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Abstract. Introduction: According to the World Health Organization (WHO), COVID-19 has 

become a Public Health Emergency of International Concern (PHEIC). Understanding patients' 

hematologic findings in SARS-CoV-2 infection is essential to doing their prognosis, so adjusting 

care and improving outcomes. 

Objective: In this review, we aim at summarizing changes in the hematopoietic system and 

hemostasis that occur in SARS-CoV-2 infected patients. 

Findings: COVID-19 infection is often associated with laboratory hematologic features that can 

have important clinical implications. Careful revision of baseline hematologic data at diagnosis 

can predict the severity of illness and help clinicians tailoring the approach and management of 

patients whose condition can be guarded or critical.  The levels of hematologic markers like D-

dimer, procalcitonin, C-reactive protein, viral load, inflammatory cytokines, differential blood 

cell count, and peripheral smear are fundamental for the prognosis. Studies have also shown an 

association between some of these markers and severe COVID-19 infection requiring admission 

to the intensive care unit or complicated by acute respiratory distress syndrome (ARDS).  Since, 

so far, a vaccine is not available, prevention of the infection is based on the avoiding people 

affected and the spreading of the virus; the treatment, in the absence of an effective antiviral 

agent, is symptomatic, and, in addition to oxygen support, finds in the anti-inflammatory drugs 

and anticoagulation fundamental therapeutic lines. According to the American Society of 

Hematology (ASH), all hospitalized patients with COVID-19 should receive pharmacologic 

thromboprophylaxis with LMWH.  
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Introduction. Severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2), causing COVID-19 

infection, has emerged rapidly to involve more than 32 

million individuals worldwide. According to the World 

Health Organization (WHO), COVID-19 has become a 

Public Health Emergency of International Concern 

(PHEIC).
1
 COVID-19 infection consists of a broad 

spectrum of clinical manifestations, ranging from fever, 

cough, and dyspnea to severe pneumonia, sepsis, and 

disturbed blood gas levels.
2
 While SARS-CoV-2 is 

considered a respiratory virus, data has shown that the 

COVID-19 is a systemic infection that involves various 

systems, including cardiovascular, gastrointestinal, 

respiratory, nervous, hematopoietic, and immune 

systems. As a result, not only patients with underlying 

lung disease are at risk for severe COVID-19 infection, 

but also SARS-CoV-2 can affect young, healthy 

individuals with potentially lethal complications, such 

as disseminated intravascular coagulopathy, 

myocarditis, venous thrombo-embolism, and severe 
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Figure 1. Hematologic findings in COVID-19 patients. 

 

lymphopenia.
3-6

 Understanding the hematologic 

findings of patients with COVID-19 infection is 

essential to promote their care and improve outcomes. 

Figure 1 summarizes the major hematologic findings in 

patients with COVID-19. In this review, we aim at 

summarizing changes in the hematopoietic system and 

hemostasis that occur in COVID-19 infected patients. 

 

Manifestations through the Complete Blood Count 

Test. The complete blood count (CBC) during the 

SARS-CoV-2 incubation period, lasting until 14 days,  

is usually normal. Around one to two weeks following 

the onset of clinical symptoms of patients with 

COVID-19 infection, lymphopenia can become evident. 

In a large study from China, including 1099 COVID-19 

patients, most had lymphopenia (83.2%), and 

thrombocytopenia and leukopenia were present in 

26.2% and 33.7% of patients, respectively.
7
 Studies 

have also shown an association between lymphopenia 

and severe COVID-19 infection, requiring admission to 

the intensive care unit or complicated by acute 

respiratory distress syndrome (ARDS).  

In a retrospective cohort study in China, Wu et al. 

investigated the clinical characteristics associated with 

ARDS development and mortality. Increased 

neutrophils and decreased lymphocytes were associated 

with greater mortality rates for COVID-19 patients. In 

bivariate Cox regression analysis, risk factors 

associated with ARDS development and progression 

from ARDS to death included neutrophilia (HR, 1.14; 

95% CI, 1.09-1.19; and HR, 1.08; 95% CI, 1.01-1.17, 

respectively). Compared to patients without ARDS, 

patients with ARDS had significantly decreased 

lymphocyte counts (difference, −0.34 ×10
9
/mL; 95% 

CI, −0.47 to −0.22 ×10
9
/mL; P < .001).

