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Laboratory Changes in SARS-CoV-2 Infection: A Review
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Ab s t r Ac t 
Aim: To review the updated literature to find out the biochemical and hematological changes that occur in the SARS CoV-2 (COVID-19) infection 
that is causing the ongoing global pandemic.
Background: The outbreak of COVID-19 infection began in December 2019 in Wuhan, Hubei province, and within a few months, by March 
2019, it had taken the shape of a pandemic. Six months down the road, knowledge about the pathogenesis of this infection has grown rapidly. 
Although it is predominantly a respiratory infection, COVID-19 is now known to affect almost every organ of the body. The unpredictable clinical 
course has been attributed to multiple biochemical and hematological changes that are caused by the COVID-19 virus.
Review results: An in-depth analysis of recently published data has highlighted that various biochemical and hematological alterations can be 
attributed to COVID-19 infection. These include hypoalbuminemia, reduced number of lymphocytes, elevated levels of aspartate transaminase 
(AST), homocysteine, and biomarkers such as ferritin. Other parameters such as lactate dehydrogenase (LDH), C-reactive protein (CRP), IL-6, 
Procalcitonin (PCT), D-Dimer, neutrophil–lymphocyte ratio (NLR), and angiotensin II correlate with the extent of viral load and predicted the 
course of the disease.
Conclusion: Knowledge about the alteration biochemical and hematological markers in the COVID-19 infection is helpful in the estimation of 
the extent of viral load and in the prediction of the clinical course of the infection.
Clinical significance: Monitoring the biochemical and hematological biomarkers, especially, CRP, ferritin, LDH, D-Dimer, and NLR, is useful for 
triaging patients infected with COVID-19 early in the course of disease and thus may prevent disease progression by the institution of early 
interventions.
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bAc kg r o u n d 
The novel, severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) virus outbreak was first identified in Wuhan, China, 
in December 2019. Within 6 months, the outbreak took on the 
shape of a pandemic which has now affected more than 64 million 
people across the globe and caused nearly 1.5 million deaths.1 The 
main mechanism for infection with SARS-CoV-2 virus is the binding 
of the spike protein of the virus to the membrane-bound form of 
angiotensin-converting enzyme 2 (ACE2) and the internalization of 
complex by the host cell. ACE2 receptors are not only expressed 
in the lung but also in the small intestines, colon, esophagus, 
heart, kidney, ovaries, and testis. The widespread distribution of 
receptors of SARS-CoV-2 virus is the reason behind the multiple 
clinical manifestations of infection as well as multiorgan damage 
and systemic failure in advanced stages of infection.

The clinical course of SARS-CoV-2 is mild in most cases 
(80%), whereas in the remaining (20%), the disease can vary from 
moderate (15%) to severe (5%) ends of the spectrum.2 Progression 
of infection in the spectrum of moderate-to-severe disease was very 
unpredictable at the onset of the pandemic. However, as the volume 
of scientific data available has increased over the period of 6 months 
down the pandemic, the role of biomarkers in the timely triage of 
patients has gained importance. In categorization of patients based 
on the extent of disease severity, biomarkers are proving to play an 
important role in optimum utilization of the resources during the 
pandemic.2 All studies till now have persistently described that, in 
severe infection by SARS-CoV-2 virus, there is underlying damage 
to organs ensued by the activation of the complement system, 
inflammatory cascades, and proinflammatory cytokines (IL-6). 
Biomarkers, therefore, help in the evaluation of cellular and organ 

damage caused by SARS-CoV-2 virus. Therefore, these biomarkers 
play an indispensable role in not just clinical management but also 
in the timely screening of those patients who are on the trajectory 
to develop severe disease.3 The process of vasculitis results in 
thromboembolism, which in turn leads to both lung damage [acute 
respiratory distress syndrome (ARDS)] and cardiovascular (ischemia 
and pulmonary thromboembolism) and cerebrovascular damage. 
Biomarkers such as D-Dimer help in the prediction of these vascular 
complications, but they have their own limitations.4

Apart from routine investigations such as AST, markers of 
organ damage such as LDH and inflammatory mediators like 
IL-6 help in the identification of those patients who are at risk of 
development of fatal complications, especially due to cytokine 
storm, where anti-IL-6 therapy like tocilizumab are showing some 
benefit in reducing mortality.5 Markers of systemic inflammation 
such as ferritin and CRP have an important role to play in a country 
like India, where IL-6 cannot be so widely estimated due to the 
high cost of the test.2
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The biomarkers such as D-dimer, prothrombin time (PT), and 
fibrin degradation products (FDP) also play an important role 
in the prevention of complications due to the thrombotic state 
induced by SARS-CoV-2 infection. They help in the process of 
decision-making on whether anticoagulant therapy should be 
started early in the course of the disease. The biomarkers such 
as CRP, LDH, creatine kinase (CK), ferritin, and IL-6 along with 
hematological parameters, such as white blood cell count (WBC), 
neutrophil–lymphocyte ratio (NLR), and monocyte–lymphocyte 
ratio (MLR), play an important role as criteria in the classification 
of the disease process as mild, moderate, or severe.6 Recently, 
another biomarker, homocysteine, has also been reported as a 
predictor of the increased risk of cardiovascular complications in 
those patients who present with severe pneumonia on computed 
tomography scan during the first week of COVID infection.7 This 
review is directed at the current state of knowledge regarding the 
known as well as repurposed biomarkers in the assessment of the 
severity of SARS-CoV-2 infection. These have proven to play a pivotal 
role in the prediction of organ damage and thus in the prevention 
of severe complications and death.8

