiratory  droplets and  direct contact.
Asymptomatic carriers can also transmit and spread
the COVID-19 virus [10. 111, Patient analysis in some
articles shows the average incubation period of about
seven days and in some about four days [1% 131. Most
patients have mild to moderate symptoms.
Asymptomatic patients have also been reported.
Therefore, early and accurate diagnosis of SARS-CoV-
2 infection is essential to prevent and control the
epidemic.

Heterogeneity of clinical manifestations, from
asymptomatic individuals to severe disease cases and
the variety of nonspecific clinical manifestations of
COVID-19, reinforces the need for complementary
trials with good sensitivity and specificity. The gold
standard for detecting and detecting an infectious
agent is visualizing viral particles under an electron
microscope or tissue culture to study virus
replication in vitro. However, these methods require
technology available in research centers. Monitoring
the patients with COVID-19 has shown that the virus,
in addition to respiratory failure and ARDS, can cause
symptoms outside the respiratory tracts and expand
the range of related clinical manifestations. Other
complications include liver damage, acute
myocardial injury, acute kidney injury, septic shock,
and even multiple organ failure 4. Neurological
complications in patients with COVID-19 infection
can also manifest as acute encephalopathy and an
altered level of consciousness. In all these cases, more
knowledge is needed to diagnose the complications
of this new and rapidly expanding virus, which has
unknown features in modern medicine. Therefore,
identify biomarkers that can predict the disease's
type, severity, and prognosis [15 16,
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This study aimed to evaluate the diagnostic and
laboratory findings of infections caused by acute
respiratory syndrome due to SARS-CoV-2.

Information and Methods

This systematic review was carried out using
research in Google Scholar, international databases
such as Pubmed, Wiley, and Science Direct, and
Iranian databases including SID and Magiran by the
keywords  SARS-CoV-2, COVID-19 diagnostic
methods, PCR COVID-19, and hematology
parameters. Out of 120 articles, 93 articles [1-93] were
selected and reviewed.

Findings

Laboratory diagnostic methods to diagnose the
cause of COVID-19

Causal tests may be direct (such as culture or reverse
transcription-polymerase chain reaction (RT-PCR) to
detect the virus itself) or indirect (to determine the
humoral immune response to SARS-CoV-2).

Culture

Isolation and culture of the virus are performed on
human respiratory tract epithelial cells, Vero E6 cells,
or Huh-7 cells. It took about 96 hours for SARS-CoV-
2 to be cultured in human respiratory tract epithelial
cells, and its cultivation in Vero E6 or Huh-7 cells took
about six days. Virus isolation and culture should be
performed on surface biosafety (BSL-3). Laboratory
personnel should wear protective equipment,
including disposable gloves, gowns or coveralls,
scrub clothes, or a one-piece suit covering the arms,
head, and shoe cover. The use of the cultivation
method is not recommended due to the high cost and
time-consuming routine.

Nucleic acids

Nucleic acid testing is the main method of diagnosing
COVID-19, and sample collecting is the most
important step in laboratory diagnosis. A sample that
is not collected correctly will lead to incorrect test
results. For initial diagnostic testing for SARS-CoV-2
infections, the US Centers for Disease Control and
Prevention recommends the wupper respiratory
specimen. First, it is recommended to use synthetic
fiber swabs with a plastic shaft and a sterile container
for sample collecting. Calcium alginate swabs or a
wooden shaft should not be used because they may
contain inactivate viruses and inhibit PCR testing.
Second, swabs must be placed correctly to obtain
sufficient virus-infected cells. In detail, the
nasopharyngeal swab (NP) should be inserted
parallel to the palate through a flexible swab, and the
oropharyngeal swab (OP) should be wiped in the
posterior pharyngeal wall and tonsils. The combined
samples of NP and OP can increase the susceptibility
to respiratory viruses. Samples should be
refrigerated and sent to the laboratory immediately.
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Nucleic acid sequencing (NAAT) should be performed
at a Biosafety Level 2 laboratory (BSL-2). RT-PCR
involves the reverse transcription of 2SARS-CoV-
viral RNA into complementary DNA (cDNA), then
amplifies some cDNA areas. One of the advantages of
the RT-PCR method is that it allows the analysis of
gene expression of very small amounts of RNA even
at the content level of a single cell. In addition, this
method can be performed on several specimens or
different genes in an experiment.

