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Abstract: Coronavirus disease 2019 (COVID-19) is caused by pathogenic and highly transmissible Severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) which is a single stranded RNA virus. It rapidly emerged from an 
epidemic to a global pandemic form spreading in alarming levels. The pathogenesis involving spike protein which is 
present on the viral surface, plays a key role in host attachment and penetration. SARS-CoV-2 infection significantly 
affects respiratory system, but may involve other systems including haematopoietic system and homeostasis. Aim 
of the review article is to discuss spectrum of haematological changes in the blood counts, coagulation, peripheral 
blood and bone marrow in COVID-19 for complete understanding the disease process, the knowledge of which is 
helpful in early diagnosis and management of these patients. An extensive immune profiling of B and T cell popula-
tion with analysis of spectrum of immune changes during the period of infection were also discussed. In COVID-19, 
changes in laboratory parameters and hematologic abnormalities have been reported and its association with early 
diagnosis, disease prognosis and severity has been repeatedly discussed in the literature. Changes in laboratory 
investigations help in risk stratification and early intervention. The most common laboratory finding in COVID-19 is 
lymphopenia. COVID-19 patients presented with coagulopathy is at high risk of morbidity and mortality. In severe 
COVID-19 patients, bone marrow aspirate shows histiocytic proliferation with hemophagocytosis. To understand 
the correlations between immune responses and severity of COVID-19, immune profiling of B and T cell population 
was compared with extensive clinical data. A deep understanding of the laboratory findings and haematological 
abnormalities associated with SARS-CoV-2 infection would help to raise disease suspicion in absence of Real time 
polymerase chain reaction or antibody results. Also the blood counts along with the morphological changes in pe-
ripheral blood would be helpful in prompt screening, diagnosis, prognosis and management of COVID-19 patients. 
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Introduction

Coronavirus disease 2019 (COVID-19) is 
caused by pathogenic and highly transmissible 
Severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) which is a single stranded RNA 
virus. It rapidly emerged from an epidemic to a 
global pandemic form spreading in alarming 
levels. Clinically, COVID-19 presents with a wide 
range of signs and symptoms of varying severi-
ty; some patients are asymptomatic to some 
presented with fever, breathlessness, persis-
tent dry cough, chills, body pain, headache, 
loss of taste, loss of smell, gastrointestinal 
symptoms, thrombosis or may some have pro-
gressed to multi-organ failure. Common fatal 
complications include acute respiratory dis-
tress syndrome (ARDS), pneumonia, respiratory 
failure, venous and arterial thrombotic compli-

cations, metabolic acidosis, septic shock, acute 
coronary syndrome, arrhythmia, heart failure, 
acute kidney injury and acute necrotising 
encephalopathy [1, 2]. Haematopoietic system 
and homeostasis are also significantly affected 
by SARS-CoV-2 infection. Laboratory changes 
and hematologic abnormalities have been 
reported in COVID-19 patients and its associa-
tion with early diagnosis, disease prognosis and 
severity has been repeatedly discussed in the 
literature. Other factors as gender, age, comor-
bidities including diabetes, hypertension and 
obesity in patients with COVID-19 are emerg- 
ing as important prognostic factors. An exten-
sive immune profiling of B and T cell population 
with analysis of spectrum of immune changes 
during the period of infection were also studi- 
ed. To understand the correlations between 
immune responses and severity of COVID-19, 
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this profiling was also compared with extensive 
clinical data [3]. Patients developing critical lev-
els of laboratory parameters are associated 
with higher mortality, so identification of criti-
cally ill patients at an early stage is important to 
reduce morbidity and mortality of COVID-19 
patients.

