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CLINICAL AND HEMATOLOGICAL FINDINGS IN
PATIENTS WITH CORONAVIRUS DISEASE (COVID-19):
REVIEW
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ABSTRACTgomnavirus Disease 2019 (COVID-19) is a new type of disease that k@ever been previously identified
in humans. The virus that causes COVID-19 is called SARS-CoV-2. In humans, SARS-CoV-2 primarily infects cells
and glycoproteins contained in the envelope spike of the virus will bind to the ACE2 cellular receptor. The clinical
manifestations of COVID-19 patients have a broad spectrum, ranging from asymptomatic m@tu severe. This disease
significantly affects the haematological system and hemostasis, so haematological findings play an important role in
screening and as a prognostic marker. Lymphopenia, thrombocytopenia, leukocytosis, and neutrophilia are m;mrtant
laboratory findings. In addition, several other haematological and hemostasis parameters were found, including
neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR), and lymphocyte to monocyte (LMR), and

absolute lymphocyte count (ALC).
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Coronaviruses are a large family of viruses that cause illnesses
ranging from mild to severe symptoms. There are at least two
types of coronavirus known to cause diseases with severe symp-
toms, such as Middle East Respiratory Syndrome (MERS) and
Severe Acute Respiratory Syndrome (SARS). Coronavirus Dis-
ease 2019 (COVID-19) is a new type of disease that has never
been previously identified in humans.[1] The virus that causes
COVID-19 is called SARS-CoV-2. Coronaviruses are zoonotic
(transmitted between animals and humans). Research states that
SARS is transmitted from civet cats to humans and MERS from
camels to humans. The animal that is the source of hﬂsmission
of COVID-19 is still not known with certainty.[2,3] COVID-19
is a respiratory tract infection caused by a newly recognized
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coronavirus that first emerged gWuhan, China, in December
2019. Although most people infected by COVID-19 only expe-
rience mild disease or without complications, about 14% suffer
from the disease, need pital care and oxygen support, and
5% need to be admitted to an intensive care unit. In severe cases,
COVID-19 can be exaocrbatem/ acute respiratory distress syn-
drome (ARDS), sepsis and septic shock, multi-organ failure,
including kidney failure or acute heart failure.[4] Some patients
have severe symptoms of COVID-19 accomp@d by coagu-
lation abnormalities resembling coagulopathy associated with
severe systemic infection, such as disseminated intravascular
coagulopathy (DIC) or tm'nbotic microangiopathy.[5]

Approximately 80% of SARS-COV-Esembles SARS-CoV
and invades host cells by binding to angiotensin-converting
enzyme 2 (ACE2) receptors. Although the documentation re-
garding COVID-19 manifests primarily as a respiratory tract
infection, emergency case data indicate systemic disease related
to organ systems including cardiovascular, respiratory, gastroin-
testinal, ncumlogical@:mtological and immune systems.[6]
The mortality rate for COVID-19 is lower than SARS and MERS;
however, COVID-19 is more deatmhan seasonal flu. Elderly
people and those with comorbid increase the risk of death in
COVID-19, but young people without major underlying diseases
also have the potential for death, such as fulminant myocarditis
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and (DIC).[7,8] In this reference, the haematological features of
COVID-19 will be discussed.

Pathogenesis of Covid-19

The pathogenesis of SARS-CoV-2 is still not widely known, but
it is thought that it is not that different from the more widely
known SARS-CoV. SARS-CoV-2 primarily infects cells in the
airways that line the alveoli in humans. SARS-CoV-2 will bind
to the receptors and make a way ifithe cell. Glycoproteins
contained in the envelope spike of the SARS-CoV-2 virus will
md to the ACE2 cellular receptor. Inside the cell, SARS-CoV-2
duplicates genetic material and synthesizes the required pro-
teins, tl'aforms new virions that appear on the cell surface.
Similar to SAR@:\J’, in SARS-CoV-2, it is suspected that after
the virus enters the cell, the viral RNA genome will be released
into the cell cytoplasm and translated into two polyproteins and
structural proteins. Subsequently, the viral genome will begin to
replicate. The glycoproteins in the newly formed viral envelope
enter the membrane of the endoplasmic reticulum or Golgi cells.
There is the formation of nucleocapsid composed of the RNA
genome and nucleocapsid proteins. Viral particles will grow
into the endoplasmic reticulum and

Golgi cells. In the final stage, vesicles containing virus par-
ticles will combine with the plasma membrane to release new
viral components.[12] In SARS-m’, Protein S was reported as a
sig—nnt determinant of virus entry into host cells. It is known
that the entry of SARSEV into the cell begins with the fusion
of the viral membrane with the pm'na membrane of the cell. In
this process, the S2 protein’plays an important role in the prote-
olytic cleavage process, mediating the membrane fusion process.
Apart from membrane fusion, clatla-depcndent and clathrin-
independent endocytosis mediate the entry of SARS-CoV into
host cells.[14]

Viral and host factors play a role in SARS-CoV infection.[15]
The cytopathic effect of the virus and its ability to overpower
the immune response determines the ty of the infection.
Immune system dysregulation then plays a role in tissue damage
in SARS-CoV-2 infection. Inadequate immune response results
in viral replication and tissue damage. On the other hand, an
excessive immune response can cause tissue damage.[15]

The immune response caused by SARS-CoV-2 is not fully
understood but can be studied from the mechanisms found
in SARS-CoV and MERS-CoV. When the virus enters the cell,
the viral antigen will be presented to antigen presentation cells
( Viral antigen presentation mainly depends on the ma-
jor histocompatibility complex (MHC) class I molecules. How-
ever, MHC class II also contributes.[9] The antigen presentation
further stimulates the body’s humoral and cellular immune re-
sponse mediated by virus-specific T and B cells. In the humoral
immune response, IgM and IgG are formed against SARS-CoV.
Immunoglobulin M against SARS-CoV is lost at the end of week
12, and IgG can last long.[9] The results of a study on patients
who had recovered from SARS showed that after 4.

