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A B S T R A C T

In the last decades, coronaviruses have been a major threat to public health worldwide. SARS-CoV-2 is the third
known coronavirus that causes fatal respiratory diseases in humans. The initial clinical features of SARS-CoV-2
infection are quite nonspecific and not all suspected patients can be tested to exclude or confirm the diagnosis.
Increasing scientific evidence has shown that abnormalities in routine laboratory tests, particularly hematolo-
gical tests, have the potential to indicate, in a quick, practical and economical way, the need for specific la-
boratory tests for the diagnosis of SARS-CoV-2 infection, besides assisting in the prognosis of the disease and in
the optimization of its clinical monitoring. In order to address in a simple and practical way the various aspects
related to SARS-CoV-2 infection, this review reports the history of the virus, the epidemiology and pathophy-
siology of COVID-19, with emphasis on its laboratory diagnosis, particularly in hematological changes found
during the course of the disease.

1. General aspects of SARS-CoV-2 infection

Coronaviruses (CoVs) are a large viruses group belonging to the
Coronaviridae family [1,2], presenting a single-stranded RNA genome
[3]. The genome is surrounded by a helical capsid and a lipoprotein
envelope containing several spicules of glycoprotein that together give
the virus a crown appearance. Hence comes the word “corona” which,
in Latin, means crown [4]. When infecting humans, CoVs can cause
diseases of varying severity, from upper respiratory tract infections si-
milar to a common cold, to liver, enteric, neurological diseases and
lower respiratory tract infections such as pneumonia, bronchitis and
severe acute respiratory syndrome (SARS) [1,3,5]. SARS can be caused
by the severe acute respiratory syndrome coronavirus (SARS-CoV) [6],
by the coronavirus of the Middle East respiratory syndrome (MERS-
CoV) [7], and recently by the coronavirus of severe acute respiratory
syndrome 2 (SARS-CoV-2) [8].

On December 31, 2019, the Wuhan Municipal Health Commission,
Hubei Province, China, reported the existence of 27 cases of patients
with pneumonia of unknown etiology, epidemiologically related to a
local wholesale market for wildlife and seafood [8]. After laboratory
investigations, on January 7, 2020, the causative agent of these infec-
tions was identified, considered a new CoV in 2019 and officially de-
signated by the World Health Organization (WHO) as 2019-nCoV [9].

Subsequently, the International Virus Taxonomy Committee renamed
2019-nCoV as SARS-CoV-2 [10,11].

SARS-CoV-2 was quickly transmitted among humans, spreading to
different countries around the world, threatening human life and gen-
erating many financial losses [4]. On January 30, 2020, WHO issued a
worldwide public health alert regarding the emergence of a new epi-
demic viral disease [12]. On February 11, 2020, WHO announced the
name for the epidemic disease caused by SARS-CoV-2: coronavirus
disease 2019 (COVID‐19) and declared, on March 11, 2020, a pandemic
state [13].

SARS-CoV-2 spread occurs by inhalation or ingestion of viral dro-
plets. Thus, the main sources of human infection are contact with any
contaminated surfaces (viral droplets can spread from one to two me-
ters and settle on surfaces) [14] or with the respiratory droplets of in-
fected people (e.g. through sneezing, coughing or physical contact).
SARS-CoV-2 infection can also occur by touching the nose, eyes or
mouth with hands contaminated with the virus [15]. A recent study
identified high SARS-CoV-2 RNA concentration in aerosols present in
bathroom areas of patients at two hospitals in Wuhan, dedicated to
COVID-19 cases, and in public areas prone to agglomeration, raising the
concern to evaluate the potential of transmission of this virus by
aerosols [16]. Therefore, the correct hand hygiene, use of personal
protective equipments and social isolation are very important strategies
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in combating the transmission of SARS-CoV-2 [15]. Quarantine mea-
sures should be established to restrict the movement of uninfected
people in regions where there is an epidemic outbreak and infected
people, who can act as spreading the virus agents as long as the
symptoms last until clinical recovery [14].