re v i e w re s u lts 
Laboratory parameters that are altered in COVID-19 infection 
include biochemical and hematological parameters, along with 
immunological and inflammatory markers. These values are 
significantly different in patients with mild disease compared to 
those with severe disease. These markers help in risk assessment 
and in the categorization of patients for timely clinical interventions.

Biochemical Markers
Yang et al. compared the biochemical changes in survivors and 
nonsurvivors in COVID-19 infection. They found a significant 
increase in serum levels of ferritin, total bilirubin, CK, and IL-6 in 
the latter group.9

The markers of cardiac injury (cardiac troponins) were found 
to be significantly elevated at the time of presentation in non-
survivors when compared to survivors of COVID-19 infection. This 
was also true for markers of muscular and tissue injury, such as 
LDH. In cases with multiple organ failure, there was a significant 
derangement in liver function tests (LFT) and especially in the 
elevation in AST and ALT and renal function tests (RFT). The 
RFT also showed critical elevations in blood urea nitrogen and 
creatinine levels.6 In one of the studies, it was reported that there 
were significantly higher levels of LDH, CK, N-terminal pro Brain 
Natriuretic peptide (NT-ProBNP), ALT, AST, and creatinine in the 
non-survivor group. It was also found that when compared to 
other cases of viral hepatitis where ALT levels are a marker of 
liver dysfunction, elevation in AST was a more specific maker of 
SARS-CoV-2–induced liver injury and correlated with the mortality 
risk.10 For patients with severe COVID-19 infection, levels of CRP 
(an inflammatory marker) were found to be increased. These 
levels were significantly elevated in the initial phases of infection, 
even before the appearance of critical findings in the CT. Apart 
from CRP, the severity of CT scores also correlated positively with 
erythrocyte sedimentation rate (ESR), NLR.11 Inflammatory markers 
such as ferritin were found to be significantly increased in non-
survivors when compared to survivors (mean: 4600 ng/mL and 760 
ng/mL respectively). In advanced stages of COVID-19 infection, 
there is a cytokine storm, and it is accompanied by the elevation 
in other inflammatory mediators, such as IL-2, IL-7, tumor necrosis 

factor (TNF-alfa), monocyte chemoattractant protein (MCP)-1, CRP, 
procalcitonin (PCT), and granulocyte colony-stimulating factor 
(G-CSF) along with IL-6 and ferritin.12,13 PCT was markedly raised in 
patients with severe disease. Increased PCT levels also correlated 
with a higher risk for severe SARS-CoV-2 infection (OR: 4.76).14

The hematological biomarkers that are used to categorize 
patients and in the evaluation of the risk for critical COVID 
infection include, total leukocyte count (TLC), meutrophil count, 
lymphocyte count, NLR, and platelet count. Lymphopenia was 
found to be present in 80% of patients with severe disease.9 Apart 
from lymphopenia, severe cases of COVID-19 infection tended 
to have high levels of NLR, thrombocytopenia, monocytopenia, 
and eosinopenia.6 Very low eosinophil counts at the time of 
admission were found to indicate a poor prognosis.15 The changes 
in lymphocyte population in severe COVID-19 infection included 
an increase in the number of naive T-helper cells and a decrease 
in the number of memory T-cells, along with total NK cells, T cells, 
and B cells.16 NLR has been identified as an independent risk 
factor for severe disease. NLR of 3 or more than 3, at the time of 
hospitalization, predicted a greater chance of progression to severe 
disease.17 Platelet counts were found to be significantly reduced in 
the COVID-19 patients who did not survive and was also found to be 
indicator of worsening during hospitalization. It was also observed 
that patients with a higher thrombocytes to lymphocytes ratio had 
a longer duration of hospitalization.18

Coagulation Parameters
Derangement of coagulation parameters correlated with a poorer 
prognosis. The level of D-dimer was found to be frequently elevated 
in patients with SARS-CoV-2 infection and to some extent predicted 
the progression to severe disease.19 Wang et al. had reported 
that levels of D-dimer and thrombin time were elevated in the 
nonsurvivor group, whereas aPTT was found to be lower in this 
group when compared to the survivor group. They also reported 
that more than half of the patients in their study had a prolonged 
prothrombin time (PT).20 These findings were corroborated by 
another study in which, along high D-dimer and prolonged PT, 
fibrin degradation products (FDP) were also found to be elevated 
in the non-survivor group.21

di s c u s s i o n 
The understanding of pathophysiological basis of alteration of 
various biomarkers has increased over time during the ongoing 
pandemic. The main pathophysiological mechanism for infection 
with SARS-CoV-2 is the binding of the virus to the membrane-
bound form of angiotensin-converting enzyme 2 (ACE2) and the 
subsequent internalization of the complex.22

The derangement of liver function in COVID-19 has been 
mainly attributed to the binding of SARS-CoV-2 to ACE-2–positive 
cholangiocytes, causing functional abnormalities in cholangiocyte 
function. In advanced stages of infection, the liver injury induced 
by the systemic inflammatory response leads to the elevation of 
liver enzymes.