There could be found CD4+ and CD8+ memory T cells spe-
cific to SARS-CoV, but the number decreased gradually in the
absence of an antigen.[17] Viruses have mechanisms to evade the
host immune response. SARS-CoV can induce the production
of double-membrane vesicles that do not have pattern recogni-
tion receptors (PRRs) and replicate in these vesicles so that the
host cannot recognize them. SARS-CoV and MERS-CoV also
inhibited the IFN-I line. Antigen presentation is also inhibited
in MERS-CoV infection.[9]

a. Inmune Response to Hosts in COVID-19 with Clinical
Mild

The immune response that occurs in patients with manifesta-
tions of COVID-19 that is not severe is illustrated in a case report
in Australia. In these patients, there was an increase in CD38+
HLA-DR+ T cells (activated T ms), especially CD8 T cells, on
days 7-9. In addition, there was an increase in antibody-secreting
cells (ASCs) and follicular helper T cells in the blood on day 7,
three days before symptom resolution. A progressive increase
in IgM/ IgG SARS-CoV-2 was also found from day 7 to day 20.
These immunological changes persist for up to 7 days after the
resolution of symptoms. There was also a decrease in CD16+
CD14+ monocytes compared to healthy controls. Activated
natural killer (NK) cells HLA-DR+CD3-CD56+ and monocyte
chemoattractant protein-1 (MCP-1; CCL2) were alscacreased,
but levels were the same as in healthy controls. In patients
with mild manifestations of COVID-19, no increase in proin-
flammatory chemokines and cytokines was found, even when
symptomatic.[18]

b. Immune Response to Hosts in COVID-19 with Clini-
callysSerious Weight

The difference in the immunological profile between mild and
severe cases of COVID-19 can be seen in a study in China. The
study found lower lymphocyte counts, higher leucocyte and
neutrophil-lymphocyte ratio, and lower percentages of mono-
cytes, eosinophils and basophils in severe cases of COVID-19.
Proinflammatory cytokines, namely TNF-g, IL-1 and IL-6 and
IL- 8 and markers of infection such as procalcitonin, ferritin
and C-reactive protein, were also higher in sarre clinical cases.
Helper, T suppressor, and regulatory T cells were decreased in
COVID-19 patients with lower levels of T helper and regulatory
T in severe cases. Another casemmrt in a COVID-19 patient
with ARDS showed decreased CD4 and CD8 T lymphocytes.
The CD4 and CD8 lymphocytes were in a hyperactivation state,
indicated by the high proportion of the HLA-DR + CD38 + frac-
tion. CD8 T lymphocytes contained cytotoxic granules in high
concentrations (31.6% positive for perforin, 64.2% positive for
granulysin, and 30.5% positive for granulysin and perforin). In
addition, it was also found an increase in the concentration of
Thm.‘C R6 +, which was proinflammatory.[19]

ARDS is the lea cause of death in COVID-19 patients.
The cause of ARDS in SARS-CoV-2 infection is cyvtokine storm,
which is an uncontrolled systemic inflammatory f&ponse due to
the release of large amounts of pminfanatory kines (IFN-
w, IFN-, IL-lﬁ, IL-2, IL-6,IL -7, 1L-10 IL- 12, IL-18, IL-33, TNF-«,
and TGFp) and large amounts of d1emolae9 (CCL2, CCL3,
CCL5, CXCL8, CXCL9, and CXCL10).[9,20] Granulocyte-colony
stimulating factor, interferon-y- inducible protein 10, monocyte
chemoattractant protein 1, and macrophage inflammatory pro-
tein 1 alpha were also seen. This excessive immune response
can lead to lung damage and fibrosis, resulting in functional
disability.[21]

lll. Clinic manifestations

The clinical manifestations of COVID-19 patients have a broad
spectrum, ranging from asymptomatic, mild symptoms, pneu-
monia, severe pneumonia, ARDS, sepsis, to septic shock. About
B80% of cases were classified as mild or moderate, 13.8% were
seriously ill, and 6.1% of the patients fell into a critical condi-
tion. The proportion of asymptomatic infections is unknown.[22]
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Viremia, and high viral load from nasopharyngeal swabs in
asymomatic patients have been reported.[14] Mild symptoms
are defined as a patient with an acute uncomplicated upper
respiratory tract infection, which may present with fever, fa-
tigue, cough (with or without sputum), anorexia, malaise, sore
throat, nasal congestion, or headache. The patient does not need
oxygen supplementation. In some cases, the patient also com-
plained of diarrhoea and vomiting.[14,20] COVID-aaatients
with severe pneumonia are characterized by a fever plus one of
the following symptoms: (1) respiratory rate >30x/ minute, (2)
severe respiratory distress, or (3) 93% oxygen saturation without
oxygen assistance. In geriatric patients, there may be atypical
symptoms.[14]