Currently, there is no proven antiviral treatment for COVID-19 [15]
and knowledge about SARS-CoV-2 is still scarce. Daily, reported cases
and deaths number increase considerably in numerous regions of the
planet. In this context, early diagnosis and infections prevention has
become one of the priorities for the control of this coronaviruses [17].

SARS-CoV-2 incubation period is up to two weeks, usually ranging
from three to seven days after infection. In most cases, SARS-CoV-2
infection is asymptomatic and, in that case, the individual will not need
medical assistance (up to 80%). However, asymptomatic patients are an
important source of spread of CoV, who, as they continue with their
normal daily activities, can spread the virus to those in contact [10,18].

In symptomatic cases, symptoms of COVID-19 are nonspecific [15]
and the clinical presentation is similar to SARS-CoV infection. The most
commonly reported symptoms are fever [19], dry cough, dyspnoea and
fatigue [15,17]. Non-respiratory symptoms (e.g. diarrhea, nausea, vo-
miting, headache and muscle pain) are usually uncommon [17].

It is known that in some people the infection can get worse, re-
quiring hospitalization and even referral to the intensive care unit (ICU)
[10,20]. In these cases, COVID-19 may progress to acute respiratory
distress syndrome, followed by septic shock, refractory metabolic
acidosis, coagulation dysfunction, multiple organ failure and, conse-
quently, death [15].

SARS-CoV-2 can cause serious clinical complications, especially in
elderly patients and in those with previous comorbidities, especially
diabetes [20]; cardio and cerebrovascular diseases [21,22]; obesity;
cancer and digestive, endocrine, nervous and respiratory systems
pathologies [23], constituting 50% to 75% of deaths [14]. Porcheddu
et al. (2020), when comparing mortality rates of SARS-CoV-2 patients
in China and Italy, they realized that in China most deaths occurred in
the age group above 50 years, while in Italy over 60 and in both
countries, comorbidities have been shown to be important contributors
to death [24].

2. Laboratory diagnosis

For COVID-19 laboratory diagnosis, to date (July/2020), tests used
are based on the following methods: real-time reverse transcription-
polymerase chain reaction (RT-PCR); serologic tests for SARS-CoV-2
(Anti-SARS-CoV-2 IgA, IgM and/or IgG), utilizing ELISA, chemilumi-
nescence or immunochromatography assays; in addition to SARS-CoV-2
antigen immunochromatographic test in upper respiratory tract speci-
mens [25–27].

The RT-PCR is the gold standard for SARS-CoV-2 detection and it is
the laboratory test of choice for the diagnosis of symptomatic patients
in the acute phase [28].

The diagnosis made by real time RT-PCR uses the RNA extracted
from samples of the respiratory tract, such as nasopharyngeal swab/
oropharyngeal, tracheal aspirate, sputum and bronchoalveolar lavage
[14,29,30]. It is important to note that the reliability of the results of
laboratory tests depends, among other factors, that the collection of
biological material be carried out at an infection stage allowing iden-
tification of the pathogen (as the viral load is usually higher in the first
week of the disease, RT-PCR should be performed, preferably, between
the 3rd and 5th day of symptoms onset); the biological sample is of
good quality, which must be maintained with proper handling and
transportation [31]. Wang et al. demonstrated, in a study with 1070
samples of 205 patients with COVID-19, that the sensitivity of the test is
32%, 63%, 72% and 93% in oropharyngeal swab, nasopharyngeal
swab, sputum and bronchoalveolar lavage [32].

The serological method is mainly adopted for retrospective diag-
nosis and its sensitivity is generally lower than that of the molecular

method. Serological tests are based on the detection of the specific
antibody (IgA, IgM and IgG) produced against SARS-CoV-2 or the an-
tigen of the virus [31]. Serology can be performed when the availability
of molecular tests is limited or if there are at least 14 days after the
onset of symptoms [30]. Less than 50% of patients with COVID-19 have
detectable antibodies in the serum before 7 to 10 days after the onset of
symptoms [33].

