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A B ST R AC T 
 

 

Up to the present date, according to the official reports of the World 

Health Organization (WHO), 205,338,159 patients have been confirmed 

with the coronavirus disease (COVID-19) and 4,333,094 have died as a 

consequence of this infectious disorder.  

The majority of COVID-19 patients will develop hematological, 

biochemical, immunological, hormonal and other complex alterations of 

their laboratory data which may be diagnosed using different 

biomarkers.  

In this paper, we review the alterations of the hematology, immunology, 

biochemistry, hormonal and other laboratory panels discovered in the 

subjects diagnosed with SARS-CoV-2 infection, based on the available 

data in the literature.   
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Introduction  

Up to the present date, according to the official reports 

of the World Health Organization (WHO), 205,338,159 

patients have been confirmed with Coronavirus Disease 

2019 (COVID-19) and 4,333,094 have died as a 

consequence of this infectious disorder [1]. Based on the 

available laboratory data, the patients who experienced 

severe COVID-19 forms displayed significant elevation in 

serum pro-inflammatory cytokine levels via the 

development of a cytokine storm [2-5]. In elevated 

concentrations, pro-inflammatory cytokines can cause 

shock and tissue damage in the liver, heart, and kidneys, as 

well as multiple organ dysfunction syndrome (MODS) and 

respiratory failure. Even though the majority of COVID-19 

patients had mild to moderate symptoms, almost 15% of 

them may develop severe pneumonia at some point. Out of 

these, close to 5% might develop acute respiratory distress 

syndrome (ARDS), MODS, or septic shock [6]. 

In COVID-19, the clinical evolution may be divided 

into three separate stages, based on the severity of the 

disease, namely "the early infection," "the pulmonary 
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phase," and "the hyper-inflammation phase," each of which 

being marked by distinct biochemical alterations [7]. 

During the initial stages, SARS-CoV-2 infects the ciliated 

bronchial epithelial cells as the virus infiltrates the lung 

parenchyma and interacts with the angiotensin-converting 

enzyme 2 (ACE2) receptor, which is present in large 

amounts on the surface of pneumocytes [8]. Most patients 

show several non-specific symptoms at this point, such as 

fever and dry cough, which are associated with an initial 

inflammatory response triggered by the innate immunity 

via the involvement of monocytes and macrophages [9]. 

The pulmonary phase, marked by viral pneumonia and 

localized inflammation in the lungs, is when the majority 

of the patients will require hospitalization. The third and 

the most severe stage of COVID-19 is marked by systemic 

inflammation, in particular the so-called "cytokine storm", 

and it can finally lead to MODS and ARDS. At this point, 

most of the patients should be transferred to the Intensive 

Care Unit (ICU) [3]. 

The Clinical Blood Sciences Laboratory (CBSL) plays 

an important role in the monitoring and treatment of 

COVID-19. CBSL testing should be performed on a 

regular basis to ensure that the best medical decisions are 

made. The majority of COVID-19 patients will develop 

hematological, biochemical, immunological and other 

complex alterations of their laboratory data which may be 

diagnosed using different circulating biomarkers, as 

pointed out in Figure 1 [10]. 

 
Figure 1. COVID-19 is associated with complex 
laboratory alterations, namely in the hematological, 
immunological, biochemical, hormonal and other lab 
panels. Legend: COVID-19, Coronavirus Disease 2019. 

Discussion 

Hematological findings and inflammation markers in 

COVID-19 

Patients diagnosed with COVID-19 experience 

complex hematological changes, as well as elevations in 

inflammation markers, as reported in Figure 2. 

Lymphopenia. A typical observation in patients 

suffering from COVID-19 is lymphopenia, which indicates 

a defective immune reaction to the virus [11]. According 

to a recent meta-analysis, 35% to 75% of the COVID-19 

patients experienced lymphopenia which seems a typical 

finding in the patients admitted to the ICU [12]. The 

variable frequency of lymphopenia seems to be related to 

the apparent alterations of the genetics of the virus and the 

immunological response to SARS-CoV-2, which are 

changing as the epidemic expands throughout the globe 

[13]. Lymphopenia is less prevalent in children and it has 

been reported as low as 3% based on a meta-analysis of the 

Chinese COVID-19 pediatric cases [14]. 