SARS-CoV-2 infection pathophysiology

Coronavirus enters host body by aerosol  
transmission. The viral life cycle consists of: 
attachment (binding to the host receptor), pen-
etration (through endocytosis or membrane 
fusion), biosynthesis (For replication viral pro-
teins are made using viral mRNA), maturation 
(synthesis of new viral particles) and release 
[4]. The SARS-CoV-2 is made up of four struc-
tural proteins: a) spike (S) protein, b) nucleo- 
capsid (N) protein, c) membrane (M) protein 
and d) envelop (E) protein. The Spike protein is 
present on the viral surface and plays a key  
factor in host attachment and penetration. The 
N, M and E proteins are vital for assembly  
and release of viral particles. Spike protein is 
made up of two functional subunits: S1 subunit 
and S2 subunit. S1 subunit is responsible for 
binding of virus to the host cell receptor and S2 
subunit is responsible for fusion of viral and 
host cellular membranes [5]. S1 subunit of S 
protein initially binds to angiotensin-converting 
enzyme 2 (ACE-2) which act as a functional 
receptor for SARS-CoV-2. ACE-2 is expressed 
highly on pulmonary epithelial cells. After bind-
ing, activation and two stage protease cleav- 
age of S protein occur. First cleavage results in 
stabilisation of S2 subunit of viral spike protein 
at the attachment site and the second cleav-
age results in conformational changes in viral 
spike protein, which further lead to fusion of 
viral and host cell membranes. Virus enters the 
pulmonary alveolar epithelial cells and under-
goes replication and there is release of viral 
particles resulting in apoptosis of host cells. 
Along with that, there is release of inflammato-
ry mediators known as cytokine storm. The 
important mediators are Interleukin (IL)-1, IL-6, 
IL-8, IL-10, IL-12, tumor necrosis factor alpha 
(TNF-α), granulocyte colony stimulating factor 
(G-CSF), macrophage inflammatory protein-1 
alpha (MIP-1α), gamma interferon-induced pro-
tein 10 (IP-10), type 1 monocyte chemoattrac-
tant protein (MCP-1) and C-X-C motif chemo-
kine ligand 10 (CXCL-10) [6]. Both causing 

diffuse alveolar damage, resulting in ARDS. 
Few studies suggested that SARS-CoV-2 may 
cause invasion of host cells via the CD147-
spike protein pathway. Viral invasion is facili-
tated by S protein attaching to CD147. CD147  
is a glycoprotein, known as Basigin (BSG) or 
extracellular matrix metalloproteinase inducer/
EMMPRIN, stimulates production of several 
matrix metalloproteinases. This protein is usu-
ally expressed in hematopoietic cells, mesen-
chymal stem cells, red blood cells (RBCs), leu-
kocytes, epithelial and endothelial cells [7].

SARS-CoV-2 reported to behaves analogous to 
carbon monoxide in initiating cellular hypoxia 
and pulmonary embolism. The structural pro-
teins of SARS-CoV-2 adhere to heme and form 
methemoglobin before replacing the resident 
oxygen and iron, and transforming heme into 
porphyrin. Inflammatory process might be in- 
duced by dissociative iron mediated by alveolar 
macrophages. SARS-CoV-2 dissociates from 
oxyhemoglobin, carboxyhemoglobin and glyco-
sylated hemoglobin, thereby causing dysfunc-
tion in the exchange of oxygen and carbon  
dioxide in heme. The S proteins of SARS-CoV-2 
use a homologous sequence to directly bind 
ACE2 expressed on CD34+ hematopoietic  
stem cells, lymphocytes, monocytes and mac-
rophages [8]. SARS-CoV-2 may invade hemato-
poietic stem/progenitor cells, lymphocytes and 
MKs via ACE2, CD13 or CD66a receptors, 
resulting in cellular apoptosis, inhibited cell 
proliferation, lymphopenia and thrombocytope-
nia. SARS-CoV mediated immune response 
results in production of antibodies and im- 
mune complexes which mediate cellular dam-
age and can indirectly induce apoptosis or 
inhibit the proliferation of hematopoietic stem/
progenitor cells, thereby resulting in cytopeni-
as. It is further postulated that, SARS-CoV-2 
affects the BM microenvironment including 
endothelial cells, attenuating hematopoiesis.
Direct virus infection and uncontrolled in- 
flammation can cause damage to the microvas-
cular system, destroying the vascular endothe-
lial cell barrier, and resulting in the reduction of 
platelet EC adhesion molecule-1 (PECAM-1) on 
the cell surface and an increase in plasma sol-
uble PECAM-1. Endothelial cell damage may 
lead to the overexpression of tissue factor (TF), 
thereby activating the exogenous coagulation 
system, while inhibiting anticoagulation and 
fibrinolysis that leading to disseminated intra-
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vascular coagulation (DIC). In DIC, there is 
excessive inflammatory response and endothe-
lial cell barrier destruction which promote each 
other, forming a feedback loop leading to sys-
temic microvascular thrombosis, increased 
platelet and coagulation factors consumption, 
and secondary hyperfibrinolysis which is mani-
fested as microcirculation disorders and bleed-
ing [9].

Laboratory parameters

Change in biochemical and haematological 
parameters are important in identification and 
prognostication of COVID-19 patients.

Increased levels of lactic dehydrogenase (LDH): 
LDH active in the liver, lungs, heart, kidneys, 
brain, striated muscles and RBCs. During cyto-
kine mediated tissue damage, LDH can be 
released and take part in various pathophysio-
logical processes. As previously described in 
many diseases, LDH serve as a non-specific 
indicator of cellular death in COVID-19 [10].