As the identification of SARS-CoV-2 infection has become a major
challenge in clinical practice, for social, financial, logistical and ana-
lytical reasons, the search for abnormalities in routine, low-cost and
suggestive (or pathognomonic) laboratory parameters is extremely
important to assist in confirming COVID-19 diagnosis. In this context,
we performed the present literature review on hematological and bio-
chemical changes in SARS-CoV-2 infection, whose knowledge by health
professionals could be useful in the management of the disease.

3. Hematological and biochemical abnormalities during SARS-
CoV-2 infection

It is known that in SARS-CoV-2 virus infections, as well as in other
infectious diseases such as influenza [34], varicella [35,36], dengue
[37–39], acquired human immunodeficiency virus (HIV) [40,41],
SARS-CoV [42–45] and MERS-CoV [46], hematological changes can
occur and often present, the potential to optimize the monitoring of
infectious process or to indicate the suspicion of their severity.

Laboratory abnormalities, particularly hematological changes,
allow checking the status of SARS-CoV-2 infection, since the hemato-
poietic system and hemostasis suffer significant impacts during the
evolution of COVID-19 [47].

The most common hematological findings include lymphocytopenia
[19,48–50], neutrophilia [23,51,52], eosinopenia [50,53,54], mild
thrombocytopenia [50] and, less frequently, thrombocytosis [48,55].
The presence of reactive lymphocytes has been reported only occa-
sionally [56]. The leukocyte count may be normal, reduced [19,50,57]
or increased [22,23,58]. According to a meta-analysis [59], leukocy-
tosis, lymphopenia and thrombocytopenia are associated with greater
severity and even fatality in COVID-19 cases. Main laboratory changes
in patients with an unfavorable evolution of SARS-CoV-2 infection are
shown in Fig. 1.

As already reviewed by Terpos et al. [60], such abnormalities have
been reported by several authors and are associated, in different parts
of the world, the need for ICU admission and SARS development. Still
according to these authors, during the first days of the disease, when
patients manifest non-specific symptoms, the leukocyte count and the
absolute value of lymphocytes are normal or slightly reduced. Poster-
iorly, around the 7th to the 14th day of infection, the disease begins to
affect organs with greater SARS-CoV-2 cell receptor expression, the
angiotensin-converting enzyme 2 (ACE2) [61], such as the lungs, heart
and gastrointestinal tract, with characteristic clinical symptoms and
expressive increase in the levels of inflammatory mediators and cyto-
kines [9]. At this disease stage, more expressive hematological changes
are highlighted, particularly a significant reduction in the lymphocytes
number. This finding was more evident in those who suffered death
compared to those who survived. The latter showed their nadir for
lymphocytopenia around the 7th day of symptoms, with subsequent
recovery [22].

Thus, on the basis of Terpos et al. [60], it is possible to admit that
the dynamics of the absolute lymphocyte count, that is, its serial count
may be predictive of the clinical outcome of patient. An analysis of the
literature revealed that among all the hematological abnormalities,
lymphocytopenia has been highlighted as the most frequent since ad-
mission to death [19,62–67]. From data based on the complete blood
count, it is possible to calculate ratios between its parameters, whose
interpretation has considerable clinical value. Thus, a decreased lym-
phocyte/leukocyte count ratio has already been reported indicating
severe disease and/or fatal outcomes [65,68]. Similarly, increased
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neutrophil/lymphocyte and neutrophil/platelets ratio may be in-
dicative of myocardial injury and increased mortality [69]. Therefore, it
is important to monitor the hematological parameters in order to try to
assess the progression and prognosis of COVID-19.