5,8
 Interestingly, 

a predominance of lymphoplasmacytoid-lymphocytes 

was reported in COVID-19 infected patients. Bain et al. 

reported the case of a COVID-19 patient whose blood 

film revealed atypical reactive lymphocytes. Among 

these lymphocytes were prominent 

lymphoplasmacytoid-lymphocytes with an eccentric 

nucleus and a basophilic cytoplasm.
9
 Zini et al. also 

found abnormal neutrophils with a pseudo-Pelger-like 

nucleus and giant vacuolated platelets.
10

 

A variety of factors can contribute to the 

pathogenesis of CBC changes, particularly of the 

observed lymphopenia. SARS-CoV-2, which affects 

tissues that express angiotensin-converting enzyme 2 

(ACE-2), namely the respiratory, cardiac, and 

gastrointestinal systems, has a predilection to 

lymphocytes, which express ACE-2 over their surface. 

Infection of these cells by SARS-CoV-2 results in cell 

lysis. COVID-19 infection is also characterized by a 

pronounced surge in inflammatory markers, including 

interleukins (IL) and tumor necrosis factor (TNF)-

alpha. This peak in inflammatory markers, referred to 

as "cytokine storm", is manifested by markedly 

increased serum levels of IL-2, IL-6, IL-7, granulocyte 

colony-stimulating factor, and TNF-alpha. The 

cytokine storm contributes to the lymphoid system's 

apoptosis and reactive atrophy, promoting 

lymphopenia.
3-5

 

COVID-19 cytokine storm has introduced a new 

entity to the spectrum of cytokine release syndrome 
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(CRS). CRS can be associated with influenza infection, 

severe acute respiratory syndrome (SARS), 

autoimmune diseases, and hematologic conditions like 

hemophagocytic lymphohistiocytosis (HLH). The 

overlap in clinical and biochemical features between 

COVID-19 cytokine storm and cytokine release 

syndromes associated with other conditions may allow 

for more insight into the immune dysregulation in 

COVID-19 cytokine storm enhancing options for 

therapeutic intervention. Like other hematologic 

conditions, namely HLH, post-CART cell therapy, and 

idiopathic multicentric Castleman disease, COVID-

CRS is manifested by fever and multi-organ 

dysfunction. COVID-CRS is also associated with 

thrombosis and a hypercoagulable state, similar to 

HLH, and with hypotension, tachycardia, and hypoxia, 

similar to post-CART cell therapy CRS.
11

 

Moreover, IL-6 can be markedly elevated, even 

exceeding 10000 pg/ml, similar to post-CART cell 

therapy CRS. Determining if COVID-19  shows a 

marked increase in IL-6 level at the CART cell therapy 

CRS range is essential in managing critical patients 

with COVID-19. High IL-6 level has mortality 

implications and has been the primary endpoint of 

several ongoing clinical trials. In a case series of 5 

patients with severe COVID-CRS, Hoiland et al. 

conducted a preliminary evaluation of tocilizumab on 

inflammatory cytokines, including IL-1β, IL-6, IL-10, 

and tumor necrosis factor-alpha (TNF-α). All patients 

had markedly increased peak serum IL-6 levels. This 

case series provides evidence that patients with severe 

COVID-19 may exhibit hypercytokinemia at ranges 

similar to CAR-T CRS. The reduction in serum 

inflammatory markers following tocilizumab 

administration correlates with improved clinical 

parameters.
12

 

 

COVID-19 and Vascular Endothelial Dysfunction. 

In addition to lymphocytes and lung tissue, 

angiotensin-converting enzyme 2 (ACE-2) is expressed 

in endothelial cells, explaining the virus's presence in 

endothelium and the clinical events observed in 

COVID-19, such as high blood pressure, thrombosis, 

and pulmonary embolism. Endothelial damage is a 

fundamental mechanism in this disease due to the viral 

infection and is of particular relevance in patients with 

previous vasculopathy, like people with diabetes or 

hypertension. The rate of hypertension among COVID-

19 patients has been reported to reach up to 30%. Also, 

60% of hypertensive patients with COVID-19 infection 

were likely to be admitted to ICU, which supports the 

hypothesis that hypertension can be common 

comorbidity and cause of ICU admission in this patient 

population.
13-15

 In addition to hypertension, diabetes is 

another comorbidity that is related to COVID-19 and 

endothelial dysfunction. Interestingly, fasting blood 

sugar level (FPG), other than sound diabetes,  was 

independently associated with an increased hazard ratio 

of mortality and hypoxia in COVID-19 patients after 

controlling for age and gender. A glucose level above 

or equal to 7 mmol/l was an independent predictor of 

death in these patients.
13

 