The RT-PCR method can be performed in one or two
steps. In the one-step method, where the entire
reaction from cDNA synthesis to PCR amplification is
performed in a single tube, reverse transcription and
PCR amplification are integrated into one reaction,
and reverse transcription occurs during testing. This
type of method provides fast and reproducible
results for analysis with high acceptance capacity.
The challenge with this method is using an RNA start
pattern as the template, which will be prone to rapid
degradation if not properly controlled. In addition,
one-step protocols are less sensitive than two-step
protocols.

Nevertheless, in the two-step method, the reactions
are performed sequentially in separate tubes. This
method is more sensitive than the one-step method
but requires more time and optimization of
additional parameters. It is also more likely to
increase DNA contamination in this method.

US Centers for Disease Control and Prevention uses
RT-PCR (RRT-PCR), a one-step procedure, which
provides numerical data on viral volume to detect the
presence of SARS-CoV-2. In China, the National
Bureau of Medical Production has authorized the
company to use the PMseq and DNBSEQ-T7
metagenomics sequencing kit for emergency use. It
helps to control the epidemic by identifying patients
with COVID-19 and dynamically detecting recurrent
mutations in the virus.

The researchers examined several viral gene
sequences to differentiate 2019-nCoV from SARS-
CoV to design a set of primers and probes. Among
SARS-dependent genes, they identified three regions
with conserved sequences: E gene (protein gene) and
RdRP gene (RNA-dependent RNA-polymerase gene),
which were highly sensitive to detection. In contrast,
the N gene (nucleocapsid protein gene) showed less
sensitivity in each reaction. Therefore, a system can
be designed to diagnose different coronaviruses,
including SARS-CoV-2 publicly, and the second
primer is determined exclusively to identify SARS-
CoV-2. Also, the one-step RT-PCR method was
designed using primers for N and ORF-1b genes.
Therefore, it can be used for disease screening,
and ORFlb gene primers can be used as a
confirmatory test.

The problem with the RT-PCR method is the lack of
access to PCR kits. Regardless of the method, the
sensitivity and specificity of different RT-PCR Kkits are
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not 100%. Although this method is the gold standard
for diagnosing SARS-CoV-2 infection, its sensitivity
and specificity are estimated at 70% and 95%,
respectively. Sample collection method and disease
severity are effective in test results. So that, the test
results for people with mild symptoms and low virus
load are falsely negative. If the asymptomatic patient
is recovered from SARS-CoV-2 PCR, the PCR test will
not detect this previous infection, so monitoring
measures will not be applied.

Serological testing

Virus protein antigens and antibodies produced in
response to SARS-CoV-2 infection may contribute to
COVID-19 disease. The virus enters the human body
through SPIKE (protein S) enters the target cells in
the upper respiratory tract by binding to the
angiotensin-converting  enzyme-2.  Antibodies
against S protein are very specific for SARS-CoV-2;
their surface is well correlated with the virus
neutralization capacity. However, there is a needs to
explain the role of antibodies compared to other
proteins in the pathogenesis of COVID-19, even
promoting further virus penetration into cells.
Antibodies produced in response to viral proteins
may provide a wider time window for the indirect
diagnosis of SARS-CoV-2. In addition, other factors
that interfere with the results are included the
duration of symptoms during blood collecting and the
severity of the clinical picture. Viral volume in
posterior pharynx specimens from patients with
COVID-19 was compared with two types of RBD and
IgP antibodies in the patient's serum; the positive
rates were 94-100% for IgG, 94% for antibodies, and
88-94% for IgM. Also, immunoglobulin G and M (IgG
and IgM) were evaluated in the serum of COVID-19
patients treated for ten days using the ELISA method.
The results showed that both IgM and IgG were
relatively low or undetectable during the initial
sampling on the first day. However, an increase in
viral antibodies is seen in almost all patients during
the fifth day. IgM appears to increase significantly
since the fifth day and from the eighth day. IgG also
increased from the tenth day of onset of symptoms
and after the 14th day. Therefore, these tests are not
suitable for the early diagnosis of COVID-19. It has
recently been shown that IgG levels decrease
significantly after two or three months. The role of
these antibodies in protecting a person from re-
infection is still unknown. Studies have shown that
serological testing can improve the diagnosis rate;
however, it is difficult to determine the true
sensitivity values and characteristics for these
experiments. One of the potential challenges in
designing accurate serological tests involves the
possible cross-reactivity of SARS-CoV-2 antibodies
with the antibodies produced against other
coronaviruses.