According Terpos et al. [60], possible explanations for significant
reduction in lymphocytes count include: (a) direct infection in these
cells, causing their lysis by SARS-CoV-2, since lymphocytes have ACE2
receptors on the surface; (b) possible lymphocyte apoptosis caused by
the systemic inflammatory process with consequent large cytokines
production; (c) atrophy of lymphoid organs, such as the spleen, im-
pairing lymphocyte turnover and (d) lactic acidosis inhibiting lym-
phocyte proliferation, which is more evident in cancer patients, a risk
group for COVID-19 complications.

Regarding the lymphocytes morphological aspect, as reported by
Fan et al. [56] and Chng et al. [70], in most patients with low lym-
phocyte count, these were shown to be reactive with lymphoplasmo-
cytoid characteristics. In addition to the lymphocytes morphological
abnormalities, Zini et al. [71], after blood film microscopic observation
of 40 patients with COVID-19 on admission, before administering an-
tiviral and anti-inflammatory treatment, observed the presence of
marked morphological abnormalities of the neutrophil lineage. These
changes have included presence of numerous dark and agglomerated
granulations (similar to toxic granulations) and peripheral basophilic
and agranular areas in the cytoplasm, and grossly grouped chromatin in
the nucleus; pseudo-Pelger-Huet neutrophils segmented or not; apop-
totic neutrophils; immature and dysplastic granulocytes, especially
small myelocytes and metamielocytes, as well as promyelocytes. Pla-
telet morphology also showed peculiar and frequent anomalies, con-
sisting mainly in the presence of giant platelets, usually hyperchro-
matic, vacuolized, with some showing pseudopods, not only in patients
with thrombocytosis but also in those with thrombocytopenia. The
authors have suggested that these abnormalities may indicate a severe,
transient and reversible myelopoiesis disorder, especially in accelerated
and disordered granulopoiesis, in patients with severe symptomatic
COVID-19. This disorder may be related to the cytokine “storm” and
hyperinflammation, that appear in the progression o COVID-19 pneu-
monia, possibly as secondary hemophagocytic lymphohistiocytosis,
leading to organ failure [68,71–73].

During the COVID-19 course, changes in hemostasis tests have also
been reported, such as prolonged prothrombin and activated partial
thromboplastin times and increased D-dimer levels. In cases of

worsening COVID-19, D-dimer levels become rised, with formation of
microthrombi in peripheral blood vessels and recurrent coagulation
disorders [57,74,75].

In a retrospective study of 183 patients with COVID-19 [76], pro-
thrombin time, D-dimer and the degradation products of fibrin/fi-
brinogen, measured at hospital admission, were higher in non-surviving
patients than in survivors, respectively. In those hospitalized late, an-
tithrombin activity (AT) and fibrinogen levels were significantly lower
in non-survivors, suggesting that conventional blood coagulation
parameters during the course of the disease may be associated with
prognosis.

Most of the patients who died had diagnostic criteria for dis-
seminated intravascular coagulation (DIC). Lippi e Plebani [77] stressed
that the evaluation of the hemostatic system by specific tests should
integrate the routine clinical monitoring of the patient with COVID-19,
in view of fulfillment of the laboratory criteria for the diagnosis of DIC
in nearly three quarters of patients who died.

Other laboratory abnormalities included increased erythrocyte se-
dimentation rate (ESR), increased levels of lactic dehydrogenase (LDH),
C-reactive protein (CRP) and muscle enzymes, in addition to changes in
cardiac, renal and liver functions, among others [75].

The following is a summary of some main studies carried out with
emphasis on the description of laboratory data obtained.