Increased erythrocyte sedimentation rate 
(ESR): ESR is another inflammatory biomarker 
which is elevated in COVID-19 [11]. The exact 
cause is not known. However, as ESR is depen-
dent on change in the size, shape of RBCs and 
concentration of plasma, it is speculated that 
COVID-19 may trigger the change in character-
istics of RBCs or plasma, resulting in increased 
ESR.

Increased C-reactive protein (CRP): CRP levels 
increased due to overproduction of inflamma-
tory cytokines and by tissue destruction. CRP 
levels are influenced and correlated with the 
level of inflammatory process. This can be used 
as a valuable early marker for diagnosis of 
pneumonia and predicting the possibility of pro-
gression of disease [12, 13].

Liver function abnormalities: Causes of abnor-
mal liver function include: a) direct liver injury, 
b) associated inflammatory responses, c) con-
gestive hepatopathy, d) hepatic ischemia, e) 
drug-induced liver injury, f) muscle breakdown 
[14]. Increased total bilirubin is reported in a 
small group of patients (1-18%) and it may  
indicate underlying liver injury [15]. Liver 
enzymes, commonly aspartate amino transfer-
ase (AST) and alanine amino transferase (ALT) 
elevated typically 1-2 times the upper limit of 

normal in COVID-19 patients. Hypoalbumine- 
mia was reported in 55% of patients with 
COVID-19 who are hospitalized [12].

Renal function abnormalities: The incidence  
of acute kidney injury vary a lot ranging from 
0.5% to more than 40% in literature. Causes 
may include: a) direct kidney damage which is 
occurred through binding of SARS-CoV-2 to 
ACE2 receptors (as ACE2 can express in renal 
tubular epithelium) [16], b) direct kidney dam-
age may be occurred through production of 
pro-inflammatory cytokines and chemokines 
that can cause through apoptosis of the renal 
tubular epithelial cells, c) kidney injury by indi-
rect pathogenesis by critical care interventions. 
In Covid-19, kidney damage typically manifests 
as impaired glomerular filtration which is mani-
fested as increased levels of blood urea and 
creatinine or tubular damage which results in 
proteinuria in urinalysis [17].

Increased Procalcitonin (PCT): PCT is the 116-
amino acid precursor of the calcium regulatory 
hormone calcitonin. PCT is synthesised and 
released mainly by thyroid parafollicular C cells 
along with many extra-thyroid tissues during 
bacterial infection, which is mediated by 
increased levels of IL6 and TNFα [18]. Several 
studies reported elevated PCT (≥0.5 ng/mL) in 
6% to 30% of COVID-19 patients which may 
represents bacterial co-infection and that the 
patient is progressing into ARDS.

Increased Cardiac markers: Cause of cardiac 
injury includes a) direct injury of cardiomyo-
cytes by viral infection. SARS-CoV-2 directly 
invade and replicates intracellularly which 
results in degeneration and necrosis of cardio-
myocyte, which further causes loss of cardiac 
function and arrhythmia, b) binding to ACE2 
receptor on cardiomyocytes, and c) immune 
mediated myocardial injury caused by inflam-
matory mediators [19]. Cardiac injury is mani-
fested by increased levels of cardiac markers 
as cardiac troponin I (cTnI), creatine kinase 
(CK), creatinine kinase-muscle/brain activity 
(CK-MB), myoglobin (Mb), alpha-hydroxybutyr-
ate dehydrogenase (α-HBDH), and N-terminal 
of the prohormone brain natriuretic peptide 
(NT-proBNP). 

Increased cytokines & chemokines: In COVID-
19, the presence of an inflammatory stimulus 
triggers the production of a series of mediators 
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including cytokines and chemokines such as 
IL-2, IL-6, IL-7, IL-10, TNF-α, G-CSF, IP-10, MCP-1 
and MIP-1α [20].

Haematological parameters

Basic haematological tests like complete blood 
counts (CBC) are routinely performed, easy and 
inexpensive, and have important role in early 
diagnosis of the disease. Total leucocyte count, 
differential count of neutrophil, lymphocyte, 
eosinophils and monocytes, platelet count, 
mean platelet volume and certain ratios of 
these parameters can be used as inflammatory 
markers in patients with COVID-19. Common 
haematological alterations seen in COVID-19 
are: anaemia, leucocytosis or leucopenia, neu-
trophilia, low eosinophil count or eosinophilia, 
thrombocytopenia, and rarely thrombocytosis 
[21].

