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Abstract

Review Article

IntroductIon

Coronaviruses (CoVs) are a group of viruses that 
co-infect humans and other vertebrate animals. CoV 
infections result in multisystemic damaging affecting the 
respiratory, gastrointestinal, and central nervous systems 
of humans, livestock, birds, bats, mice, and many other 
wild animals.[1] For example, CoVs caused severe acute 
respiratory syndrome (SARS) emergence in 2002 and the 
Middle East respiratory syndrome emergence in 2012 when 
transmission occurred from animals to humans.[2-4] The disease 
caused by SARS-CoV-2 was called “coronavirus disease 
2019” (COVID-19).[5-7] Hematological profiling is an essential 
component of the management of many conditions.[8] In 
infections caused by other viruses such as the arboviruses, the 
hematological parameters of the patients are a useful marker 
of detection, diagnosis, and monitoring treatment response.[9]

Method

We performed a literature search of online databases including 
Google, Google Scholar, and PubMed from January 2020 to 

January 2021, using the following search terms: COVID-19 
infection and Hematological profile. Thirty-three articles were 
found eligible and were used for our review.

coronavIrus dIsease‑2019 and the PerIPheral 
Blood cells

Changes in hematological parameters during the COVID-I9 
infection have been reported in a few studies carried 
out worldwide, focusing mainly on white blood cells 
and platelets.[10] This is not surprising, changes in white 
cell count remain a focus in the diagnosis, management, 
and monitoring of other viral infections.[11] However, 
unlike other viral infections, significantly lower levels of 
total lymphocyte count and proportions of lymphocytes, 
thrombocytes, eosinophil, and monocytes have been reported 
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in COVID-19 patients.[12,13] In many reports, these changes in 
leukocyte count in COVID-19 infection were linked to disease 
severity, with many COVID-19 patients who did not survive 
the illness having considerably lower levels of lymphocytes 
and higher leukocytes levels than patients who survived.[14] In 
contrast, neutrophils have been noted to be significantly higher 
in severe cases.[15] A meta-analysis of potential biomarkers 
associated with severity of COVID-19 infection by Danwang 
et al. in 2020 revealed that severe cases of COVID-19 were 
more likely to present lymphopenia and thrombocytopenia but 
not leukopenia.[16] These findings represented a useful marker 
of differentiation of COVID-19 infection from other causes of 
febrile illness in the early days of the pandemic, especially in 
countries like Nigeria where infectious diseases (like malaria) 
are endemic, and the capacity for testing was limited.[17]

Although the pathophysiology of lymphopenia in COVID-19 
infection is still largely unclear, it has been postulated that 
SARS CoV2 may directly induce cytotoxicity via active 
viral replication within the lymphocyte pool or indirectly 
cause lymphocyte damage via cytokine release, which 
can induce programmed cell death.[18] High levels of 
glucocorticoids seen in severe COVID-19 cases can also 
result in downregulation of lymphokine, which is necessary 
for lymphocyte activation.[16]

In any chronic infection, especially in instances of infectious 
diseases, it is not uncommon to anticipate a reduction in the 
mean hemoglobin levels; in COVID-19 infection, minimal to 
no changes in mean hemoglobin values have been reported.[19] 
In a recent study by Goel et al., who conducted a systematic 
review of 3231 COVID-19 cases, it was reported that the mean 
hemoglobin values were mostly normal. This finding was 
attributed to the acute course of the disease.[20] Platelet levels 
are also dysregulated during COVID-19 infection.[21] Goel 
et al.reported thrombocytopenia in about one-third of patients 
with COVID-19 infection reviewed.[20] This is attributable to 
infection at the site of blood production (the bone marrow), 
resulting in a subsequent reduction in platelets’ production. 
It may also increase peripheral destruction of platelets by 
generating autoantibodies. The inflammation cascade in 
the lungs can result in platelet activation and formation of 
microthrombi, rapidly consuming available platelets and 
resulting in thrombocytopenia. Thrombocytopenia makes 
patients susceptible to coagulopathy and must be addressed 
promptly.[16]

The peripheral blood cell parameters are, therefore, useful guide 
for the prediction of outcomes in COVID-19 patients as reported 
in the United Kingdom by Abdul-Jawad et al.[22] It was reported 
that neutrophil-to-lymphocyte ratios, platelet-to-lymphocyte 
ratios, basophil, and lymphocyte counts, and hemoglobin were 
significant correlates of COVID-19 severity, with lymphopenia 
having one of the highest predictive accuracies for COVID-19 
severity.[22] Similarly, in a multivariable Cox regression model, 
Chen et al. [2] reported that the restored levels of lymphocytes, 
eosinophils, and platelets could serve as predictors for recovery. 