Most patients infected with SARS-CoV-2 show respiratory
symptoms such as fever, coughing, sneezing, and shortness of
breath. The most common symptoms are fever, dry cough and
fatigue. Other symptoms found are productive cough, short-
ness of breath, sore throat, headache, myalgia/ arthralgia, chills,
nausea/ vomiting, nasal congestion, diarrhoea, abdominal pain,
hemoptysis, and conjunctival congestion. More than 40% of the
fever of COVID-19 patients had a peak temperature between
38.1-39° C, while 34% had a fever over 39°C.[2,14,22]

The course of the disease begins with an incubation period
of about 3-14 days (median 5 days). The leukocytes and lym-
phocytes are still normal or slightly decreased, and the patient
is asymptomatic. In the next phase (early symptoms), the virus
spreads through the bloodstream, presumably mainly in tissues
that express ACE2, such as the lungs, gastrointestinal tract and
heart. Symptoms in this phase are generally mild. The second at-
tack occurs four to seven days after the initial symptoms appear.
The patient still has a fever and begins to have tightness, the
lesions worsen, and the lymphocytes decrease. The markers of
inflammation begin to increase, and hypercoagulation begins. If
not resolved, the next phase of inflammation gets out of control,
and a cytokine storm occurs, which results in ARDS, sepsis, and
other complications.[6,14]

Hematology of patients with covid-19 infection

Based on research conducted in China and elsewhere, clinical
haematology laboratories play an important role as a prognostic
marker. Although the information in some cases is based on
results from a limited amount of data and must be validated
by additional studies, the available findings establish clinical
haematology laboratory as an important element in triage and
patient management. Apart from RT-PCR testing for organisms,
laboratory tests have never been assessed for the sensitivity or
specificity of COVID-19 diagnosis, although values as prognostic
indicators have been stated.[23]

A. Lymphopenia

Lymphopenia is a common finding in patients with COVID-19
infection, and is believed to represent an adaptive immune re-
sponse to the viru@w several early studies of 41 adults with
RT-PCR confirmed COVID-19 ition, Huang et al emphasized
that lymphopenia (defined as absolute lymphocyte count <1.0
x 109/ L) was present in 26 (63%) patients.[20] In a study of
67 COVID-19 patients from Singapore, Fan et al identified a
lymphocyte count <0.6 x 109/ L for intensive room care indica-
tion.[24]

The exact cause is unclear. However, functional studies sug-
gest that SARS-CoV-2 might impair the function of T helper

(CD4 +) cells and Treg cells and promote early hyperactivity
followed by rapid cytotoxic (CD8 +) T cells fatigue.25

B. Thrombocytopenia

Thrombocytopenia is an important indicator of a COVID-19 pa-
tient, as highlighted by recent reviews. This is not surprising
since platelet mm are used in scoring systems such as Mul-
tiple Organ and Dysfunction Score (MODS), Simplified Acute
Physiology Score (SAPS) II, and Acute Physiology and Chronic
Health Evaluation (APACHE) II and thrombocytopenia is an
indicator of severe disease in the scoring system. the.[26] Nine
meta-analysis studies showed that thrombocytopenia was re-
ported in most patients.[27] This is similar to the SARS outbreak
case data, in which thr ocytopenia was reported in  55%
of cases and correlated with an increased risk of serious dis-
ease.[23] In patients with severe infection, mromb@topenia
was identified in up to 57.7% of patients vs 31.6% of patients
with non-severe COVID-19 symptoms.[23]

The use of platelet counts onjunction with other factors
associated with severe disease has not been reported in COVID-
19 patients, although it has been used in SARS. For example,
Zou et al reported that the platelet count, in conjunction with
hypoxemia, was used as a prognostic model of SARS disease
severity with an accuracy of 96.2%.[29]

It has been reported that platelet-specific receptors are known
to interact with viruses. Viruses can directly interact with
platelets, thereby changing the number and function of platelets.
Various mechanisms are described and depend on the type of
virus. One of them: triggering systemic inflammation and clear-
ing activated platelets through the spleen/ liver macrophages
and / or phagocytosis by neutrophils as in the case of influenza
and rhinovirus, suppressing platelet production or increasing
platelet destruction as in the case of herpes and simian viruses,
and cross-reaction of anti-viral antibodies with a platelet inte-
grin surface as in the case of adenovirus.[29] For thrombocy-
topenia associfgbd with COVID-19, several suspected mecha-
nisms include development of autoantibodies or immune com-
plexes mediating clearance, direct infection of hematopoietic
cells or progenitor cells and megakaryocytic strains via CCD13
or CDé6a resulting in decreased platelet production, increased
thrombomodulin leading to activation of the pathological co-
agulation pathway and consumption. platelets and increased
plasma tissue-plasminogen activator concentrations resulting in
fibronolysis.[29]

C. Leukocytosis

Leukocytosis, regardless of describi@weutmphilia, lympho-
cytosis, or both, was noted for little in patients infected with
COVID-19, and a sign of bacterial infection or superinfection.
Metanalysis of the literature identified atl% of patients with
severe disease compared with 4.8% of patients with mild to
moderate disease.[23] A study by Takayuki Yamada, et al. re-
garding fever, leucocytosis, and elevated CRP associated with
severe COVID-19 suggest that leukocytosis and elevated CRP
at initial hospital admission can be biomarkers for predicting
severe COVID-19.[24]

D. Neutrophilia

Neutrophilia data sources are incomplete and have not been
widely discussed in the literature. Available data suggest that
the expression of cytokine storms and the hyperinflammatory
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state play an important %: in COVID-19 and related infections
such as SARS. Cytoplasmic and nuclear morphological anoma-
lies, from hyposegmental nuclei to apoptosis may be associated
with hyperinflammatory state with cytokine storms. Neutrophil-
ians usually precede an increase in reactive lymphocytes. Neu-
trophilia is also indicated with bacterial infection.[23,25] For
example, Farmll noted that neutrophilia was common in ICU
patients.[25] The neutrophil to lym te ratio (NLR), easily
calculated from routine blood tests by dividing the number of
neutrophils by lymphocytes, has been reported to be of value in
indicating the patient’s overall inflammatory status.