Anaemia is not a major problem, only 1.6% 
patients required blood transfusion [20]. 
Causes of reduced haemoglobin are: a) SARS-
CoV-2 damages RBC membranes due to pres-
ence of angiotensin and ACE2-interacting pro-
teins on the surface of RBCs, b) direct attack  
of heme by virus, c) dysregulated iron metabo-
lism, d) blood loss that occurred during renal 
replacement therapy and gastrointestinal 
bleeding in patients with or without use of anti-
coagulant, e) auto-immune haemolytic anae-
mia within a timeframe of the cytokine storm 
[22].

Lymphopenia is the most common laboratory 
finding in SARS-CoV-2 infection, may present in 
25 to more than 80% of patients on admission 
[12]. Causes of lymphopenia are: a) SARS-
CoV-2 directly infect lymphocytes as ACE2 
receptors are expressed on their surface, 
resulting in cell lysis [8], b) lymphocyte apopto-
sis caused by cytokine storm [23], c) atrophy of 
lymphoid organs, including spleen, associated 
with cytokine activation further impairing lym-
phocyte turnover [24], d) coexisting lactic acid 
acidosis, also inhibit lymphocyte proliferation 
by blocking lactic acid export in T cells [25].

Neutrophil count is elevated in severe COVID-
19 patients. Several studies have reported that 
neutrophil-to-lymphocyte ratio (NLR), a clinical 
inflammation biomarker, is increased [26]. In 
addition to the NLR, neutrophil to CD4+ lym-
phocyte ratio (NCD4LR) and neutrophil count to 
albumin ratio (NAR) are also increased [27, 28]. 

Lymphocyte to monocyte ratio (LMR) is usually 
low but may me normal, increased also. 
Eosinopenia (defined as absolute eosinophil 
counts <0.02 × 109 cells/L) was reported in 
more than half the patients admitted with 
COVID-19 by Zhang et al [29]. Similarly, eosino-
penia (absolute eosinophil counts <0.02 × 109 
cells/L) was also noted in 81% of the patients 
at the time of admission by Du et al when  
they reviewed the medical records of 85 fatal 
cases of COVID-19 [30]. Cause of eosinophilia 
in COVID-19 is multifactorial, may be due to a) 
suppressed eosinophil mobilisation from the 
bone marrow (BM), b) inhibition of eosinophilo-
poiesis, c) reduced eosinophil-driving cyto-
kines, and d) direct interferon-induced apopto-
sis. Fraissé et al described an unexpected 
late-onset and prolonged ICU-acquired eosino-
philia in about one-third of their critically ill 
COVID-19 patients [31]. Exact cause of eosino-
philia is not known whether it a dysregulated 
immune response during the cytokine storm 
marker or an excessive immune recovery.

Thrombocytopenia is less common than lym-
phopenia, reported rate varies from less than 
5% to about 53.6% cases [12]. Causes of 
thrombocytopenia include: a) platelet produc-
tion affected by direct cytopathic effect on the 
bone marrow CD34+ hematopoietic stem/ 
progenitor cells through CD13 and CD66a 
which act as potential receptors for the inter-
nalization of SARS-CoV-2, b) impaired fragmen-
tation of megakaryocytes and platelet produc-
tion due to damage to the lung and pulmon- 
ary capillary bed caused by COVID-19, c) 
increased platelet consumption due to lung 
and pulmonary endothelial cell injury, d) liver 
damage may cause decrease thrombopoietin 
(TPO) production further hampering mega-
karyocyte maturation and differentiation, e) 
immune-mediated platelet destruction caused 
by anti-platelet autoantibodies which are stimu-
lated by SARS-CoV-2 [32, 33].