Supportive trials

Some tests show COVID-19-related complications or
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risk factors for complications.

Hematology findings

Hematology laboratory parameters are not usually
used to diagnose COVID-19 due to their low
sensitivity and specificity. However, they are valuable
prognosis indices and provide useful information
about the severity of the disease, the duration of the
disease, and the response to treatment.
Changes in white blood cell
relationship with pathogenicity

The results showed that 36% of patients had
lymphopenia at the time of admission. Re-
examination of peripheral blood in the hospital
showed that most patients (69%) were lymphopenic
and people who needed an ICU had reduced
lymphocytes. A study conducted by several scientists
on 1,099 patients with positive COVID-19 was
hospitalized in 550 hospitals in China (33.7%)
showed that patients had leukopenia at admission
time, and this indicator was more in severe cases of
the disease. People with severe disease had higher
leukocyte, and neutrophil counts, decreased
lymphocytes, and increased neutrophil-to-
lymphocyte ratio. In one study, leukocytosis was
identified as one of the most important prognostic
parameters for severe COVID-19 disease. In
particular, the study of patients suggested an
association between lymphopenia and leukocytosis
and neutrophilia and the need for intensive care units
(Icu.

There was no consistent difference between the WBC
categories in children, and the leukocyte count was
normal in 69% of cases. In a few children, an increase
or decrease in leukocytes was observed, which did
not affect the prognosis of patients compared to adult
patients. However, in a study of 9 Iranian children
with COVID-19, aged 2-10, Leukopenia and
lymphopenia were observed in 3 children. The
disease had a good prognosis in children, and they
were all discharged during six days through
supportive care. Lymphopenia, leukocytosis, and
neutrophilia appear to be associated with more
severe disease and worse prognosis in adults, but it
has no cause side effects in children.

Neutrophils

Neutrophil-lymphocyte ratio (NLR is simply
the number of neutrophils divided by the number
of lymphocytes And is valid in showing the general
state of inflammation in the patient. People with severe
disease have a lower lymphocyte count, leukocyte
count, and neutrophil-lymphocyte ratio than non-
severely patients. Also, there is an 8% higher risk of
in-hospital mortality for every unit increase in NLR.
According to the findings, the inflammatory response
can stimulate the production of neutrophils and
accelerate lymphocytes apoptosis. The inflammatory
response can stimulate neutrophil production and
accelerate lymphocytes apoptosis. Abnormalities in
immunological responses and poor regulated
immune responses play an important role in

count and
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exacerbating viral diseases. When the immune
response is out of control, it can lead to severe
inflammation and even death. A 46-year-old woman
on peripheral blood smear showed
leukoerythroblastic reaction with normocytic
anemia and mild dacrocytes; neutrophilia and
immature myeloid cells such as myelocytes and
promyelocytes were significant, which during the
improvement of clinical condition, neutrophilia
resolved and other blood findings slowly improved.
Lymphocytes in peripheral blood, including T cells, B
cells, and natural killer (NK) cells, are involved in
humoral and cellular immunity against viral
infections. The effective immune response to viral
infection depends on the activation of cytotoxic
CD8+cells, which destroy the virus-infected cells.
Also, regulatory T cells play an important role in
preventing excessive and harmful immune reactions
to pathogens. Therefore, a better understanding of
the cellular immunoreactivity in COVID-19 could
provide new insights into the pathogenesis of the
disease. In the early stages of the disease (days 1 to
14), leukocytes and lymphocytes count in the
peripheral blood is normal or slightly reduced. Sars-
cov-2 often affects tissues expressing high levels of
the angiotensin-converting enzyme, including the
heart, lungs, and digestive system. 7 to 14 days after
early symptoms, an increase in inflammatory
mediators and cytokines characterized by a cytokine
storm occurs. Significant lymphopenia (involving
both T and B cell lines) is seen at this time, and
inflammatory factors increase in the peripheral
blood. Oral mucosal lymphocytes, like
gastrointestinal lymphocytes and lungs, express
angiotensin, two receptors on their surface.
Therefore, it can be concluded that SARS-CoV-2 can
directly infect these cells and lead to their lysis. In
addition, cytokine storms can accelerate lymphocyte
apoptosis (IL-6, IL-7, GCSF, MCPI, MIP1-a, TNF-a) by
significantly increasing interleukin levels. Significant
activation of cytokines can also be associated with
atrophy of lymphoid organs such as the spleen and
further disrupt the circulation of lymphocytes.
Thrombocytopenia