V.Hematology parameters in covid-19 patients

Apart from those described above, there are several components
of blood tests that can be used as a monitoring tool and predictor
of COVID-19, including;:

A. Neuirophil to Lymphocyte Ratio (NLR)

The ratio of neutrophils to lymphocytes (NLR) is easily calcu-
lated from the results of routine blood tests by dividing absolute
neutrophils by absolute lymphocytes. NLR has been reported to
have value in ind.icatingﬁ inflammatory status of patients.[32]

From the results of a retrospective cohort study by Yuwei
Liu, et al. The 245 COVID-19 patients found that patients with
increased NLR had a higher risk of death during hospitaliza-
tion.33 AF#udy conducted by Yang Ai-Ping reported that an
NLR > 3.3 was associated with more severe COVID-19.[32]

NLR has been proposed as a new biom@:r of systemic
inflammation. A high NLR is obtained from an increase i
neutrophil value and a decrease in the lymphocyte value. The
inflammatory response can stimulate neutrophil production and
the rate of lymphocyte apoptosis. Dysregulation of immune
cell responses and consequent immunological abnormalities are
believed to play an important role in the severity of disease
caused by viruses. When there is dysregulation of the immune
response, this condition causes excessive inflammation and can
even lead to death.[34,35]

ylatelet to Lymphocyte Ratio (PLR)

Inflammati lays an important role in the pathophysiology of
COVID-19. Neutrophil to lymphocyte ratio (NLR) and platelet
to lymphocyte ratio (PLR) can indirectly indicate the inflam-
matory status of the patient. PLR is calculated by dividing
absolute lets by absolute lymphocytes. In recent years, the
platelet to Ilymphocyte ratio (PLR) has been validated as a Eg-
nostic marker in various diseases, such as heart disease, solid
tumors, sepsis, pneumonia, and acute respiratory distress syn-
drome (ARDS).[32] A literature study conducted by Abigail, et
al. obtained a correlation between PLR levels and the sever-
ity (‘@DVID-W. There was a higher PLR value in patients
with severe COVID-19 than in mild ones.35 Research conducted
by Yang Ai-Ping reported a PLR cut-off >180 associated with
COVID-19.[32]

Severe COVID-19 patients showed increased leukocytosis,
neutrophilia, lymphopenia, and thrombocytopenia compared to
mild COVID-19 patients. Patienmave a greater likelihood of
occurring ARDS and require care in the intensiv e unit (ICU).
The mechanism of lymphopenia in COVleis associated with
the ability of the virus to infect T cells via the angiotensin-
converting enzyme 2 (ACE2) receptor and the spike protein
CD147. The end resultis decreased levels of CD3+, CD4+, CD8+,

T lymphocytes, and an increase in T reg cells. The increase in
proinflammatory cytokines and T cell lymphopenia causes se-
vere COVID-19 patients to experience a cytokine storm, resulting
mmrc lymphocytic apoptosis and multiorgan failure. Overall,
decreased levels of CD4+ and CD8+ T lymphocytes correlated
with the degree of disease severity. which can lead to an increase
in NLR or PLR.[32,35]

C. Lymphocyte to Monocyte Ratio (LMR)

A very high neutrophil to lymphocyte ratio (NLR) predicts a
poorer l:agnosis in patients with ARDS. However, the lym-
phocyte to monocyte ratio (LMR) has been shown to be a more
adequate prognostic biomarker than NLR in most chronic inflam-
matory diseases, including metastatic and pathological autoim-
mune cancers.[36] Research conducte(a* Zhang Ting reported
an LMR cut-off value of 3.0 associated with COVID-19.[41]

In the study, Paolo Lissoni et al., Concluded that evaluating
the LMR value can be a simple and less expensive biomarker
for monitoring the development of COVID-19 infection and
respiratory complications. b study showed that the decrease
in lymphocytes that occurs in patients with respiratory distress
in COVID-19 is associated with a concomitant increase in the
number of monocytes, followed by a decrease in the LMR value.
In addition, it is possible that the lymphocytopenia associated
with COVID-19 is caused by the release of lymphocytes from the
blood circulation then infiltrating the lung tissue and causing
respiratory distress due to lung damage, rather than reduced
lymphocyte production. Therefore, decreased LMR is a more
adequate clinical biomarker for monitoring the progression of
COVID-19 infection and its prognosis for other, less specific
parameters, such as NLR and PLR.[36]

D. Absolute Lymphocyte Count (ALC)

It is known that lymphocytopenia, defined as an absolute lym-
phocyte count (ALC) <1000 cells/ uL, occurs in COVID-19 and
correlates with disease severity. It is known that lymphocy-
topenia is a m'lmon systemic manifestation of viral diseases,
particularly coronaviruses such as SARS-CoV and MERS-CoV,
wl'mhave been shown to cause lymphocytopenia.[37]