Not only endothelial dysfunction in the setting of 

comorbidities, including hypertension and diabetes, 

correlates to poor outcome in COVID-19 patients, but 

also vascular occlusion in the pulmonary and systemic 

circulation contributes. The strong relationship 

between inflammation and COVID-19 was further 

supported by a series of 7 lung autopsies from patients 

who died from COVID-19. They showed distinctive 

vascular features with the presence of endothelial 

injury, intracellular virus, and disrupted cell 

membranes. Pulmonary vessels showed diffuse 

thrombosis and microangiopathy.
16

 

In a single-center cross-sectional study by Goshua 

et al., markers of endothelial cell dysfunction and 

platelet activation, including VWF antigen and soluble 

P-selectin, were significantly more elevated in ICU 

patients than non-ICU patients. Mortality was 

significantly associated with VWF antigen and soluble 

thrombomodulin among all 68 patients.
17

 Moreover, 

Morici et al. tested ADAMTS-13 levels in plasma from 

six patients admitted to the intensive care unit. Five of 

the six tested patients had plasma ADAMTS-13 levels 

lower than 45%, the lower limit of the normal range, 

possibly preventing the effective cleavage of VWF 

multimers, which favors the formation of local 

thrombin.
18

 These data were further supported by Blasi 

et al., who showed that COVID-19 patients had high 

von Willebrand factor levels and low ADAMTS13 

activity.
19

 Interestingly, patients who died had 

significantly lower levels of ADAMTS-13 and higher 

levels of von Willebrand factor (vWF).
20,21

 

 

COVID-19 and Risk of Coagulopathy. Strictly 

connected with the endothelial damage is the 

coagulopathy due to activation of the coagulative 

cascade, which can favor arterial and venous 

thrombosis, and, at last, bring about disseminated 

intravascular coagulation (DIC).
21,22

 

Tang et al. retrospectively analyzed coagulation 

results and outcomes of 183 consecutive patients with 

confirmed severe novel coronavirus pneumonia in 

Tongji hospital, finding that the overall mortality was 

11.5%. The non-survivors had significantly higher D-

dimer and fibrin degradation product (FDP) levels, 

longer prothrombin time, and activated partial 

thromboplastin time compared to survivors on 

admission (P < .05); 71.4% of non-survivors and 0.6% 

survivors met the criteria of disseminated intravascular 

coagulation during their hospital stay.
22

 The DIC 

present in the COVID-19 has the particularity not to be 
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followed by hyperfibrinolysis but by reduced 

fibrinolysis,
23,24

 and the spectacularly raised D-dimer 

levels may signify the fibrinolytic system's failing 

attempt to remove fibrin and necrotic tissue from the 

lung parenchyma.
23

 Therefore, the use of fibrinolytic 

compounds have been suggested for COVID-19 

ARDS.
24

 

Moreover, Tang et al.,  utilizing SIC score (Sepsi 

induced coagulopathy of  International Society of 

Thrombosis and Haemostasis) to identify an earlier 

phase of sepsis-associated DIC,  found that only the 

patients whose SIC score was ≥4 when treated with 

heparin had a lower mortality rate 40.0% as compared 

to 64.2% for patients not treated with heparin 

(P=0.029).  This was not the case for patients with SIC 

score <4 (29.0% vs 22.6%, P=0.419).
25

  In any case, 

the coagulopathy present in COVID-19 remains mostly 

a thrombotic coagulopathy. 