Peripheral blood smear

In COVID-19, morphological changes in periph-
eral blood smear in all the cell lines were 
described in the literature. RBC morphology is 
predominantly normocytic normochromic (in 
about 70% cases) or may be dimorphic (micro-
cytic-macrocytic), microcytic hypochromic or 
macrocytic. RBC series shows presence of 
nucleated RBCs and coarse basophilic stippling 
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[34]. Most common peripheral blood smear 
finding is presence of lymphopenic with reac-
tive lymphocytes, of which a subset appeared 
monocytoid or lympho-plasmacytoid [21].  
Singh et al [35] described presence of large 
granular lymphocyte with round to indented 
nuclei, condensed chromatin, few with promi-
nent nucleoli, along with abundant pale blue 
cytoplasm with distinct azurophilic granules. 
These cells are probably natural killer cells/ 
cytotoxic T lymphocytes. Apoptotic body and 
cytoplasmic pod formation were also describ- 
ed by Singh et al in a few lymphocytes. Large 
atypical, bizarre looking mononuclear cells, 2-3 
times the size of RBC having irregular nuclear 
membrane, dense chromatin, scant to moder-
ate cytoplasm and few with cytoplasmic gran-
ules and vacuoles (?Virocyte/?Covicyte) are 
also described in the literature [36]. Neutro- 
philia is seen in COVID-19. Neutrophils with 
cytoplasmic vacuolations, numerous crowded 
dark distinct granulations similar as toxic gran-
ulations, basophilic agranular region in the 
periphery of cytoplasm, and markedly con-
densed chromatin in the nucleus are describ- 
ed [21, 35]. Neutrophils with different abnor-
mal nuclear shapes including ring shaped, pi-
shaped and donut-shaped nuclei were 
described in the literature [34]. Singh et al 
described these fetus-like C-shaped nuclei  
with nuclear projections, as COVID nuclei [35]. 
Dysmorphic pictures as hypogranulations, 
hypolobation and pseudo-Pelger-Huet neutro-
phils are also seen. Apoptotic cells with lique-
fied nuclear chromatin and granulated or deep 
blue cytoplasm, reminiscent of polymorphs 
with nuclear fragmentation are seen. Immature 
granulocytes as small promyelocytes, myelo-
cytes or metamyelocytes are frequently pres-
ent in early phase. Reactive large atypical 
monocytes with abnormal nuclear shape and 
cytoplasmic vacuolations were also described 
[29, 37]. Rarely, leucoerythroblastic blood pic-
ture is described [38]. Morphological abnormal-
ities in platelet were also described in COVID-
19 both in patients with thrombocytosis as  
well as thrombocytopenia. These morphologi-
cal changes includes presence of giant plate-
lets, usually hyperchromatic, vacuolized and 
some showing pseudopods [39]. 

Flowcytometry 

Flowcytometric immunophenotyping can help 
in analysing different peripheral blood cell pop-

ulations. Fan et al [21] found that the ICU 
patients have significantly lower CD45+, CD3+, 
CD4+, CD8+, CD19+ and CD16/56+ counts. 
The CD4 to CD8 ratio was not inverted in all 
groups of patients. T cells were more affected 
by SARS-CoV-2. A subset analysis of T cells 
showed that both helper T (Th) cells (CD3+  
and CD4+) and suppressor T cells (CD3+ and 
CD8+) were lower in patients with COVID-19 
[40, 41]. However, levels of CD8 T-cells are 
more likely to be reduced compared to CD4 
T-cells. Moratto suggested that, patients with 
severe disease had a significantly reduced 
number of TCRγδ+ T cells, and an abnormal 
distribution of CD8+ T cell subsets, with lower 
proportion of naïve cells and increased per- 
centage of effector CD45RA+ cells [41]. Rezaei 
et al studied peripheral lymphocyte subsets 
including CD4+, CD8+, CD4+CD25+FOXP3+, 
CD38+, CD3+HLA-DR+, CD19+, CD20+, and 
CD16+CD56+ cells and found an increasing 
trend in WBCs, total T cells, T helpers, cytotoxic 
T cells, activated lymphocytes, and natural kill-
er cells among responders. They observed 
higher neutrophil percentage, lower lympho-
cyte percentage, and lower counts of total T 
cells, CD4+ T cells, CD8+ T cells and NK cells  
at day 0 of admission; lower counts of CD27+ 
and CD3+HLA DR+ lymphocytes at day 7 of 
admissions were associated with mortality in 
COVID-19 patients [42]. Mathew et al used 
high-dimensional flow cytometry to perform 
immune profiling of B and T lymphocyte 
populations. They examined six important  
CD8 T cell populations: naïve (CD45RA+ 
CD27+CCR7+CD95-), central memory [CD45- 
RA-CD27+CCR7+ (CM)], effector memory 
[CD45RA-CD27+CCR7- (EM1), CD45RA-CD27-
CCR7+ (EM2), CD45RA-CD27-CCR7- (EM3)], 
and effector memory T cells re-expressing 
CD45RA (EMRA) (CD45RA+CD27-CCR7-) CD8  
T cells. Among the different populations of  
CD8 T cells in COVID-19 patients, they found 
increase in the EM2 and EMRA T cell popula-
tions and a decrease in EM1T cell population. 
There is also increase in frequency of CD39+ 
cells in COVID-19 patients. They also suggest-
ed that, there was a significant increase in 
KI67+ and also CD38+HLA-DR+ non-naïve  
CD8 T lymphocyte population in COVID-19 
patients. They also analyzed six CD4 T lympho-
cyte subsets including naïve; EM1, EM2, and 
EM3; CM; and EMRA along with circulating T  
follicular helper cells [CD45RA-PD-1+CXCR5+ 