Eosinopenia. According to a Chinese study carried out 

by Zhang et al. (2020) on 140 hospitalized COVID-19 

patients, eosinopenia was detected in 52.9% of the cases. 

The same research confirmed a positive association of 

eosinophil and lymphocyte counts in the peripheral blood 

and we may thus hypothesize that these two variables can 

be employed as markers in the diagnosis of COVID-19 in 

both symptomatic and asymptomatic patients [15]. 

Leukocytosis. Leukocytosis has been reported in 

11.4% of COVID-19 cases in the settings of bacterial 

infection or superinfection [11]. 

Neutrophilia. Neutrophilia can also occur in COVID-

19 and it reflects an elevation of cytokines, an exaggerated 

inflammatory response and/or it can also be a sign of a 

bacterial illness [4,11]. Neutrophilia seems a more frequent 

finding in patients admitted to the ICU [16]. 

Thrombocytopenia. A percentage of 55% of COVID-

19 patients displayed thrombocytopenia, which has been 

linked to a higher risk of hospital death [17]. In particular, 

57.7% of the severe and 31.6% of the mild cases were 

diagnosed with this laboratory abnormality [11]. The 

evaluation of the number of thrombocytes in conjunction 

with the degree of hypoxemia are critical examinations in 

the assessment of severe COVID-19 cases [18]. 

Hemostasis. Pneumonia, viral sepsis, disseminated 

intravascular coagulation (DIC) and MODS often ensue in 

individuals with severe COVID-19 [19]. In such instances, 

the following hemostasis-coagulation abnormalities have 

been described. 

D-dimer levels. Elevated D-dimer levels are a 

characteristic feature of COVID-19 cases with subsequent 

coagulopathy [20].  Guan et al. (2020) reported that D-

dimer levels in COVID-19 were equal or higher than 0.5 

mg/L in 46% of the patients [21]. Huang et al. (2020) also 

evidenced that in the COVID-19 subjects who were 

admitted in the ICU, the D-dimer levels were markedly 

elevated versus non-ICU cases [2]. Similarly, Zhou et al. 

(2020) estimated that the risk of death increased 18 times 

when D-dimer levels were >1 mg/L [22]. 

Prothrombin time (PT), activated partial 

thromboplastin time (APTT), and fibrin degradation 
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products (FDP). FDP concentrations were elevated, 

whereas PT and APTT were prolonged in 138 subjects who 

died from COVID-19 pneumonia when compared to the 

counterparts who survived the disease [19]. Similarly, the 

subjects who died from COVID-19 had significantly lower 

fibrinogen and antithrombin levels during hospitalization, 

whereas FDP levels were significantly higher during late 

hospitalization in all non-survivors. Thus, various 

pathophysiological mechanisms can be blamed for these 

laboratory findings: common coagulation activation, 

dysregulated thrombin generation, impaired natural 

anticoagulants or hyperfibrinolysis [19]. Moreover, other 

hematological complications, e.g., acquired coagulopathy, 

the development of antiphospholipid antibodies and the 

more frequent occurrence of thrombotic events of both 

arterial and venous nature, including cerebral infarction, 

were detected in critically-ill COVID-19 subjects [23]. 

Serum ferritin. A retrospective study on 191 COVID-

19 patients reported a remarkable serum ferritin elevation in 

non-survivors compared to survivors [23]. In SARS-CoV-2 

infected individuals who were hospitalized, an increase in 

serum ferritin was employed as a predictor of prognosis [17]. 

C-reactive protein (CRP). A percentage of 93% of 

COVID-19 subjects displayed increased CRP concentrations, 

most notably in severe forms of the infection [12].  