Based on studies, platelet counting seems to be a
rapid, accessible, cost-effective, and simple
laboratory parameter, which can distinguish
between patients with severe and non-severe
diseases and is independently related to the severity
of the disease and the risk of death in the ICU. In
addition, the findings showed that platelet depletion
was associated with a threefold increased risk of
disease. Thrombocytopenia is a condition in which
the platelet count drops to less than 150,000 per
microliter of blood and wusually indicates a
physiological lack of compensation without an
underlying hematological defect. The mechanism of
thrombocytopenia is usually multifactorial in COVID-
19 patients. Several mechanisms have been proposed
for thrombocytopenia in SARS: A) SARS can directly
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infect hematopoietic cells and bone marrow stromal
cells, causing apoptosis and inhibition of cell growth;
B) This virus can cause damage to blood cells by the
immune cell through inducing the production of
immune complexes and autoantibodies; C) The virus
induces a weak degree of DIC, which is disrupted by
clotting time and an increase in D-dimer; DIC
consumes platelets and reduces their number; D) The
virus can reduce the production or increase the
consumption of platelets in damaged lungs. Further
studies on the mechanism of thrombocytopenia can
provide valuable theoretical resources for timely
clinical treatment and a more comprehensive
understanding of the disease.

Coagulation disorder tests

Side effects of viral infection in patients in the severe
phase of the disease cause activation of several
systemic inflammatory and coagulation responses,
which are vital for the host defense system but can
lead to DIC. Stimulation of host inflammatory
responses also leads to increased production of
proinflammatory cytokines. This event leads to the
activation of the coagulation cascade and consumable
coagulopathy, which is common among COVID-19
patients, especially those with severe forms. The
primary coagulation disorders are associated with
increasing D-dimer FDP, whereas abnormalities in
prothrombin time (PT), partial thromboplastin time
(PTT), and platelet count in the early stages are

relatively unusual. Therefore, for screening
coagulation tests, measurement of D-dimer and
fibrinogen levels is recommended. It was found that

the risk of death in hospital was associated with a D-
dimer greater than 1ug/ml upon admission. COVID-

19 appears to be able to activate the coagulation

cascade through various mechanisms, leading to

severe hypercoagulability. Early anticoagulant
therapy can stop clot formation and reduce micro

thrombosis, thereby reducing the risk of major organ
damage. In a study on 183 patients (including 162
Survivors and 21 non-survivors), according to the
diagnostic criteria of the International Association of
Thrombosis and Homeostasis, the deceased had
significantly longer D-dimer, FDP, PT, and PTT upon
admission than the survivors, and 71.4% of the
patients who died in the hospital had DIC and the
average time between admission to the hospital and
the onset of DIC was about four days. Patients with
viral infection may develop sepsis. Sepsis is one of the
major causes of DIC. DIC occurs when monocytes and
endothelial cells are activated following injury and
secrete cytokines, tissue factor, and von Willebrand
factor. Free thrombin circulation, uncontrolled by
natural anticoagulants, can activate platelets and
stimulate fibrinolysis. In the late stages of COVID-19,
levels of fibrin-related markers (D-dimer and FDP)
increase in all cases leading to death, indicating
activation of coagulation cascade or secondary
hyperfibrinolysis in these patients. The combination
of thrombocytopenia, prolonged PT, and increased D-
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dimer indicates DIC; however, this pattern is
markedly different from the DIC in sepsis.