Hematological changes in COVID-19

48 Am J Blood Res 2022;12(1):43-53

(cTFH)] and activated circulating TFH cells 
[CD38+ICOS+]. They observed a relative loss of 
naïve CD4 T cells with increased EM2 and 
EMRA T-cell populations and increased KI67+ 
or CD38+HLA-DR+ non-naïve CD4 T cells in 
COVID-19 patients [3]. B-cell population is also 
reduced in those with severe disease, while a 
significantly increased proportion of circulating 
CD19+CD20-CD38hiCD27hi plasmablasts is 
seen [42]. Methew et al suggested that there 
was also alteration in B cell subpopulations in 
patients with COVID-19. Naïve B cell subpopu-
lations were not altered, however the class-
switched (IgD-CD27+) and not-class-switched 
(IgD+CD27+) memory B cells were significantly 
reduced. CD27-IgD- B cells and CD27+CD38+ 
PBs were markedly increased. The expression 
of CXCR5 was also reduced on all major B cell 
subpopulations in COVID-19 patients [3]. 
Rendeiro et al [43] used several indepen- 
dent fluorochrome-conjugated antibody pan-
els, each targeting a specific surface protein 
marker of T, B, NK, and myeloid-derived sup-
pressor cells (MDSCs), for high-dimensional 
immune cell profiling of circulating blood by  
flow cytometry. They observed that there is pro-
gressive loss of circulating lymphocytes and 
selective expansion of NK populations and 
MDSCs (especially granulocytic cell-MDSCs), 
suggesting that the innate compartment may 
contribute to the immunological disarray of 
COVID-19 patients. He also observed that in 
the B-cell population, there is lower expression 
of CD19 and higher expression of membrane 
bound IgM and IgG in COVID-19 patients, which 
suggested that after viral exposure, B cells 
undergo plasmacytoid maturation and immu-
noglobulin switching. They also found abnormal 
and delayed maturation of plasma cells [43]. 
Zhang et al suggested that, there is presence 
of FSC-high monocytic population in COVID-19 
which expresses higher levels of macrophage 
markers CD80 and CD206 [29]. Some authors 
suggest that there is correlation between the 
severity of COVID-19 and the level of HLA-DR 
found on monocytes; those with severe and 
critical COVID-19 showed reduced HLA-DR on 
their monocytes. The monocytes in COVID-19 
contain a decreased number of classical sub-
set (CD14++, CD16-) with an increase in inter-
mediate (CD14+, CD16+) and non-classical 
subsets (CD14+, CD16++) [44]. CD64 on neu-
trophils and CD169 on monocytes were the two 
main biomarkers assessed in the study by flow 

cytometry for discriminating between bacterial 
versus COVID-19 or other viral infections [45].

Bone marrow smear

In COVID-19, BM shows trilineage hematopoie-
sis, sometimes with myeloid hyperplasia and/
or a left shift. Severe COVID-19 patients show 
histiocytic proliferation with hemophagocytosis 
in the BM aspirates and may indicate worse 
clinical outcomes [21, 46]. COVID-19 may pre-
dispose to hemophagocytic lymphohistocytosis 
(HLH) through activation of the IL-1/IL-6 path-
way, including overproduction of IL-1β by mac-
rophages. There is an increase in pleomorphic 
megakaryocytes, plasma cells and macro-
phages in COVID-19 [47].

Coagulation profile

Coagulopathy is a high risk factor for morbidity 
and mortality in patients with COVID-19 [48]. In 
more than 70% of patients who succumb to  
the infection has been reported to develop DIC 
[49]. Apart from thrombotic complications, 
bleeding also causing significant morbidity in 
COVID-19. The thrombotic complication rate 
was reported as 9.5% and bleeding rate as 
4.8% and major bleeding rate as 2.3% [50]. 
Patients with COVID-19 have prolonged pro-
thrombin time (PT), prolonged activated partial 
thromboplastin time (APTT), increased D- 
Dimer, increased fibrin degradation products 
(FDP) and increased fibrinogen. Endothelial 
activation markers as von Willebrand factor, 
Factor VIII and P-selectin are increased in 
COVID-19. Plasminogen activator inhibitor 1 
(PAI-1) which is a fibrinolytic inhibitor is also 
increased in COVID-19. Cause of thromboem-
bolism in COVID 19 are: a) activation and  
damage of endothelial cell due to SARS-CoV-2 
spike protein binding to endothelial cells 
through ACE2 receptors; b) hypoxia can cause 
endothelial dysfunction and hypercoagulabi- 
lity; c) increased blood viscosity due to uncon-
trolled release of a large amount of inflamma-
tory mediators- cytokines and chemokines  
and, also due to application of hormones and 
immunoglobulins in severe or critically ill 
patients; d) reduced fibrinolysis in severe 
COVID-19 cases, e) complement activation  
may augment thrombotic complication; f) pro-
longed immobilization during illness, dehydra-
tion, presence of other cardiovascular risk fac-
tors; g) vascular endothelial damage may be 
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caused by mechanical ventilation, central 
venous catheterization, and surgery. Studies 
suggested that at initial presentation in hospi-
talized COVID-19 patients, elevated levels of 
D-dimer, platelet count, CRP, and ESR were  
predictive of thrombotic complications; and 
thrombocytopenia (platelet count <150 × 
109/L) and elevations in D-dimer >2500 ng/mL 
were predictive of bleeding complications [50].