In contrast, increased levels of neutrophils and basophils are 
associated with poorer outcomes.[23]

Therefore, in practice, lymphopenia is the most useful 
peripheral hematological marker of disease severity and is 
useful for early identification and stratification of patients who 
might require admission to the intensive care unit (ICU).[9]

coronavIrus dIsease‑2019 InfectIon and 
InflaMMatory Markers

COVID-19 has been linked to a severe systemic immune 
response driven by a cytokine storm.[24] After the virus 
enters into the pneumocytes via the angiotensin-converting 
enzyme 2 receptor, it triggers a systemic inflammatory 
response and the release of pro-inflammatory cytokines such 
as interleukin (IL)-2, IL-6, IL-7, monocyte chemoattractant 
protein -1 (MCP1), and tissue necrosis factor alpha (TNFα) 
which, in turn, stimulates the production of inflammatory 
markers such as procalcitonin (PCT) and C-reactive 
protein (CRP).[16]

Immunological studies that were done on COVID-19-infected 
patients who were hospitalized show hyperinflammation 
in about 25%–30% of cases.[22] Cellular and tissue damage 
primarily results from the hyperinflammation induced by 
COVID-19 and not necessarily the virus itself. Inflammation at 
the respiratory tract results in increased capillary permeability, 
pulmonary edema, and respiratory distress. Inflammation can 
also trigger reactions around the body and lead to multisystemic 
organ dysfunction, linked to worsened prognosis regardless of 
treatment.[16]

Inflammatory markers have been reported to be higher in 
patients with severe COVID-19 disease. In 2020, Huang et al. 
reported that patients requiring ICU admission had higher 
concentrations of ILs – IL2, IL7, and IL10, granulocyte 
colony-stimulating factor, interferon-gamma-induced protein 
10, MCP1 macrophage inflammatory protein 1 alpha, 
and TNFα when compared to those who did not require 
ICU care.[23] Similarly, Danwang et al. in a meta-analysis 
of 16 studies aimed to summarize the available data on 
the severity of COVID-19 and common hematological, 
inflammatory, and biochemical parameters. The studies 
comprised one cross-sectional survey and 15 case series. 
The patients had a mean age of 9 to 70.5 years in severe 
cases and 7.5 to 59.7 years nonsevere cases. They reported 
that inflammatory (PCT, CRP), hematologic (lymphocyte, 
thrombocytes), and biochemical (CK-MB, troponin I, D-dimer, 
aspartate aminotransferase, alanine aminotransferase, lactate 
dehydrogenase, and gamma-glutamyl transferase) biomarkers 
are significantly associated with severe COVID-19 and 
suggested that these biomarkers might be helpful in prognostic 
risk stratification of patients with COVID-19. Severe cases 
had a threefold higher risk of having higher PCT levels and 
IL-6 was significantly higher in nonsurvivors compared to 
survivor cases.[16]
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A systematic review of over 3000 COVID-19 cases carried 
out by Goel et al. in 2021 explored the clinical features and 
related laboratory parameters in COVID-19 infection and 
evaluated critical factors that may affect the disease course 
and prognosis. CRP, TNF, and erythrocyte sedimentation 
rates levels were increased compared to universally accepted 
laboratory reference values in 59.51%, 58.26%, and 57.14% 
of cases, respectively. IL-6 and IL-2 levels were elevated in 
54.52% and 52.54% of cases, respectively. PCT level was 
increased by only 6.59% of cases.[20] Thus, early measurement 
of inflammatory markers can help delineate the severity 
index of cases and guide the institution of appropriate 
therapy. Recognized treatment options for the management of 
cytokine storm include the use of corticosteroids, nonsteroidal 
anti-inflammatory drugs, (NSAIDS) immunosuppressive, and 
immunomodulatory therapies (such as tocilizumab, etoposide, 
and ruxolitinib). There are still controversies over the use of 
corticosteroids and NSAIDS in the management of cytokine 
storms in COVID-19 patients.[16-25]