A retrospective cohort study on COVID-19 patients con-
ducted by Jason Wagner et al. found evidence of missyocia-
tion between lymphocytopenia and disease severity. COVID-19
patients admitted to the ICU had a higher lymphocytopenia
rate than patients who were not admitted to the ICU. Patients
with persistent lymphocytopenia during treatment with COVID-
19 have a likely poor prognosis. Persistent lymphocytopenia
is associated with a poor prognosis after diagnosis with sep-
sis. Drewery et al. (2014) hypothesized that this could be due
to an anti-inflammatory response in the later stages of sepsis.
Thus, there is a possibility that lymphocytopenia causes an im-
munosuppressive condition, causes more severe conditions in
COVID-19 and requires ICU care.[37]

Coagulation factor interference in covid-19 patients

Thrombotic complications appear to be an important problem
in patients with COVID-19. Initial reports on the COVID-19
pandemic indicated that infected patients generally had throm-
bocytopcnim»z%) and increased D-Dimer (46.4%), while these
rates were higher in patients with severe COVID-19 disease
(each 57.7% and 59.6%). In addition, one of the commuon lab-
oratory findings recorded in COVID-19 patients who require
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hospitalization is an increase in D-Dimer. It has been established
that elderly individuals and comorbid individuals (both groups
tended to have higher D-Dimers) were more likely to die from
COVID-19. Other supporting data shows that patients infected
with this new type of coronavirus are at risk of developing
DIC.[38, 40]

Thrombocytopenia and increased D-Dimer can be explained
by excessive activation of the coagulation cascade and platelets.
Viral infection elicits a systemic inflammatory response and
causes an imbalance between procoagulant and anticoagulant
homeostatic mechanisms. Various pathologic mechanisms are in-
volved, including cnd(‘mlial dysfunction, increased von Wille-
brand factor, activation of the Toll-like receptor (TLR), and activa-
tion of the tissue factor pathway. Platelets, after the introduction
of the antigen, become active and interact with leukocytes to fa-
cilitate pathogen clearance through activation of the leukocytes
and clot formation. Platelets are the main mcd.iatmﬂf inflamma-
tion and sensors of infectious agents through the interaction of
cell surface receptors and pathogens (pathogen pattern recogni-
tion receptors) or immune system derivatives (immunoglobulin
Fe receptors and complement receptors).[39, 40]

mmary

Coronavirus Disease 2019 (COVID-19) is a new type of disease
that manifests primarily as respiratory tract infections and in
systemic diseases related to organ systems, including cardiovas-
cular, respiratory, gastrointestinal, n ogical, haematological
and immune systems. This disease has a significant effect on
the haematological system and hemostasis. Lymphopenia is an
important laboratory finding. In addition, thrombocytopenia,
leukocytosis, and neutrophilia were also@nd. Several other
haematological parameters were found, including neutrophil
to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR),
lymphocyte to monocyte (LMR), and absolute lymphocyte count
(ALC).

Blood hypercoagulability is common in COVID-19 patients
who are hospitalized. In addition, d-Dimer enhancement, PT
and aPTT elongation, and fibrin product degradation have been
reported. Therefore, the occurrence of disseminated intravas-
cular coagulation (DIC) requires continued vigilance and early
prevention.

Acknowledgements

We declare that NO affiliations with or involvement in any or-
ganization or entity with any financial interest (such as hon-
oraria; educational grants; participation in speakers’ bureaus;
membership, employment, consultancies, stock ownership, or
other equity interest; and expert testimony or patent-licensing
arrangements), or non-financial interest (such as personal or
professional relationships, affiliations, kra.rledge or beliefs) in
the subject matter or materials discussed in this manuscript.

Funding

This work did not receive any grant from funding agencies in
the public, commercial, or not-for-profit sectors.
Conflict of interest

There are no conflicts of interest to declare by any of the authors
of this study.

References

1. World Health Organization. WHO Director-General’s Re-
marks at the Media Briefing on 2019- nCov on 11 February
2020.

2. Isbaniah, F,, & al., e. (Jan 2020). Pedoman Kesiapsiagaan
Menghadapai Infeksi Novel Coronavirus. Direktorat Jen-
deral Pencegahan dan Pengendalian Penyakit, 1 - 78.

3. Lippi G, Plebani M. The critical role of laboratory medicine
during coronavirus disease 2019 (COVID-19) and other viral
outbreaks. Clin Chem Lab Med. 2020.

4. Bhatraju PK, Ghassemieh B]J, Nichols M, et al. Covid-19 in
critically ill patients in the Seattle region—case series. N
Engl ] Med 2020; published online March 30.

5. Levi M, Scully M. How I treat disseminated intravascular
coagulation. Blood 2018; 131: 845- 54.

6. XuH, Zhong L, Deng ], Peng ], Dan H, Zeng X, et al. High
expression of ACE2 receptor of 2019-nCoV on the epithe-
lial cells of oral mucosa. International Journal of Oral Sci-
ence.2020; 12 (1): 8.

7. Tang N, Li D, Wang X, Sun Z. Abnormal coagulation pa-
rameters are associated with poor prognosis in patients
with novel coronavirus pneumonia. ]| Thromb Haemost.
2020;4:844-847.

8. Madjid M, Safavi-Naeini P, Solomon SD, Vardeny O. Poten-
tial effects of coronaviruses on the cardiovascular system: a
review. JAMA Cardiol. 2020.