Prognostication

Haematological and biochemical changes in 
laboratory investigations assist in recognition 
of disease progression. RDW which is routinely 
measured with CBC appear to a nonspecific 
biomarker for risk stratification in COVID-19 
patients. Foy et al described that elevated  
RDW (>14.5%) at the time of hospital admis-
sion were associated with significant increased 
mortality risk (11% Vs 31%) for patients with 
COVID-19 and they were 6 times more likely to 
die within 48 hours than the patients with nor-
mal RDW at the time of admission. Along with 
that they suggested that during hospitalisation, 
an increasing RDW was associated with 
increased risk of mortality (>0.5% increase in 
RDW increase mortality rate from 6% to 24%) 
[51]. Other studies also indicate RDW as mark-
er of complication in COVID-19. In COVID-19, 
anaemia is an independent predictor of poor 
outcome as in several other respiratory diseas-
es. The median haemoglobin level was lower in 
severe cases than in non-severe cases [40]. 
Lymphopenia in COVID-19, seems to be the 
most relevant severity biomarker of the infec-
tion [52]. The definition of lymphopenia is dif-
ferent in different studies, however lympho- 
cyte count ≤ 1100 μL in few studies showed 
consistent results. Huang et al [53] and Wang 
et al [54] found that there was an association 
between lymphopenia and need of ICU care. 
Wu et al [55] showed an association between 
lymphopenia and acute ARDS development. 
Increased total leucocyte count and absolute 
neutrophil count were high risk factors for 
severe COVID-19 and were associated with 
increased risk of death [55]. NLR and platelet/
lymphocyte ratio (PLR) at peak platelets have 
prognostic value in determining severe cases 
[56]. Fan et al [21] found that patient requiring 
ICU care had lymphopenia, neutrophila, high 
LDH and were of older age. A decreased lym-
phocyte/leukocyte count ratio has been report-

ed indicating severe disease and/or fatal out-
comes [57]. Study also suggested that in- 
creased neutrophil/lymphocyte and neutro-
phil/platelets ratio may be indicative of myo- 
cardial injury and increased mortality [20, 58]. 
Pakos et also stated that a higher rate of  
death mortality is associated with lower abso-
lute monocyte count and higher NLR [40]. In 
addition to the NLR, NCD4LR is associated  
with a longer virus negative conversion time 
and with a prolonged virus clearance and wor- 
se immune function [28]. The LMR value may 
also be considered a clinical marker to show 
the severity of the disease. Another biomarker, 
the neutrophil count to albumin ratio, has also 
been described as a predictor of mortality in 
COVID-19 patients [29]. Studies suggested  
that thrombocytopenia is significantly associ-
ated with increased risk of severe disease, 
need for ICU care and mortality in COVID-19 
[59]. Inflammatory indices, including increased 
ESR, CRP, LDH (>250 U/L) and IL-6 can also  
use as predictor for dismal prognosis. Increased 
LDH may reflect multiple organ injury and is 
also associated with higher risk of acute  
respiratory distress syndrome, need of ICU  
care and mortality [10, 11, 13]. Henry et al 
described that elevated LDH was associated 
with more than 6 fold increase in odds of  
severe disease and more than 16 fold increase 
in odds of mortality [10]. In COVID-19 a high 
CRP level (>10 mg/Liter) is associated with 
unfavourable aspects, such as development of 
ARDS, higher Troponin-T levels, myocardial inju-
ry and death [5, 55, 56, 59]. COVID-19 patients 
with elevated bilirubin are associated with 
worse prognoses and severe disease [15].  
High serum ferritin levels is associated with 
increased death as suggested by Zhou et al. 
[18]. Increased levels of IL-6 and LDH have 
been associated with increased risk of death 
[55]. In COVID-19, high procalcitonin level can 
also be used as predictor of patients at high 
risk for clinical deterioration or bacterial co-
infection [22, 60]. Studies also suggested that 
increased PCT value is associated with an 
approximately 5-fold higher risk of severe in- 
fection [5]. Increased levels of IL-2, IL-6, IL-7, 
IL-10, TNF-α, G-CSF, MCP-1, IP-10 and MIP-1α 
are common in patient requiring ICU care [20]. 
Liu et al suggested that increased LDH and 
CRP, lymphopenia, neutrophilia, hypoalbumin-
emia are predictors for the severity of COVID-
19 patients [12, 13]. Plasma angiotensin II lev-
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els in COVID-19 patients were significantly 
higher and strongly correlated with viral load 
and lung injury [20]. D-dimer levels above 1 µg/
mL at admission were associated with a great-
er chance of death. Increased ALT, highly sensi-
tive cardiac troponin I, serum ferritin (>300 ng/
mL), CK, D-dimer, prothrombin time and creati-
nine were associated with decreased survival 
and increased requirement for ICU [20]. 
Increased level of D-dimer reflect the progres-
sion to DVT and pulmonary embolism, and can 
predict severity and mortality of COVID-19 dis-
ease [33]. Marwah et al suggested NLR above 
7.4, urea to albumin ratio above 0.28 and  
(ALP × ALT) to albumin index above 238 (spe-
cific to the Caucasian group) can be used as 
severity indicators by clinicians and appro- 
priate intervention should be taken to reduce 
the rate of mortality in COVID-19 patients [61]. 
Few studies established relationship between 
flowcytometric immune proofing of COVID-19 
patients with disease severity. Rendeiro et al 
found that in patients with COVID-19, an 
increased CD25+ T cells was indicative of a 
higher state of activation and increase in 
CD95+ with disease progression [43].