coronavIrus dIsease‑2019 InfectIon and 
coaguloPathy

COVID-19 can result in coagulopathy and has been 
associated with an increased risk of abnormal bleeding and 
thromboembolism. Asides earlier explained mechanism of 
causing thrombocytopenia, COVID-19 has also been linked 
to liver injury resulting in altered production of clotting 
factors.[16] Disseminated intravascular coagulation triggered 
by sepsis in infected patients has also been linked to higher 
D-dimer levels. Coagulopathy and thrombocytopenia likely 
result from consumption coagulopathy caused by activation 
of procoagulant pathways.[16]

Venous thromboembolic events have been reported in 
COVID-19 patients who are acutely or critically ill and the 
American Society of Hematology 2021 guidelines have 
advised that prophylactic-intensity anticoagulation over 
intermediate-intensity anticoagulation or therapeutic-intensity 
anticoagulation be used for COVID-19 patients with 
acute illness or critical illness who are not confirmed or 
suspected to have venous thromboembolism (VTE). At 
present, there is no direct high-certainty evidence comparing 
different types of anticoagulants. The selection of a specific 
agent (e.g., low-molecular-weight heparin, unfractionated 
heparin, etc.) may be based on availability, resources required, 
familiarity, and the aim of minimizing personal protective 
equipment use or staff exposure to COVID-19-infected patients 
as well as patient-specific factors (e.g., renal function, history 
of heparin-induced thrombocytopenia, and concerns about 
gastrointestinal tract absorption).[26] Danwang et al., in a 
meta-analysis of potential biomarkers associated with severity 
of COVID-19 in 2020, found significant differences in D-dimer 
and prothrombin time (PT) between COVID-19 patients with 
severe and nonsevere cases, with the former exhibiting higher 
levels of D-dimer and longer PT. Activated thromboplastin 

time and fibrinogen levels did not differ significantly between 
severe and nonsevere cases.[16] Patients with severe COVID-19 
diseases are also more likely to have increased serum D-dimers.

D-dimer, a fibrin degradation product, is a widely used initial 
screening test to diagnose patients with signs or symptoms 
suggestive of VTE.[27] High levels are suggestive of VTE, but 
it can also be elevated in other inflammatory conditions such 
as sepsis.[27] Therefore, it is not surprising that high levels 
have been found in patients with COVID 19, especially in 
cases of severe disease, which is associated with cytokine 
storm, a phenomenon in which there is an overproduction 
of pro-inflammatory cytokines.[28,29] D-dimer has also been 
found to predict clinical outcomes in COVID-19 patients.[30] 
A study by Wang et al., in Wuhan China, found that higher 
D-dimer levels were seen in nonsurvivors of COVID 19 and 
were associated with a prolonged hospital stay.[31]

Coagulopathy results in a poorer prognosis in patients with 
COVID-19. Tang et al., in Wuhan China in a study of the 
coagulation profile of patients with COVID-19, found that 
nonsurvivors of COVID infection had significantly higher 
D-dimer, fibrin degradation product levels, longer PT, and 
activated partial thromboplastin time than the survivors.[32]

Disseminated intravascular coagulation was also seen in 
71.4% of nonsurvivors, unlike in 0.6% of survivors.[32] Regular 
monitoring of coagulation profile of cases with severe form and 
prompt correction of noted abnormalities is vital in COVID 
management to improve prognosis.

Controversy still surrounds the association between blood 
types and COVID-19. However, some studies have reported 
that patients with blood type A were more likely to have 
COVID-19 infection than when compared to patients with 
blood type O.[33]

conclusIon

Hematological profiling should be incorporated as a routine 
component of diagnosis, prognostication, and management 
of COVID-19 patients, especially in low-resources settings 
like Nigeria.
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