In sepsis, thrombocytopenia is usually very
prominent, and D-dimer in sepsis is lower than in
COVID-19 patients. Indeed, many COVID-19 patients
cannot be considered to have DIC according to
criteria from the International Association of
Thrombosis and Homeostasis. Therefore,
coagulopathy associated with COVID-19 appears to
be a combination of low-grade DIC and localized
pulmonary thrombotic microangiopathy, which can
significantly affect organ dysfunction in patients with
severe forms of the disease. Increased fibrinogen and
D-dimer are common in patients with COVID-19 due
to coagulation dysfunction. In a study conducted in
Shanghai to investigate the relationship between
coagulopathy with COVID-19, patients with COVID-
19 were divided into two groups of relatively mild
(n=277) and severe disease (n=26); the average of
coagulation parameters in the severe disease group
was higher than the relatively mild disease group;
International Normalized Ratio (INR): 1.04 compared
to 1.01, PT: 13.8 vs. 13.4 seconds, APTT: 43.2 vs. 39.2
seconds, Fibrinogen: 4.74 vs. 4.33g/l, FDP: 2.61 vs.
0.99pug/ml, D-dimer: 1.04 vs. 0.43pg/ml. According to
the results, DIC is more common in deaths with
COVID-19, and abnormal coagulation tests especially
increased D-dimer and FDP, can guide the treatment
process and prognosis evaluation.

Common inflammatory markers of acute-phase
reactors

The regulation of ferritin synthesis is controlled by
cytokines. Therefore, the intense immune activity in
the field of cytokine storms observed in critical and
fatal cases of COVID-19 leads to the regulation of
serum ferritin levels. Indeed, initial data of the
patients suggest that excessive ferritin levels are seen
in COVID-19 patients, from 400pg/l to more than
2000pg/1, with the highest trend in cases with severe
disease non-surviving people. It has been reported
that the rate of erythrocyte sedimentation rate (ESR)
of people in critical condition is higher than those
who have recovered (median ESR 38.5 vs. 28mm/h).
Also, ESR was recognized as the strongest factor for
predicting disease progression and diagnosing
severe COVID-19 patients in the early stages of
COVID-19.

There is a similar trend for C-reactive protein (CRP)
compared to ESR, except that in the deceased, the
CRP quadrupled (median concentration 113 vs.
26.2m/1). There is a significant increase in the
frequency of higher CRP concentrations between
severe and critical disease cases compared with
moderate disease. The researcher reported that
higher CRP levels were inversely associated with
disease progression. Researchers measured CRP as a
prognostic factor for COVID-19 at the time of
admission, and it was found that higher plasma CRP
levels indicate severe pneumonia in COVID-19 and
longer hospitalization. The results of other studies
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also show that the concentration of procalcitonin is
higher in severe disease than in moderate. These
results indicate an increase in the level of systemic
inflammation in severe diseases. However, some
studies have found lower PCT changes compared to
other laboratory parameters. Albumin is a negatively
acute phase reactant with antioxidant properties
whose synthesis is regulated by inflammatory
cytokines. Therefore, it is not surprising that
hypoalbuminemia (usually less than 30g/L) is
persistent in patients with severe or fatal COVID-19.
In addition, a study showed that low albumin
concentrations were associated with a failure
recovery of the disease. Hypoalbuminemia has also
been reported as a risk factor among other
parameters for predicting the risk of severe COVID-
19. Serum amyloid A (SAA) is another acute-phase
reactant that prevents monocyte motility, platelet
activation, fever, and various chemotherapy routes.
Nevertheless, high concentrations of SAA among all
patients with COVID-19 have been reported in only
one study (there is no significant difference between
severe and non-severe cases).