Huang et al. [57], in a study in Wuhan, China, reported the epide-
miological, clinical, laboratory and radiological characteristics, treat-
ment and clinical results of 41 patients infected with SARS-CoV-2. In
hospital admission, blood count showed leukopenia with leukocyte
count below 4 × 109/L [10 (25%) of 40 patients]; and lymphopenia
with a lymphocyte count lower than 1 × 109/L [26 (65%) of 40 pa-
tients]. Mean D-dimer values [2.4 mg/L (0.6–14.4)]; and prothrombin
time [12.2 s (11.2–13.4)] were higher in patients admitted to ICU
compared to those not admitted to ICU [0.5 mg/L (0.3–0.8)],
p = 0.0042 para D-dimer; 10.7 s (9.8–12.1), p = 0.012 for pro-
thrombin time). According to Salamanna et al. (2020), these laboratory
changes show an existing hypercoagulable state in critically ill patients
infected with SARS-CoV-2 infection, which could favor the formation of
microthrombi in different organs, mainly in the lungs. In pulmonary
microthrombosis, damage to endothelial cells leads to overactivation,
aggregation and retention of platelets in the injured regions, which can
reduce the number of megakaryocytes and, consequently, platelets, in
addition to increasing their consumption [78]. As reviewed by Frater

Fig. 1. Main laboratory changes in patients with an unfavorable evolution of SARS-CoV-2 infection.
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et al., 2020 [67], several critically-ill patients have been reported to
develop coagulopathy, antiphospholipid antibodies and increased ar-
terial and venous thrombotic events such as cerebral infarction. Ac-
cording the same authors, abnormal coagulation tests can be useful to
predict the severity of the disease, support therapy guidance and im-
prove patients' clinical outcome.

In addition, hypersensitive troponin I levels increased significantly
in five patients, in whom the diagnosis of virus-related cardiac injury
was made. Aspartate aminotransferase levels (AST) increased in 15
(37%) of 41 patients, including eight (62%) of 13 patients in ICU and
seven (25%) of 28 patients not admitted to ICU. Compared to patients
not admitted to ICU, those admitted to ICU had higher plasma levels of
interleukin (IL) 2, IL-7, IL-10, tumor necrosis factor alpha (TNF-α),
granulocyte colony stimulating factor (G-CSF), gamma interferon-in-
duced protein 10 (IP-10), type 1 monocyte chemoattractant protein
(MCP-1) and macrophage inflammatory protein-1 alpha (MIP-1α).
Similar results were found by Liu et al. [79], who reported that the
severity of COVID-19 can be predicted by lymphopenia, neutrophilia,
hypoalbuminemia, high levels of LDH and CRP. In addition, when
compared to healthy controls, plasma levels of angiotensin II in patients
infected with SARS-CoV-2 were significantly higher and strongly asso-
ciated with lung injury and viral load. According Jin et al. [75], it is
necessary to pay close attention to patient with an absolute lymphocyte
value less than 0.8 × 109/L or a significant reduction in the number of
CD4 and CD8 T cells, being recommend to evaluate the hematological
alterations again after three days. Main laboratory changes, especially
hematological ones, related to the diagnosis and/or prognosis of SARS-
CoV infection are shown in Table 1.

Guan et al. [19] extracted data from COVID-19 patients (N = 1099)
in 552 hospitals, in 30 provinces, autonomous regions and munici-
palities in China. Upon admission, the disease was classified as severe in
173 patients and non severe in 926 patients. The first group had major
laboratory abnormalities, such as lymphopenia and leukopenia than
those with non severe disease. Of these patients, 83.2% had lympho-
penia; 36.2% thrombocytopenia; 33.7% leukopenia and most of them
had high levels of CRP. In a retrospective cohort study [22], with 191
patients at Jinyintan Hospital and Wuhan Pulmonary Hospital, China,
lymphopenia occurred in 40% of these patients, in addition to