Procalcitonin. Procalcitonin is a prohormone that 

regulates calcium homeostasis in the body [24]. Once 

sepsis in triggered, procalcitonin levels rise, in particular in 

connection to the development of septic shock and organ 

failure that require immediate intervention [25]. During the 

initial examination, most COVID-19 patients display 

procalcitonin concentrations within the normal limit [19]. 

However, notably high concentrations of this marker have 

been linked to a 5-fold increase chance of developing a 

severe COVID-19 form [2]. 

 
Figure 2. Hematological alterations in COVID-19. 
Legend: COVID-19, Coronavirus Disease 2019. PT, 
prothrombin time. APTT, activated partial 
thromboplastin time. FDP, fibrin degradation products. 

Immunological findings in COVID-19 

IgA, IgM, IgE and IgD. A study on 87 patients found 

that IgA against the SARS-CoV-2 spike protein receptor-

binding domain (RBD) presented the highest diagnostic 

rate, namely 88.2%, at 4-10 days after the onset of the 

symptoms, followed by 76.4% for IgM and 64.7% for IgG. 

In addition, they found that in the severe forms of COVID-

19, IgA was significantly higher when compared to mild or 

moderate cases [26]. IgG and IgM were found to be 

significantly increased in moderate versus mild cases [26]. 

Yu et al. (2020) discovered that the first seroconversion for 

IgA was 2 days and 5 days for IgG and IgM. Moreover, the 

cumulative seroconversion median was 13 days for IgA 

and 14 days for IgM and IgG [27]. They reported increased 

relative levels of IgA and IgG in severe COVID-19 cases, 

which is a contrasting finding regarding IgG when 

compared to the study of Ma et al. [27]. Kowitdamrong et 

al. (2020) revealed that the patients with severe forms 

presented significantly higher anti-S1 IgA and IgG levels. 

Males, in particular, displayed a significantly higher 

SARS-CoV-2 IgG when compared to females [28]. A 

longitudinal study concluded that IgA response appears 

early after the onset of the symptoms when compared to 

IgM, and it also remains persistently higher after 38 days, 

with a peak at 20-22 days, whereas IgM starts to decline 

after 18 days with a peak at 10-12 days [29]. A 

retrospective study revealed that IgA levels were 

significantly increased versus IgG in severe COVID-19 

cases. In addition, they observed elevated anticardiolipin 

IgA concentrations which could indicate that the 

antiphospholipid syndrome-linked hypercoagulation state 

could be mediated by a strong IgA response [30]. Based on 

the data from 25 patients with severe COVID-19, it was 

unearthed that subjects who were alive at 28 days post-ICU 

admission had higher anti-S1 IgA and IgG levels upon 

admission. Additionally, it was brought to light that serum 

anti-S1 IgA was a protective factor of day-28 mortality 

after the adjustment for Sequential Organ Failure 

Assessment and age [31]. Another study unfolded that IgG, 

IgM and IgA peaked at 15-21 days after the development 

of the symptoms and IgG and IgA levels were detected up 

to 6 months after [32]. Regarding IgD, no paper has 

evaluated its concentrations in COVID-19. 

ANCA. According to a case presentation, a false 

positive SARS-CoV-2 IgM test was detected in an 82-year-

old female later diagnosed with granulomatosis with 

polyangiitis, positive for anti-neutrophil cytoplasmic 

antibody (ANCA). The authors suggested that a cross-

reaction may occur in patients with autoimmune diseases 

[33].  Another case report of a 12-year-old girl reported the 

onset of ANCA vasculitis after asymptomatic COVID-19 

infection. The authors hypothesized that the disease could 

have been triggered by the SARS-CoV-2 immune response 

[34]. Another case report of two males with COVID-19 
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delineated that glomerulonephritis (GN), a common kidney 

disorder observed in SARS-CoV-2 infection, was due to 

the development of ANCA associated autoimmune disease 

[35]. Another case presentation of a 25-year-old male 

diagnosed with COVID-19, with no history of autoimmune 

disease, outlined the development of ANCA-associated 

with GN [36]. A study on 33 patients with pneumonia 

induced by COVID-19 found no reactivity for ANCA [37]. 