Cardiac biomarkers

Cardiac troponin I and T are highly sensitive and
specific biomarkers of myocardial damage, which can
be caused by myocardial ischemia, inflammation,
immune response, and toxins. Results of troponin
evaluation of 6247 patients over 48 hours showed
4426 patients with normal troponin (71%), 919
patients with slightly increased troponin (15%), and
902 patients with severely increased troponin (14%).
In patients with high troponin, the risk of death was
significantly higher than normal troponin, and this
risk is independent of the underlying cardiovascular
disease. In another study, an increased troponin was
observed in more than half of the no survival patients
upon admission. Regardless of the underlying
cardiovascular disease, patients with a dynamic
increase in troponin during hospitalization were
likely to have fatal outcomes. The main mechanism of
troponin increase in patients with COVID-19 is
unknown. Myocardial damage in COVID-19 patients
may be associated with systemic inflammation rather
than a viral attack. Directly, increased levels of CK-MB
and NT-proBNP can also be seen in patients with
severe COVID-19 compared to non-severe patients.
Kidney tests

In a group study on 701 patients with COVID-19, the
ratios of proteinuria, hematuria, and abnormal serum
creatinine and urea nitrogen at admission were 43.9,
26.7,14.4, and 13.1%, respectively. In addition, there
was a high prevalence (5.1%) of acute kidney injury
(AKI) during the study period. Proteinuria,
hematuria, and elevated serum creatinine/nitrogen
urea on admission and AKI were independent risk
factors for death during hospitalization, and patients
with kidney disease have a significantly higher risk of
death in the hospital. Autopsy of 26 COVID-19
patients showed significant histopathology of acute
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kidney damage, and it was found that tubular
epithelial cells were directly infected with SARS-
CoV2. Therefore, SARS-CoV2 may cause kidney injury
or exacerbate kidney disease. Therefore, monitoring
renal function and AKI occurrence in patients with
COVID-19 should not be neglected.

Liver function tests

Abnormal liver function tests, like increasing ALT,
AST, TBIL, and GGT, and decreased albumin levels are
relatively common in patients with COVID-19, and
there is abnormal ALT or AST in 10-33% of these
patients. However, patients with severe COVID-19
appear to have severe liver dysfunction. However, the
levels of ALT, AST, TBIL, and GGT in COVID-19
patients were not significantly different from those in
pneumonia patients. The mean level of transaminase
in severe COVID-19 patients is less than twice as high
as the reference level, and liver damage in COVID-19
is not clinically significant.

Elevated aminotransferase is not necessarily due to
liver injury, and COVID-19 infection may cause
myositis inflammation similar to severe influenza
infections or liver dysfunction related to liver injury
due to inflammation, hepatotoxicity, and hypoxia due
to medication.

Biochemical markers and arterial blood gases
Lactate dehydrogenase (LDH) is a cytoplasmic
enzyme present in any tissue, and its high realizing
indicates major organ damage. Therefore, LDH is
expected to increase in severe cases of COVID-19,
where multiple organ damage occurs. Current data
indicate that LDH levels are significantly higher in
fatal diseases (usually more than 320U/L). In
addition, higher LDH quadruples the risk of disease
failure. Finally, higher LDH concentrations at
admission are associated with a higher risk of COVID-
19 and therefore added to the initial prognosis tool
for severe infection. Other findings also show that an
increase or decrease in LDH is associated with
radiographic enhancement or improvement. LDH
normalization time is positively correlated with
radiographicrecovery time. The use of increased LDH
has a good feature to predict disease progression.
Examination of lipid is essential in the SARS-CoV-2
infection. The clinical significance of plasma lipid
profiles during COVID-19 disease has not been
accurately assessed. In a  cross-sectional
observational study on 1411 hospitalized patients
with COVID-19, total cholesterol, LDL cholesterol,
and HDL serum cholesterol were analyzed to predict
the prognosis of COVID-19 (severe disease vs. mild
disease); patients with severe COVID-19 disease had
lower HDL cholesterol and higher triglycerides
before infection. The lipid profile measured during
hospitalization also showed a relationship between
the severe disease with lower HDL cholesterol and
higher triglyceride levels.

Secondary  hemophagocytic  lymphocytocytosis
(sHLH) is an over-inflammatory syndrome
associated with fatal hypercytokinemia and multiple
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organ failure in adults. sHLH is usually caused by viral
infections, and sepsis occurs in 3.7-4.3% of cases. The
main features of sHLH include persistent fever,
cytopenias, hyperferritinemia, and pulmonary
involvement (including ARDS) that occur in 50% of
patients and is present in COVID 19 and is associated
with disease severity. Cytokine profiles in COVID-19
include increased IL-2 and IL-7, granulocyte colony-
stimulating factor, interferon-gamma, TNF-alpha,
which these cytokines are predictors of death, which
may be due to excessive inflammation caused by the
virus. In one study, more than 50% of patients who
died had a relative arterial oxygen pressure (Pa02)
less than 60mm Hg. CT score correlates with arterial
blood gas indices; therefore, arterial blood gases are
an important prognostic tool for disease severity
because they are directly related to lung function
impairment.