Several case reports have been published about 

COVID-19 associated with venous thromboembolism 

(VTE), including deep venous thrombosis with 

pulmonary embolism.
26,27

 Among 81 patients with 

severe COVID-19 infection and admitted to ICU, Ciu 

et al. reported a 25% incidence of VTE. 40% of these 

patients who had VTE died. Interestingly, elevated 

levels of D-dimer above 1.5 μg/ml (normal range: 0.0-

0.5 μg/ml) predicted VTE incidence with a sensitivity 

of 85.0%, a specificity of 88.5%, and a negative 

predictive value (NPV) of 94.7%.
28

 

D-dimer has gained attention in COVID-19 

infection as a predictor for ARDS, risk for admission to 

the intensive care unit (ICU), and death risk. In a 

multivariate analysis from a retrospective study by 

Tang et al., D-dimer was positively correlated with 28-

day mortality.
24

 In another retrospective study by 

Zheng et al., including  99 hospitalized COVID-19 

patients, critically ill patients had significantly greater 

D-dimer levels with a p-value of <0.001 compared to 

non-critically ill patients. A D-dimer level greater than 

2.6 μg/ml was clinically manifested by critical illness.
24

 

Liu et al. reported a significant difference in D-dimer 

levels between patients with mild and severe COVID-

19 infection among a population of 76 patients 

(p=0.007).
29

 Measuring the D-dimer level in COVID-

19 patients can help predict the severity of the disease, 

their risk of requiring admission to ICU, and the risk of 

mortality. All these data suggest anticoagulants' active 

application, such as heparin, as recommended by 

China's first experience.
25

 Although these data have not 

yet been validated by a perspectival study, according to 

the American Society of Hematology (ASH), all 

hospitalized patients with COVID-19 should receive 

pharmacologic thromboprophylaxis with LMWH, 

acknowledging the lack of quality published evidence 

regarding the appropriate dosage. Many institutional 

protocols have adopted an intermediate-intensity 

consisting of the usual LMWH dose twice daily or 

even a therapeutic-intensity dose strategy for 

thromboprophylaxis based on local experience. The 

ASH recommends participation in clinical trials and 

studies on thromboprophylaxis for COVID-19 patients 

when available. After discharge, the decision for 

thromboprophylaxis should consider the patient's 

venous thromboembolism risk factors, the bleeding risk, 

and reduced mobility, in addition to feasibility.
29

 

Furthermore, the possible association between D-

dimer and venous thromboembolism indicates that D-

dimer level-guided aggressive thromboprophylaxis 

regimens using higher doses of heparin may be 

warranted. In fact, in a retrospective French cohort 

study by Artifoni et al., of 71 non-ICU COVID-19 

patients, 16 developed venous thromboembolism 

(22.5%) and seven pulmonary embolism (10%) despite 

adequate thromboprophylaxis.
31 

It was recommended 

that hospitalized COVID-19 patients be generally 

treated with higher Low Molecular Weight Heparin 

(LMWH) doses than recommended for 

thromboprophylaxis.
30-33

 Suggested doses included 

higher than prophylaxis dose up to full anticoagulant 

doses of LMWH or unfractionated heparin. Cassini et 

al. published a proposed set of recommendations for 

pharmacological thromboprophylaxis in COVID-19 

patients in the acute setting. They recommend that all 

in-hospital COVID-19 patients should receive 

pharmacological thromboprophylaxis according to a 

risk stratification score, unless contraindicated.
34

 This 

use of LMWH was challenged by a Cattaneo et al., 

who questioned whether the observed pulmonary 

vessel occlusions described in reports on COVID-19 

patients are exclusively caused by pulmonary 

embolism or somewhat reminiscent of pulmonary 

thrombi as they are not fully occlusive.
35

 

 

Testing for Systemic Markers of Inflammation and 

Infection. Hyperinflammation plays a fundamental 

role in determining the main pathological feature of 

COVI-19. Lung injury is inflammation-mediated and 

induces progression to respiratory failure and death.
4
 

The importance of inflammation in lung disease had 

been demonstrated previously in SARS-CoV-1 

infection; lung tissue biopsy from patients infected 

showed  SARS is associated with epithelial cell 

proliferation and an increase in macrophages in the 

lung.
36

 The presence of haemophagocytosis supports 

the contention that cytokine dysregulation may account, 

at least partly, for the severity of the clinical disease. 