Contrastingly, another research on 29 severe COVID-19 

cases revealed that 6.9% of the cases were positive for p-

ANCA and 2.9% for c-ANCA [38]. In addition, based on 

the data from 40 hospitalized COVID-19 patients, Sacchi 

et al. (2021) announced a prevalence of 25% positivity for 

ANCA in their study group [39]. 

ANA. Antinuclear antibodies (ANA) were identified in 

35.6% of the 45 patients admitted to the hospital with 

SARS-CoV-2 pneumonia in the study by Gazzaruso et al. 

(2020), suggesting an involvement of autoimmunity in 

SARS-CoV-2 infection [40]. In the case of an 18-year-old 

SARS-CoV-2 infected girl, the development of ARDS 

coincided with the onset of systemic lupus erythematosus 

and ANA positivity [41]. A clinical study on 33 patients 

out of whom 31 with interstitial pneumonia induced by 

COVID-19 found that 33% of the patients were tested 

positive for ANA [37]. A study with severe and critical 

cases of COVID-19 on 21 patients found that 50% of them 

were tested positive for ANA [42]. According to a study on 

40 patients hospitalized with COVID-19 out of whom 

57.5% tested positive for ANA, ANA positivity was 

correlated with hospitalization in the ICU [39]. Another 

research delineated a positive correlation between ANA 

levels and cardiovascular symptoms/disease in moderate 

and severe COVID-19 patients [43]. Out of the 9 children 

with COVID-19 who presented pernio-like cutaneous 

manifestations, 3 of them were tested positive for ANA 

[44]. A prospective study found that ANA detection was 

associated with the occurrence of severe complications and 

necessity for ICU admission in COVID-19 cases [45]. 

ENA. Voljdani and Kharrazian (2020) communicated 

a positivity for Extractable Nuclear Antigens (ENA) in 3 

out of the 5 samples analyzed, suggesting that cross-

reactivity between SARS-CoV-2 proteins and human 

tissues might exist and might induce autoimmune 

phenomena in COVID-19 [46]. Similarly, a 19-year-old 

female with COVID-19 who developed severe 

thrombocytopenia was also tested positive for ENA [47]. 

In a pediatric COVID-19 cohort with pernio-like cutaneous 

manifestations, ENA-positivity was detected in one patient 

who was later diagnosed with connective tissue damage 

[44]. A prospective study found that half of the COVID-19 

patients who developed ARDS were positive for ENA [45]. 

β2-microglobulin. In the case of a 60-year-old patient 

with COVID-19 who developed steroid-responsive 

encephalitis, increased β2-microglobulin (b2M) 

concentrations were found in the cerebrospinal fluid (CSF) 

at the time of presentation with akinetic mutism [48]. A 

case series of 6 patients with moderate to severe COVID-

19 and neurological symptoms demonstrated elevated b2M 

concentrations in the serum and the CSF of the subjects 

[49]. A cohort of 34 COVID-19 subjects discovered a 

linear trend between b2M levels and disease severity, 

suggesting that higher b2M in the serum could be an early 

predictor of COVID-19 outcomes [50]. 

β2-glycoprotein 1 (b2GP1) and cardiolipin. A small 

number of subjects of the 92 COVID-19 cases assessed 

displayed positivity for b2GP1, i.e., one in the early 

infection and one in the late infection group, respectively 

[51]. Karahan et al. (2020) communicated no significant 

differences in the positivity for anti-b2GP1 IgG, IgM and 

IgA between patients with/without COVID-19 [52]. A 

single-center study on 74 critically-ill patients discovered 

that 12% of the individuals had elevated 

anticardiolipin/anti-b2GP1 levels [53]. Devreese et al. 

(2020) also announced a low positivity for 

anticardiolipin/anti-b2GP1, namely 3 out of the 31 

critically-ill COVID-19 patients evaluated [54]. 