COVID-19 disease has prominent manifesta-
tions related to hematopoietic system and 
often associated with a major blood hyperco-
agulability. Routine hematology parameters are 
important predictors of COVID-19 severity. The 
monitoring of hematological parameters is 
essential and can assist in the identification of 
patients who will need care in the Intensive 
care unit. It causes a spectrum of haematologi-
cal changes, ranging from mild cytopenia to 
some patients develop a severe proinflamma-
tory state which can be associated with a 
unique coagulopathy. The lymphopenia, throm-
bocytopenia, and elevated D-dimer and CRP 
levels are the common hematological abnor-
malities in COVID-19. Studies has reported leu-
copenia with moderate to severe lymphopenia 
and mild thrombocytopenia at the time of hos-
pital admission. Lymphopenia is the most com-
mon laboratory finding in COVID-19. There is 
presence of reactive lymphocytes, of which a 
subset appeared monocytoid or lympho-plas-
macytoid. Large atypical, bizarre looking mono-
nuclear cells are also commonly seen. 
Neutrophilia with dyspoiesis may be noted. 
COVID-19 may predispose to hemophagocytic 
lymphohistocytosis in bone marrow. More stud-
ies regarding changes of lymphocyte subsets, 

such as CD4+ T cells, CD8+ T cells, B cells,  
and NK cells in patients with COVID-19 and 
their correlation with the severity and outcome 
of the patients are required to get a clarity 
about dynamics of lymphocyte subsets. The 
severity of COVID-19 depends on several fac- 
tors including age, gender, and the presence of 
existing comorbidities such as diabetes, hyper-
tension, or respiratory disease. Several time 
consuming risk scores are designed by com- 
bining patient characteristics, physiological 
parameters, biochemical parameters, and 
radiological features. Abnormalities in routine 
laboratory and hematological tests have the 
potential to indicate severity in COVID-19, in  
a quick, practical and economical way. 
Haematological and biochemical changes in 
laboratory investigations assist in prognostica-
tion and recognition of disease progression. 
So, serial monitoring of these markers as 
D-dimer levels may be considered in view of 
practical clinical decisions making. Patient out-
come can be improved by taking preventive 
measures for thromboprophylaxis and by early 
identification of potentially lethal complica- 
tions including DIC that will reduced overall 
morbidity and mortality in COVID-19 patients. A 
deep understanding of the laboratory findings 
and haematological abnormalities associated 
with SARS-CoV-2 infection would help to raise 
disease suspicion in absence of Real time poly-
merase chain reaction or antibody results. Also 
the blood counts along with the morphologi- 
cal changes in peripheral blood would be help-
ful in prompt screening, diagnosis, prognosis 
and management of COVID-19 patients. Flow 
cytometry immunophenotyping of peripheral 
blood may help to predict the risk of clinical  
progression and dynamic changes in patients 
with COVID-19. Patients developing critical lev-
els of haematological and biochemical param-
eters are associated with severe disease and 
higher mortality, so identification of critically ill 
patients at an early stage is important to re- 
duce morbidity and mortality of COVID-19 
patients. Careful evaluation of laboratory indi-
ces at baseline and during the disease course 
can assist clinicians in modulating treatment 
approach and promptly provide intensive care 
when needed. 
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