An increase in inflammatory cytokines was found in 

SARS-CoV-1 and MERS, suggesting the occurrence of 

cytokines storm, responsible for lung disease.
37,38

 

Similarly, in a retrospective study by Liu et al. 

showed a significant difference in IL-2R, IL-6, and IL-

8 levels between patients with mild and severe 
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COVID-19 infection (p = 0.022, 0.026, and 0.012, 

respectively).
39

 

In a prospective study by Laguna-Goya et al., a 

cohort of 611 adult patients in whom COVID-19 was 

diagnosed between March 10 and April 12, 2020, in 

Madrid, Spain, in a tertiary hospital was analyzed.
40

 

High IL-6 level, C-reactive protein level, lactate 

dehydrogenase (LDH) level, ferritin level, D-dimer 

level, neutrophil count, and neutrophil-to-lymphocyte 

ratio were all predictive of mortality, with an area 

under the curve that was greater than 0.70, as were low 

albumin level, lymphocyte count, monocyte count, and 

the ratio of peripheral blood oxygen saturation to the 

fraction of inspired oxygen (SpO2/FiO2). The authors 

developed a multivariate mortality risk model that 

showed high accuracy of predicting fatal outcome with 

an area under the curve of 0.94. This risk model 

consisted of SpO2/FiO2 ratio, neutrophil-to-

lymphocyte ratio, LDH level, IL-6 level, and age.
41

 

Similarly, a study by Herold et al. analyzing data from 

89 patients aimed at validating biomarkers that allow 

identification of patients with an impending need for 

mechanical ventilation. The strongest association with 

the need for mechanical ventilation was maximal IL-6 

levels before intubation followed by maximal CRP 

levels, with the area under the curve of 0.97 and 0.86, 

respectively. These can be used as a guide for 

escalation of management when treating patients with 

COVID-CRS.
42

 

A recent meta-analysis by Lagunas-Rangel et al. 

investigated whether the IL-6/IFN-γ ratio can have a 

predictive value to rate the clinical severity in patients 

with COVID-19. Patients with severe COVID-19 

disease had a significantly increased IL-6/IFN-γ ratio 

with a standardized mean difference of 0.739 (95% CI 

= 0.131-1.383).
43

 Pro-inflammatory cytokines can have 

an important clinical significance not only in 

identifying patients who are at risk for severe disease 

but also in management itself.  Xu et al. reported the 

effective treatment of severe COVID-19 infections 

with tocilizumab, a humanized monoclonal antibody 

against IL-6. All 20 patients have been analyzed IL-6 

expression levels before tocilizumab with a mean of 

132.38  pg/ml, showing IL-6 upregulation in these 

severe and critical COVID-19 patients. This treatment 

provided a new strategy for severe COVID-19 disease 

and reflected the role of pro-inflammatory markers in 

disease severity..
43

 The classical steroid treatment of 

hyper inflammation conditions had been initially 

excluded in the fearing of favoring viral spreading. 

However, in the last few months, some important 

articles have demonstrated its efficacy,
44-46

 and in 

a  prospective meta-analysis of clinical trials of 

critically ill patients with COVID-19, administration of 

systemic corticosteroids, compared with usual care or 

placebo, was associated with lower 28-day all-cause 

mortality.
47

 

Of course, bacterial superinfection has a significant 

role in worsening virus pneumonitis and also the virus 

SARS-Cov-, so knowing the behavior of the typical t 

marker of bacterial infection could be useful.  

Procalcitonin seems to play an essential prognostic role 

in patients with severe coronavirus infection. A study 

by Hu et al. that included 95 patients with COVID-19 

showed that the mean serum levels of procalcitonin in 

patients with severe infection were over four times 

higher than those with moderate infection, and levels 

were over eight times higher in those with a critical 

condition as compared to patients with moderate 

infection.
48

 This datum merits an interpretation, being 

well known that calcitonin does not increase during 

viral infection. 

During bacterial infections, procalcitonin 

production is amplified and sustained by increased 

production of IL-1β, TNF-α, and IL-6. On the other 

hand, its production is downregulated by INF-γ, which 

increases in viral infections. As such, procalcitonin 

level would be expected to be within the normal range 

in patients with non-complicated SARS-CoV-2 

infection, whereas patients with superimposed bacterial 

co-infection and thus developing a severe infection are 

more likely to have an elevated procalcitonin level.
49

 A 

meta-analysis by Lippi et al. suggested that serial 

procalcitonin measurement can predict evolution 

towards a more severe form of infection. Increased 

procalcitonin values were associated with a nearly 5-

fold higher risk of severe infection (OR = 4.76; 95% 

CI: 2.74-8.29).
49

 

In addition to procalcitonin, C-reactive protein also 

plays an important predictive role in COVID-19 

infection.  In a retrospective study by Liu et al., among 

140 patients diagnosed with COVID-19, the proportion 

of patients with increased C-reactive protein, IL-6, and 

procalcitonin was significantly higher in patients with 

severe COVID-19 infection as compared to those with 

mild disease.
50

 In a meta-analysis by Zhu et al. 