Discussion

The gold standard for diagnosing SARS-CoV-2
infection is the diagnosis by viral genetic material by
RT-PCR, in various specimens, with higher sensitivity
in the nasopharyngeal swab. Many factors related to
the individual, the specimen collecting method, and
the testing technique interfere with the sensitivity of
the tests. Therefore, a negative test in a patient with
a clear clinical picture should not rule out the
possibility of COVID-19. In addition, due to virus
mutations and the emergence of species with
different characteristics, the sensitivity of existing
tests may be reduced. For this purpose, there must be
dynamism in the study of the virus genome. Existing
serological tests are different, and many factors affect
their sensitivity and specificity. There is no
detectable antibody level in all patients with SARS-
CoV-2 infection, especially if they have milder
symptoms. Lack of antibodies does not mean any
contact or no protection against the virus. Also, the
presence of antibodies does not rule out the
possibility of infection; however, better detection and
recognition of antibodies with high sensitivity and
specificity will play an effective role in reducing costs
and increasing the speed and ease of testing.

In the case of additional tests, hematology tests help
determine the prognosis of the disease. According to
the articles, lymphopenia, leukocytosis, neutrophilia,
increased  neutrophil-lymphocyte  ratio, and
thrombocytopenia is present in some patients with
COVID-19. They are associated with more severity
and a worse prognosis in adults but do not cause
many side effects in children. Research has shown
that the side effects of this virus in pregnant women
are not more than normal people [°4; however, the
virus is constantly mutating, and new species may
need to be re-examined. Also, due to the spread of the
virus in Iran, more specific studies should be
performed on pregnant women or infants, who are
more exposed to the disease by new variants [95].
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The index of other auxiliary tests rises according to
the injured organs. High levels of CRP, ferritin, D-
dimer, procalcitonin, LDH, prothrombin time, partial
thromboplastin activation time, serum amyloid A
protein, creatine kinase, urea, and creatinine are risk
factors for more severe diseases, And liver and liver
tests are usually less affected by the disease. It is
better to do more specific research on testing people
with immunodeficiency. Cytokine profile tests in
COVID-19, including increased IL-2, IL-7, granulocyte
colony-stimulating factor, interferon-gamma, TNF-
alpha, are predictors of death, which are not routinely
available in Iran due to their high cost. Due to the
regulation of ferritin synthesis by cytokines,
increasing ferritin levels can be substituted for check
factors such as interleukin and TNF-alpha [67].
Serological tests can improve the positive rate of
diagnosis. However, it is difficult to determine the
sensitivity values and characteristics for serological
tests. The clinical spectrum of infection varies,
including asymptomatic infection, relatively mild
illness, or eventually severe viral pneumonia with
respiratory failure and even death. The incidence of
lymphopenia, thrombocytopenia, and coagulation
disorders are induced in severe cases of the disease
and are associated with a poor prognosis. Elevated
Dimer-D levels in severe cases suggest anticoagulant
therapy. Early anticoagulant therapy can stop clot
formation and reduce micro thrombosis, thereby
reducing the risk of major organ damage. In severe
cases, laboratory tests show changes in the immune
system with overstimulation of the cytokine storm. In
addition, biomarkers of specific organs indicate
involvement of heart muscle, kidney, and liver
dysfunction in many patients.
In this study, we tried to provide useful and brief
information about the new coronavirus by
addressing the findings and laboratory methods for
the diagnosis. An accurate and comprehensive
evaluation of laboratory parameters at all clinical
stages of the disease can help physicians diagnose
early and provide more care for people at higher risk.

Conclusion

Although virus diagnosis by reverse transcription-
polymerase chain reaction is the gold standard, if the
test is negative, the definitive diagnosis of COVID-19
should be based on clinical data; other tests for
complications of the disease are also important.
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