9. LiX, Geng M, Peng Y, Meng L, Lu 5. Molecular immune
pathogenesis and diagnosis of COVID-19. ] Pharm Anal.
2020

10. Zhang H, Penninger JM, Li Y, Zhong N, Slutsky AS.
Angiotensin-converting enzyme 2 (ACE2) as a SARS-CoV-2
receptor: molecular mechanisms and potential therapeutic
target. Intensive Care Med. 2020;

11. Liu Y, Gayle AA, Wilder-Smith A, Rocklév ]. The repro-
ductive number of COVID-19 is higher compared to SARS
coronavirus. | Travel Med. 2020;27(2).

12. de Wit E, van Doremalen N, Falzarano D, Munster V]. SARS
and MERS: recent insights into emerging coronaviruses.
Nat Rev Microbiol. 2016;14(8):523-34.

13. Wang H, Yang F, Liu K, Guo F, Zhang Y, Zhang G, et al.
SARS coronavirus entry into host cells through a novel
clathrin-and caveolae-independent endocytic pathway. Cell
Res. 2008;18(2):290-301.

14. Susilo Adityo, etal. Coronavirus Disease 2019: Tinjauan Lit-
eratur Terkini. Jurnal Penyakit Dalam Indonesia. 2020;7(1):
45-67.

15. LiG,Fan Y, LaiY, Han T, Li Z, Zhou P, et al. Coronavirus in-
fections and immune responses. ] Med Virol. 2020;92(4):424-
32

16. Qin C, ZhouL, Hu Z, Zhang 5, Yang 5, Tao Y, et al. Dysreg-
ulation of immune response in patients with COVID-19 in
Wuhan, China. Clin Infect Dis. 2020: 13.

Winnie Pratiwi Achmad et al./ International Journal of Medical Reviews and Case Reports (2022) 6(10):1-6




17.

18.

19.

20.

21.

24,

26.

27.

28.

29,

31.

32.

. Amgalan Ariunzaya, Othman Maha.

Fan YY, Huang ZT, Li L, Wu MH, Yu T, Koup RA, et al.
Characterization of SARS-CoV- specific memory T cells
from recovered individuals 4 years after infection. Arch
Virol. 2009;154(7):1093-9.

Thevarajan I, Nguyen THO, Koutsakos M, Druce J, Caly
L, van de Sandt CE, et al. Breadth of concomitant immune
responses prior to patient recovery: a case report of non-
severe COVID-19. Nat Med. 2020.

Xu Z, Shi L, Wang Y, Zhang |, Huang L, Zhang C, et al.
Pathological findings of COVID-19 associated with acute
respiratory distress syndrome. Lancet Respir Med. 2020.

Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical
features of patients infected with 2019 novel coronavirus in
Wuhan, China. Lancet. 2020;395(10223):497-506.

Zumla A, Hui DS, Azhar EI, Memish ZA, Maeurer M. Re-
ducing mortality from 2019-nCoV: host-directed therapies
should be an option. Lancet. 2020;395(10224):e35-¢6.

. World Health Organization. Report of the WHO-China

Joint Mission on Coronavirus Disease 2019 (COVID-19).
Geneva: World Health Organization; 2020.

. Frater John, et al. COVID-19 and the Clinical Hematology

Laboratory. International Society for Laboratory Hematol-
ogy. 2020.

Yamada Takayuki, et al. Value of Leukocytosis and Ele-
vated C-Reaktive Protein in Predicting Severe Coronavirus
2019 (COVID-19): A systematic Review and Meta-analysis.
Clinica Chimica Acta 509 (2020) 235-243.

. Fan BE, Chong VCL, Chan 55W, et al. Hematologic param-

eters in patients with COVID-19 infection. Am ] Hematol.
2020.

Terpos Evangelos, et al. Hematological Findings and Com-
plications of COVID-19. Am ] Hematol. 2020; 1-14.

Lippi G, Plebani M, Henry BM. Thrombocytopenia is as-
sociated with severe coronavirus disease 2019 (COVID-19)
infections: A meta-analysis. Clin Chim Acta. 2020;506:145-
148.

Chen N, Zhou M, Dong X, et al. Epidemiological and clin-
ical characteristics of 99 cases of 2019 novel coronavirus
pneumonia in Wuhan, China: a descriptive study. Lancet.
2020;395(10223):507-513.

Zou Z, Yang Y, Chen ], et al. Prognostic factors for severe
acute respiratory syndrome: a clinical analysis of 165 cases.
Clin Infect Dis. 2004;38(4):483-489.

Exploring Possi-
ble Mechanisms for COVID-19 induced Thrombocytope-
nia: Unanswered Queations. Journal of Thrombosis and
Haemostasis. 2020; 1514 - 6.

Qin C, Zhou L, Hu Z, et al. Dysregulation of immune
response in patients with COVID-19 in Wuhan, China. Clin
Infect Dis. 2020.

Yang Ai-Ping, et al. The Diagnostic and Predictive Role of
NLR, d-NLR, and PLR in COVID- 19 Patients. International
Immunopharmacology 84 (2020) 106504.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Liu Yuwei, et al. Neutrophil-to-Lymphocyte Ratio as an
Independent Risk Factor for Mortality in Hospitalized Pa-
tients with COVID-19. Journal of Infection 81 (2020} ef-el2.

Belice Tahir, et al. Role of Neutrophil-Lymphocyte-Ratio in
the Mortality of Male Diagnosed with COVID-19. IRAN. J.
MICROBIOL. Volume 12Number 3 (June 2020) 194-197.