including 38 studies of 3062 patients, elevated C-

reactive protein was observed in 73.6% of patients and 

elevated procalcitonin levels in 17.5% of patients.
51

  

Parallel to this paper, Zhang et al., in a study including 

140 patients from Wuhan,  showed that significantly 

higher levels of C-reactive protein, D-dimer, and 

procalcitonin were associated with severe COVID-19 

infection compared to patients with non-severe 

infection with a p-value less than 0.001.
52

 

Apart from pro-inflammatory cytokines, 

procalcitonin, and C-reactive protein, ferritin has also 

been considered a possible predictive marker of severe 

COVID-19. Serum ferritin level has been utilized by 

clinicians as part of a panel to assess iron stores. 

However, serum ferritin is also increased in response to 

infections, inflammation, and malignancy and is 
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generally accepted as an acute phase reactant similar to 

C-reactive protein.
53

 In a retrospective study by Chen 

et al., the clinical and immunological characteristics 

were studied for 21 COVID-19 patients. Compared to 

moderate cases, severe cases more frequently had 

higher levels of ferritin. 

Besides, these severe cases were more likely to have 

dyspnea, lymphopenia, and hypoalbuminemia, higher 

levels of alanine aminotransferase, lactate 

dehydrogenase, C-reactive protein, and D-dimer, and 

markedly higher levels of IL-2R, IL-6, IL-10, and 

TNF-α.
54

 All patients with worsening COVID-19 

infection should be screened for hyper-inflammation 

using systemic markers, including D-dimer, ferritin, C-

reactive protein as predictors for severity of the 

infection. However, while ferritin seems to be 

associated with disease severity, it does not seem 

positively correlated with mortality. In a multivariate 

analysis that included 218 patients, Mehta et al. 

showed that increased mortality among cancer patients 

with COVID-19 was significantly associated with D-

dimer's elevated levels but not ferritin.
55

 

 

COVID-19 and Systemic Iron. Systemic iron and 

inflammatory cytokines, including IL-6 and IL-β, 

regulate hepcidin production. COVID-19 is associated 

with increased release of pro-inflammatory cytokines, 

which, in turn, induces T-helper-1 cell response and 

promotes hepcidin production, and enhances iron 

sequestration in macrophages. While it is hypothesized 

that increased iron availability may favor viral 

replication inside macrophages, hyperferritinemia is 

not a common feature of COVID-19, unlike patients 

with typical HLH.
57-59

 A therapeutic target for iron 

metabolism and COVID-19 replication is 

erythropoietin (EPO) produced by the kidneys through 

hypoxia-inducible factor-2, its primary transcription 

factor. In addition to increasing red blood cell mass, it 

has beneficial cytoprotective effects, including anti-

ischemic and antiapoptotic effects on various tissues, 

including the lungs. More importantly, erythropoietin 

administration can result in the pro-inflammatory 

cytokines and hepcidin downregulation, which leads to 

increased release of iron by macrophages and increased 

iron absorption by the bone marrow. Iron redistribution 

could result in decreased availability of intracellular 

iron for viral replication.
59

 Chloroquine and 

hydroxychloroquine have also been shown to play a 

potential therapeutic role through iron metabolism. 

Experiments on mice have shown that treatment with 

chloroquine or hydroxychloroquine can inhibit the 

Tf/transferrin receptor (TFR1) complex endocytosis, 

which results in decreased intracellular iron levels. In 

addition to inhibiting the release of pro-inflammatory 

cytokines, they induce macrophage iron starvation, 

resulting in the macrophage population's shift from 

pro-inflammatory macrophages M1 to anti-

inflammatory macrophage M2, so attenuating COVID-

19 infection.
60,61

 In addition to iron metabolism, viral 

proteins, including orf1ab, ORF10, and ORF3a, can 

target heme on the beta-1 chain of hemoglobin and 

dissociating iron to form porphyrin and that increases 

deoxyhemoglobin, which is more vulnerable to viral 

infection than oxidized hemoglobin.
62

 In conclusion, 

the virus attack will cause less and less hemoglobin 

that can carry oxygen and carbon dioxide, producing 

respiratory distress symptoms. 