The increase in inflammatory markers, such as CRP and Ferritin, 
mark the onset as well as progression of the systemic vasculitis 
and coagulation abnormalities, which, in turn, lead to damage to 
the vital organs. The increase in inflammatory markers such as IL-6 
mark the onset of the cytokine-storm and subsequent acute lung 
injury, leading to ARDS and eventually to multiple organ failure 
and death.13
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Procalcitonin (PCT) level is another inflammatory mediator, 
which is increased in severe infections caused by bacteria, parasites, 
and fungi that cause systemic disease leading to the production of 
procalcitonin from extra thyroid tissue.23

In contrast, interferon synthesized in response to viral infection 
suppresses the synthesis of procalcitonin by downregulation. This 
offers the advantage of procalcitonin assay to distinguish between 
bacterial infections and the systemic inflammatory response due 
to viral infections such as COVID-19.24 Therefore, the initial value of 
PCT could help in the diagnosis of severe illness.

Among hematological changes, lymphopenia correlated 
strongly with the severity of illness, especially the number of 
regulatory T-lymphocytes, which were low in such cases.25 Cytotoxic 
lymphocytes and natural killer cells play a crucial role in the control 
of the spread of viral infection. Therefore, in severe disease, there 
is exhaustion of cytotoxic T-lymphocytes which correlate with 
disease progression.26

Another hematological marker of disease severity was NLR. It 
is also an inflammatory marker and has been shown to predict the 
probability of death in various cardiovascular diseases.27 Elevation 
in NLR is due to the dysregulated expression of inflammatory 
cytokines caused by SARS-CoV-2 infection, which leads to an 
increase in neutrophils and an enhanced expression of the genes 
involved in the lymphocytic apoptotic pathway.28

It has also been postulated that COVID-19 infection can directly 
hamper normal hematopoiesis by affecting the precursors of 
various cells in the bone marrow.29 Likewise, the platelet count 
has also been found to serve as an easily available biomarker of 
the risk of mortality in COVID-19 patients in intensive care units. 
Platelet count is reduced in COVID-19 infection due to the increased 
consumption of platelets as a result of platelet aggregation and 
the formation of microthrombi due to pulmonary endothelial 
damage.30

In severe cases of COVID-19 infection, disseminated intravascular 
coagulation (DIC) occurs due to the release of cytokines from 
monocytes and endothelial cells following cell injury.

Circulating levels of free thrombin activate platelets and causes 
fibrinolysis, leading to an increase in the level of D-dimer and fibrin 
degradation products. These were found to be markedly elevated in 
all cases of death due to COVID-19. This suggests that it is a disease in 
which there is activation of coagulation, causing a rapid progression 
of the disease, which is nonresponsive to mechanical ventilation, 
and there is rapid and positive response in some critically ill patients 
given anticoagulation therapy.31

co n c lu s i o n 
Since the beginning of the pandemic, there has been a significant 
improvement in the management of patients affected by COVID-
19 due to an improved understanding of the pathophysiology and 
the biomarkers reflecting it. From the published studies, it can be 
concluded that severe SARS-CoV-2 infection can be predicted by 
alterations in hematological biomarkers, such as lymphopenia, 
neutrophilia, and an increase in NLR; biochemical markers such as 
LDH, Ferritin, CRP, and AST; and coagulation parameters such as 
D-Dimer and FDP. This is now leading to a shift in the management 
of patients based on not just clinical symptoms but also the profiles 
of these biomarkers. This helps in the early stratification of the risk 
to the patient and the optimal allocation of limited resources of 
health care, which are strained due to the large number of cases 
of SARS-CoV2.

As per changes in the levels of these biomarkers, protocols have 
now improved over the period of nearly 1 year for a more specific, 
supportive management of the patient. These measures include 
timely institution of anticoagulation therapy with low-molecular-
weight heparin and anti-inflammatory medicines such as NSAIDs 
and dexamethasone. In severe cases, IL-6 receptor blockers like 
Toclizumab have proved to be lifesaving.

For better clinical management of the patient, clinical scores 
can be developed using biomarkers and clinical parameters, which 
can help in the individualization of treatment to the patients based 
on the severity of their disease. There is a huge scope to explore 
other biomarkers that can also help in the better understanding of 
pathophysiology and management of the new corona virus that has 
affected the whole world in a very short period of time.
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