Chan Abigail Sy, Rout Amit. Use of Neutrophil-to-
Lymphocyte and Platelet-to-Lymphocyte Ratios in COVID-
19. ] Clin Med Res, 2020; 12 (7): 448-453.

Lissoni Paolo, et al. Evidence of Abnormally Low
Lymphocyte-To-Monocyte Ratio In COVID-19-Induced Se-
vere Acute Respiratory Syndrome. ] Immuno Allerg. 2020;
1(2): 1-6.

Wagner Jason, et al. Absolute Lymphocyte Count is a Prog-
nostic Marker in COVID-19 : A Retrospective Cohort Re-
view. Int ] Lab Hematol. 2020;00:1-5.

Giannis Dimitrios, et al. Coagulation Disorders in Coron-
avirus Infected Patients: COVID-19, SARS-CoV-1, MERS-
CoV and lessons from the Past. Journal of Clinical Virology.
2020.

Thachil Jecko, et al. ISTH Interim Guidance on Recognition
and Management of Coagulopathy in COVID-19. Journal
of Thrombosis and Haemostasis. 2020; 1023-6.

Whyte Claire S, et al. Fibrinolytic Abnormalities in Acute
Respiratory Distress Syndrome (ARDS) and Versatility of
Thrombolytic Drugs to Treat COVID-19. Journal of Throm-
bosis and Haemostasis. 2020.

Zhang Ting, et al Significance of Neutrophil-to-
Lymphocyte Ratio, Platelet-to-Lymphocyte Ratio for
Predicting Clinical Qutcomes in COVID-19. DOI:
https://doi.org/10.21203/ re.3.re- 34983 /v1. 2020; 10.

Winnie Pratiwi Achmad et al./ International Journal of Medical Reviews and Case Reports (2022) 6(10):1-6




publikasi.pdf

ORIGINALITY REPORT

24, 18, 19 10«

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

www.testmagzine.biz

Internet Source

3%

o

Sudarmi Sudarmi, Rohani Rohani, Irianto
Irianto, Ni Putu Dian Ayu Anggraeni.
"Determinants of Affecting Factors Mortality
of in The Elderly Covid-19 Patients", Jurnal
Kesehatan Prima, 2022

Publication

2%

e

www.tandfonline.com

Internet Source

T

-~

mojem.um.edu.my

Internet Source

T

o

www.ijodontostomatology.com

Internet Source

T

Mouhamed Yazan Abou-Ismail, Akiva
Diamond, Sargam Kapoor, Yasmin Arafah,
Lalitha Nayak. "The hypercoagulable state in
COVID-19: Incidence, pathophysiology, and
management", Thrombosis Research, 2020

Publication

<1%




Submitted to Ain Shams Universit

Student Paper y <1 %
hrcak.srce.hr

E Internet Source <1 %

br.mazumes.ac.ir

n IFr?ternetSource <1 %

www.nature.com <1
Internet Source %

Balachandar Vellingiri, Kaavya Jayaramayya, <1 .

. %0

Mahalaxmi lyer, Arul Narayanasamy et al.
"COVID-19: A promising cure for the global
panic", Science of The Total Environment,
2020
Publication

Submitted to Imperial College of Science, <1 o
Technology and Medicine ’
Student Paper

Jianshe Lang. "Inhibition of SARS Pseudovirus <1 o
Cell Entry by Lactoferrin Binding to Heparan ’
Sulfate Proteoglycans", PLoS ONE, 08/22/2011
Publication
recursos.aefa.es

Internet Source <1 %
worldwidescience.or

Internet Source g <1 %




www. medrxiv.or

Internet Source g <1 %
www.thieme-connect.de

Internet Source <1 %
Submitted to Leiden Universit

Student Paper y <1 %
ejb.springeropen.com

In-'!ernetEourceg p <1 %
kjim.or

In{ernet Sou%ce <1 %

Submltjced to International Islamic University <1 o
Malaysia
Student Paper

Tracey L. Freeman, Talia H. Swartz. "Targeting <'I o
the NLRP3 Inflammasome in Severe COVID- 0
19", Frontiers in Immunology, 2020
Publication
www.msjonline.or

InternetSourci g <1 %

Submitted to Pennsylvania College of <1 o
Technology
Student Paper
dspace.library.uu.nl

InterFr)1etSource y <1 %

WWW.jcpsp.pk



Internet Source

<1 %
bircu-journal.com

InternetSJource <1 %

etjson.sid.ir

I%terr!etSource <1 %
medivizor.com

Internet Source <1 %
repositorio.unb.br

IntePnetSource <1 %

Chitra Mehta, Sushila Kataria, Yatin Mehta. <1 y
"Management of Coronavirus 2019", Journal ’
of Cardiac Critical Care TSS, 2020
Publication

Guldeniz Argun, Fatih Hizli, Mehmet Duvarci, <1 o
Eda Karaismailoglu, Halil Basar, Suheyla ’
Unver. "The Effect of General and Regional
Anesthesia on the Neutrophil / Lymphocyte
and Platelet / Lymphocyte Ratios During
Bladder Tumor Surgery; Retrospective
Study.", Research Square Platform LLC, 2021
Publication