leukocytosis, increased LDH, ALT, highly sensitive cardiac troponin I,
serum ferritin, creatine kinase (CK), D-dimer, prothrombin time, crea-
tinine, IL-6 and procalcitonin, whose parameters were shown to be
associated with hospital death. D-dimer levels above 1 µg/mL at ad-
mission were associated with a greater chance of death. Lymphocyte
count was significantly higher in surviving patients than in non survi-
vors. It is noteworthy that in survivors, the lymphocyte count was lower
on the 7th day after onset of the disease and improved during hospi-
talization, while severe lymphopenia was observed until death in non
survivors. D-dimer levels, high sensitivity cardiac troponin I, LDH, IL-6
and ferritin were higher in non survivors compared to survivors and
increased with disease progression. Thus, the levels of D-Dimer and
highly sensitive cardiac troponin may indicate a greater or lesser risk of
death for patients with SARS-CoV-2 infection [80]. Furthermore, lym-
phopenia seems to be one of the most relevant hematological ab-
normalities in COVID-19, its use being suggested as a severity bio-
marker of this infection [81].

For both groups, survivors and non survivors, LDH increased at the
beginning of COVID-19, but decreased from day 13 in those who sur-
vived. Lippi and Plebani [77] stated that on hospital admission of pa-
tients with SARS-CoV-2 infection, procalcitonin does not appear to be
significantly altered, however, its progressive increase may suggest a
worse prognosis. They have also suggested that the measurement of
other biomarkers, such as presepsin, would probably help to increase
the accuracy in the identification of serious cases of COVID-19 and
would improve the current approach to predict the risk of mortality.
Wang et al. [58] conducted a retrospective study with hospitalized
patients with SARS-CoV-2 infection (N = 138) at Zhongnan Hospital,
Wuhan University, China. When comparing the laboratory character-
istics of patients admitted to ICU with those not admitted, several sig-
nificant differences were identified, such as a higher leukocyte and
neutrophil count, and elevated levels of D-Dimer, CK, urea, creatinine,
hypersensitive troponin I, procalcitonin, LDH, AST, ALT and total bi-
lirubin in the first group. In addition, it was found that during hospi-
talization, most patients had marked lymphopenia and in non survivors
lymphopenia worsened over time. Leukocyte and neutrophil counts,
and D-Dimer levels were higher in non survivors than in survivors,
findings similar to those identified by Zhou el al. [22]. With COVID-19

Table 1
Main laboratory abnormalities related to diagnosis and/or prognosis of SARS-CoV-2 infection.

Laboratory parameters Abnormalities References

Lymphocytes Reduction Chan et al., 2020; Chen et al., 2020; Guan et al., 2020; Huang et al., 2020; Liu et al., 2020; Wang et al. 2020; Zhou et al., 2020;
Young et al., 2020; Sun et al., 2020

Platelets Reduction Chan et al., 2020; Chen et al., 2020; Guan et al., 2020
Increase Ruan et al., 2020; Lippi et al., 2020

Neutrophils Increase Chen et al., 2020; Wang et al. 2020
Reduction Liu et al., 2020

Eosinophils Reduction Sun et al, 2020; Zhang et al, 2020; Liu et al., 2020.
Leukocytes Reduction Guan et al., 2020; Huang et al., 2020

Increase Chen et al., 2020; Wang et al., 2020; Zhou et al., 2020
C-reactive protein(CRP) Increase Chan et al., 2020; Chen et al., 2020; Guan et al., 2020; Liu et al., 2020; Ruan et al., 2020; Young et al., 2020
Ferritin Increase Chen et al., 2020; Zhou et al., 2020
Procalcitonin Increase Chen et al., 2020; Wang et al. 2020; Zhou et al., 2020
Lactate dehydrogenase (LDH) Increase Chan et al., 2020; Chen et al., 2020; Liu et al., 2020; Wang et al. 2020; Zhou et al., 2020
D-dimer Increase Chen et al., 2020; Huang et al., 2020; Tang et al., 2020; Wang et al. 2020; Zhou et al., 2020
Hemoglobin (Hb) Reduction CHEN et al., 2020
Troponin Increase Huang et al., 2020; Ruan et al., 2020; Wang et al. 2020; Zhou et al., 2020
Myoglobin Increase Ruan et al., 2020
Angiotensin II Increase Liu et al., 2020
Cytokines Increase Fu et al., 2020; Huang et al., 2020; Ruan et al., 2020; Zhou et al., 2020
Prothrombin time Increase Huang et al., 2020; Tang et al., 2020; Zhou et al., 2020
Aspartate aminotransferase (AST) Increase Chen et al., 2020; Huang et al., 2020; Wang et al. 2020
Alanine aminotransferase (ALT) Increase Chen et al., 2020; Wang et al. 2020; Zhou et al., 2020
Total bilirubin Increase Wang et al., 2020
Creatinine Increase Wang et al., 2020; Zhou et al., 2020
Albuin Reduction Liu et al., 2020
Creatine kinase (CK) Increase Wang et al., 2020; Zhou et al., 2020
Urea Increase Wang et al. 2020
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evolution and the worsening of clinical condition, the urea and crea-
tinine levels increased progressively until death. These changes suggest,
according to the researchers, that SARS-CoV-2 infection may be related
to coagulation activation, cellular immune deficiency, and myo-
cardium, liver and kidneys lesions.