 

Correlation between COVID-19 Infection Severity 

and the Viral Load. Correlation between the SARS-

CoV-2 viral load and disease severity has seldom been 

explored. An open-label non-randomized clinical trial 

by Gautret et al. was among the first studies during the 

pandemic to measure the viral load in COVID-19 

patients. While the trial aimed at assessing response to 

hydroxychloroquine and azithromycin, the study did 

not correlate the viral load, as measured by serum real-

time reverse transcription-polymerase chain reaction 

assay (RT-PCR), with the clinical course of patients.
63

 

Two retrospective studies correlated the viral load with 

pro-inflammatory cytokines and disease severity. Chen 

et al. used RT-PCR to quantify the serum SARS-CoV-

2 viral load and correlated it with IL-6 level and 

disease severity. Out of the 48 laboratory-confirmed 

COVID-19 patients enrolled, sharply increased IL-6 

level was observed in critically ill patients, which was 

almost ten times that of severe patients, and all deaths 

exhibited extremely high IL-6 value. More importantly, 

the extremely high IL-6 level was closely correlated 

with the detection of RNAaemia with a correlation 

coefficient R=0.902.
64

 

On the other hand, Liu et al. used quantitative RT-

PCR from throat swab samples to quantify COVID-19 

patients' nasopharyngeal viral load. There was a 

significant positive correlation between the SARS-

CoV-2 RNA load and IL-2R with a p-value of 0.002. 

The time needed for the nucleic acid test to turn 

negative was significantly shorter for patients in the 

mild group than for those in the severe group (Z = -

6.713, p < 0.001). As such, the cytokine release can be 

closely related to the nasopharyngeal viral load of 

SARS-Cov-2, which could be a significant cause of 

COVID-19 disease severity.
65

 

 

Conclusion and Take-Home Messages. In conclusion, 

COVID-19 infection is often associated with laboratory 

hematologic findings that have important clinical 

implications. However, the consequences of 

hematologic changes in COVID-19 patients are not yet 

fully delineated to date. Careful revision of baseline 

hematologic findings at diagnosis can predict the 

severity of illness and help clinicians tailor their 
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management and approach to patients whose condition 

can be guarded or critical. Such markers include D-

dimer, viral load, cytokine storm, lymphopenia, and 

endothelial damage markers, like vWF and 

thrombomodulin. More studies are needed to correlate 

these changes with COVID-19 pathology, including 

thrombosis and inflammation pathogenesis. The 

hematologic data can be of therapeutic and prognostic 

value in severely ill patients and can reduce the 

mortality rate from COVID-19. Currently ongoing 

research to enhance the understanding of the infection 

ensues and shall contribute to optimizing its 

management. We urgently need more studies to define 

appropriate management plans in the setting of 

hematologic findings. However, until, in the absence of 

a specific antiviral agent and vaccine, the therapy can 

be only symptomatic. For that, the hematologic data 

are fundamental, even it the gold standard approach 

remains the prevention by breaking the cycle of 

COVID-19, limiting the virus spread. Until more data 

arises, the summary we provide here can be used by 

hematologists to understand better the hematopoietic 

system and hemostasis in COVID-19 infected patients. 

 
Table 1. Take-Home Messages. 

Criterion Hematologic Finding 

Peripheral Blood Cells 
 Lymphopenia and thrombocytopenia/thrombocytosis 

 Reduced lymphocytes with Increased neutrophils is associated with higher mortality rates 

Inflammatory 

Markers 

 "Cytokine storm": markedly increased serum levels of IL-2, IL-6, IL-7, granulocyte colony-

stimulating factor, and TNF-alpha 

 Contribute to apoptosis and lymphoid system atrophy 

Endothelial 

Lung Dysfunction 

 Increased vWF, Increased thrombomodulin 

 Reduced level of ADAMS 13 

 

Coagulopathy 

 High levels of D-Dimers associated with greater mortality among patients with sepsis 

 Association with a high level of pro-inflammatory cytokines  

Viral Load 

 RNAaemia can be considered as a prognostic predictor for cytokine storm and severe or critically ill 

patients 

 A significant positive correlation between the SARS-CoV-2 RNA load and IL-2R 

Systemic Iron 
 Regulates hepcidin production and enhances iron sequestration in macrophages 

 Hyperferritinemia not a common feature of COVID-19, unlike patients with typical HLH 
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