Submitted to University of Newcastle upon <1 o

Tyne

Student Paper

acamedicine.org



Internet Source

<1%

secureservercdn.net

Internet Source <1 %
WwWw.researchgate.net

Internet Source g <1 %
1library.net

Internet So?J/rce <1 %

Odyssefs A. Violetis, Angeliki M. Chasouraki, <1 o
Alexandra M. Giannou, loannis G. Baraboultis. °
"COVID-19 Infection and Haematological
Involvement: a Review of Epidemiology,
Pathophysiology and Prognosis of Full Blood
Count Findings", SN Comprehensive Clinical
Medicine, 2020
Publication
api.intechopen.com

IntErnet Source p <1 %

assets.researchsquare.com <1
Internet Source %
covid-19.sciensano.be

Internet Source <1 %
eurjmedres.biomedcentral.com

InternJet Source <1 %

&
w

f1000researchdata.s3.amazonaws.com

Internet Source



<1%

otolaryngol.alliedacademies.com
Internet;’o%rceg <1 %
olynoe.lib.uniwa.gr
IEtern{tSource g <1 %
ublicacoes.cardiol.br
IEw)ternetSource <1 %
WWwWW.[stage.ist.g0.]
Internet SJourceg J g Jp <1 %
Fahad Khan, Tayler van den Akker, Shafinaz <1
. . . %
Hussein, Bridget K. Marcellino et al.
"Activation of cytotoxic T cell population and
inversion of CD4:CDS8 ratio as manifestations
of cellular immune response in SARS-COV-2
infection", Journal of Hematopathology, 2020
Publication
Submitted to Sriwijaya Universit
Student Paper J y y <1 %
ejournal.unisba.ac.id
IngernetSource <1 %
essuir.sumdu.edu.ua
Internet Source <1 %
A.A. Dawood. "Mutated COVID-19 may foretell <1 o

a great risk for mankind in the future", New



Microbes and New Infections, 2020

Publication

Shaimaa Hani Fouad, Mohamed Farouk Allam, <1 o
Sara Ibrahim Taha, Ahmed Ashraf Okba, Amr ’
Hosny, Mayada Moneer, Sylvia Wefky Roman.
"Comparison of hemoglobin level and
neutrophil to lymphocyte ratio as prognostic
markers in patients with COVID-19", Journal of
International Medical Research, 2021
Publication

Valencia Shihuan Long, Jinghao Nicholas <1

. . . %
Ngiam, Nicholas Chew, Sai Meng Tham et al.
"Haematological profile of COVID-19 patients
from a centre in Singapore", Hematology,

2021
Publication

:ﬂiﬁecit;?ugrceentscancer.b|omedcentral.com <1 o
link.springer.com

InternetSF())urceg <1 %
mafiadoc.com

Internet Source <1 %
WWW.ijbs.com

InternetSE)lurce <1 %
www.thieme-connect.com

Internet Source <1 %




www.wjgnet.com

Internet Source

<1%

Muhammad Sohaib Asghar, Noman Ahmed
Khan, Syed Jawad Haider Kazmi, Aftab Ahmed
et al. "Hematological parameters predicting
severity and mortality in COVID-19 patients of
Pakistan: a retrospective comparative
analysis", Journal of Community Hospital
Internal Medicine Perspectives, 2020

Publication

<1%

Zeying Wen, Yonge Chi, Liang Zhang, Huan
Liu, Kun Du, Zhengxing Li, Jie Chen, Liuhui
Cheng, Daoging Wang. "Coronavirus Disease
2019: Initial Detection on Chest CT in a
Retrospective Multicenter Study of 103
Chinese Subjects", Radiology: Cardiothoracic
Imaging, 2020

Publication

<1%

Ali A. Dawood. "Mutated COVID-19, May
Foretells Mankind in a Great Risk in the

Future", New Microbes and New Infections,
2020

Publication

<1%

Elissa Driggin, Mahesh V. Madhavan, Behnood
Bikdeli, Taylor Chuich et al. "Cardiovascular
Considerations for Patients, Health Care
Workers, and Health Systems During the
Coronavirus Disease 2019 (COVID-19)

<1%



Pandemic", Journal of the American College of
Cardiology, 2020

Publication

Mustafa Yenercag, Ugur Arslan, Onur O.
Seker, Seckin Dereli et al. "Evaluation of P-
wave dispersion in patients with newly
diagnosed coronavirus disease 2019", Journal
of Cardiovascular Medicine, 2021

Publication

<1%

Rubina Mulchandani, Tanica Lyngdoh, Ashish
Kumar Kakkar. "Deciphering the COVID - 19
cytokine storm: Systematic review and

meta - analysis", European Journal of Clinical
Investigation, 2020

Publication

<1%

Subhasish Bose, Sreedhar Adapa, Narothama
Reddy Aeddula, Sasmit Roy et al. "Medical
Management of COVID-19: Evidence and
Experience", Journal of Clinical Medicine
Research, 2020

Publication

<1%

XIN-RAN LI, LIN ZHOU, YU-XIN CHEN, NA LI,
JIAN MENG. "Prognostic Value of Preoperative
Neutrophil-to -Lymphocyte Ratio in Adenoid
Cystic Carcinoma of the Head and Neck",
Research Square Platform LLC, 2021

Publication

<1%




E Yanshuo Chen, Yixuan Wang, Yuelong Chen,
Yuqi Cheng, Yumeng Wei, Yunxiang Li, Ting-
Fung Chan, Yu Li. "Deep autoencoder for
interpretable tissue-adaptive deconvolution
and cell-type-specific gene analysis", Cold
Spring Harbor Laboratory, 2021

Publication

<1%

Exclude quotes On Exclude matches <5 words

Exclude bibliography On