Regarding the platelet changes observed during the course of
COVID-19, a possible mechanism for abnormal thrombopoiesis related
to SARS-CoV-2 infection has been proposed by Yang et al. [45]. Ac-
cording to these researchers, CoV can directly infect bone marrow he-
matopoietic and stromal cells, inducing cell growth inhibition and
apoptosis; in addition to stimulating a low-grade DIC state, as evi-
denced by prolonged clotting times and increased D-Dimer levels. These
findings explain thrombocytopenia possibly aggravated by consump-
tion, and may cause immune damage to blood cells, inducing the
synthesis of immune complexes and auto antibodies. Thrombopoiesis
can occur in the lungs, where platelets are released from mature
megakaryocytes. Thus, it is speculated that in the damaged lung tissue
there is an increase in the consumption of platelets (e.g. due to platelet
aggregation or thrombus formation) [82] and thrombopoiesis reduc-
tion. Finally, these authors reinforce that the elucidation of the me-
chanisms of how CoV enters blood cells is important to better under-
stand SARS pathogenesis and for pharmacological therapies
development.

It is worth mentioning that future researches allowing to know other
hematological and biochemical abnormalities during the infection by
SARS-CoV-2 are of great importance for a better understanding of the
pathogenesis of COVID-19, its clinical evolution and monitoring. Based
on the clinical events described so far in patients with the severe form
of the disease, studies focusing on the effects of SARS-CoV-2 infection
on endothelial cells and their interactions with platelets may bring new
insights. Likewise, investigating the degree of hyperactivation of both
platelets and coagulation, at different stages of the disease, could add
value to the existing knowledge about hemostatic changes that often
result in thrombotic complications and worsening of the patient’s
clinical condition. Platelet indices such as MPV, PDW and immature
platelet fraction, are some examples of markers that deserve to be
further explored, given the ease of obtaining in modern blood cell
analyzers, at no additional cost. Studies using complementary meth-
odologies, such as flow cytometry to evaluate platelet microparticles (in
addition to endothelial, monocytic and lymphocyte microparticles) and
fluorimetry to measure the endogen thrombin potential (ETP) may also
be promising. In view of the coagulopathy evidenced in the most severe
cases of COVID-19, thrombin generation assays (TGA) could be an
useful tool, as they are able to estimate both phenotypes, that is, hyper
and hypocoagulability [83,84]. Evaluation of the potential of thrombin
generation (CAT method) deserve to be explored in new experimental
studies, given the state of hypercoagulability described in patients with
COVID-19. We are not aware of studies on COVID-19 using TGA to
assess patients' hemostatic status. Although TGA is not yet an ade-
quately standardized and validated technique for clinical use, it is
possible that its use in research can bring important information about
hemostatic abnormalities at different stages of the disease.

As mentioned before, it is necessary to monitor the COVID-19
course through laboratory tests as a prognostic tool and guidance to the
medical team. Using a combination of clinical and laboratory data and
sophisticated statistical methodologies and machine learning, it is
suggested that substantial efforts be made to develop an index or al-
gorithm with good prognostic accuracy for patients with this disease.
Statistical and machine learning models with high predictive power and
consistency with the reality known and accepted by medical specialists
in relation to SARS-CoV-2 infection would be extremely welcome in the
current pandemic scenario that may continue for a time not yet pre-
dictable. We believe that a tool with such characteristics would have a
potential value in clinical practice, considering its efficiency, the ease
and speed in obtaining laboratory data, in addition to its low cost.

Finally, in the light of reports in the literature about the importance

of the blood group in the clinical manifestations of COVID-19 [85], we
also suggest that the ABO blood group be incorporated into the variety
of tests requested. This recommendation is based on studies by Ellin-
ghaus et al., 2020 [85], whose authors have reported the involvement
of ABO blood groups in susceptibility to COVID-19. According to the
same authors, blood group “O” is associated with a lower risk of in-
fection by SARS-CoV-2 compared to non O blood groups, while blood
group A was associated with a greater risk than those non A.

4. Concluding remarks

Since December 2019, the SARS-CoV-2 was rapidly spreading
among humans and it became a pandemic. Currently, scientific
knowledge about the SARS-CoV-2 origin, virulence and spread is still
not well established, which corroborates the existence of several gaps,
ranging from the understanding of COVID-19 pathophysiology to the
discovery of an effective antiviral drug therapy and a vaccine.

SARS-CoV-2 infection identification has become a major challenge
in clinical practice, as it presents clinical manifestations that are con-
fused with a simple cold or flu, and the difficulty of performing RT-PCR
(gold standard), as well as serological tests. Thus, a large number of
suspected individual samples are awaiting diagnosis, which is funda-
mental for adoption of adequate measures of isolation, treatment and
others. Therefore, the search for hematological, biochemical or other
suggestive laboratory parameters is extremely welcome in this scenario
in which SARS-CoV-2 infection is spreading with enormous speed
around the world and the availability of specific tests is still quite
limited.

According to the literature available at the time on SARS-CoV-2
infection, there is scientific evidence of major laboratory changes re-
flecting systemic inflammation and impairment that spans, to a lesser or
greater extent the renal, hepatic, cardiac, immune, hemostatic, bone
marrow, and peripheral blood systems, among others. For example,
among the hematological parameters, lymphopenia can be used to
discriminate patients at risk for SARS.

Available data suggest that several hematological parameters may
change in the course of SARS-CoV-2 infection and that some of them
can be considered significant predictors of unfavorable clinical out-
comes, such as admission to ICU or even death. Given the above, the
present literature review may be relevant, not only to disseminate what
is already known, but it may also serve as a valuable base for future
investigations. The search for routine hematological and biochemical
variables and others that may assist in the clinical diagnosis of patients
suspected of being infected with SARS-CoV-2, or that can predict the
severity of the disease or even serve for its monitoring is highly desir-
able at a time of great challenge imposed by the pandemic.

However, this literature review article has some limitations.
Because COVID-19 is a very recent pandemic, several studies of patients
infected with SARS-CoV-2 are still being carried out or are awaiting to
be published. Furthermore, this review focused on studies practically
from the same region, due to the fact that the first patients diagnosed
with SARS-CoV-2 infection were in China.

Finally, still in the laboratory context, it is essential that good
clinical laboratory and biosafety practices prevail and that the patient
be the center of attention. Additional training of laboratory personnel
responsible for collecting, transporting and handling biological samples
and carrying out the various laboratory tests for patients with COVID-
19 is recommended. Training for new demands and development of
skills in data interpretation are also required, as well as cooperation and
collaboration among laboratory professionals. In today's challenging
times, more than ever, the clinical laboratory needs to be patient-cen-
tered and with qualified leadership to be safe, efficient, effective and
timely.
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