Contrastingly, a research paper on 29 severe COVID-19 

cases disclosed that 34% and 24.1% of the individuals were 

tested positive for anti-b2GP1 and anticardiolipin 

antibodies, respectively [38]. A multi-center study on 122 

patients with SARS-CoV-2 infection depicted a prevalence 

of 13.4% and 2.7% for IgG and IgM anticardiolipin 

antibodies, and of 6.3% and 7.1% IgG and IgM antibodies 

for anti-b2GP1, respectively, however no association 

between thrombotic events and the presence of 

antiphospholipid antibodies was proven [55]. In a cohort of 

122 patients, Borghi et al. (2020) depicted a prevalence of 

15.6%, 6.6% and 9%, respectively, for IgG, IgA and IgM 

anti-b2GP1, and of 15.7% and 6.6% for IgG and IgM 

anticardiolipin antibodies. Similarly, no association was 

communicated between the presence of antiphospholipid 

antibodies and the occurrence of thrombotic events [56]. In 

critical COVID-19 patients, Xiao et al. (2021) concluded 

that the prevalence of IgA and IgG anti-b2GP1 was 28.8% 

and 18.2%, whereas that for IgA anticardiolipin antibodies 

was 25.8% [57]. In 172 patients hospitalized for COVID-

19, there was a prevalence of 2.9%, 5.2% and 4.1% for IgG, 

IgM and IgA anti-b2GP1. In addition, the prevalence of 

IgG, IgM and IgA anticardiolipin antibodies was 4.7%, 

23% and 3.5% [58]. In the peripheral blood of 276 COVID-

19 patients, increased levels of c3, c4 and c5 were detected. 

When stratified by symptom severity, the individuals with 

mild and moderate symptoms had increased c3 and c4 

levels [59]. 

Complement. Tammaro et al. (2021) reported that a 

15-year-old male with COVID-19 and cutaneous acral 

lesions displayed c4d depositions at an endothelial level 

[60]. The analysis of clotted plasma adsorber from 
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COVID-19 patients found that c3 was the main component 

with a sequence coverage of 53% [61]. The same study 

found depositions of c3 cleavage products, e.g., c3c and 

c3d in renal arteries and glomerular capillaries. The 

majority of c5b-9 was found in the peritubular capillaries, 

renal arterioles, and tubular basement membrane [61]. The 

assessment of granulocytes and monocytes in COVID-19 

patients detected elevated cr3 (Complement Receptor 3) 

levels in patients with respiratory failure, with cr3 being 

suggested as a potential biomarker for disease severity 

[62]. A prospective longitudinal study with 197 COVID-

19 subjects detected higher c3a, c3c and TCC 

concentrations versus healthy controls. Moreover, c3a and 

TCC levels were elevated in ICU versus non-ICU admitted 

individuals [63]. C3a and TCC were elevated in subjects 

who developed thromboembolic events. Persistent C3a 

levels were recorded in COVID-19 who succumbed to the 

infection [63]. Other researchers depicted elevated 

Complement Factor H, I and c5 levels in the sera of 

COVID-19 patients [64]. Increased levels of sc5b-9, c5a, 

c3bc, c3bBbP and c4d, consistent with an activation of the 

whole complement system, were found in 39 COVID-19 

subjects. Increased concentrations of complement system 

markers were seen in patients with respiratory failure. 

Sc5B-9 and c4d were significantly associated with markers 

of inflammation, namely ferritin and CRP [65]. In a 61-

year-old female with COVID-19 and punctiform purpura 

on the legs, the cutaneous biopsy displayed fibrin-hematic 

thrombi with c3 deposition in the wall of the superficial 

dermal capillary plexus [66]. 

dsDNA antibodies and CPP. In 29 severe COVID-19 

subjects, no reactivity for dsDNA antibodies was detected. 

Only one individual was positive for CCP [38]. However, 

dsDNA titers were positive in an 18-year-old female 

infected with SARS-CoV-2 and a new onset of lupus was 

tested [41]. 

Hormonal changes in COVID-19 

The thyroid: T3, T4 and TSH. When compared to 

healthy counterparts, 19.56% of the COVID-19 patients 

had lower TSH and T3 levels, with lower concentrations of 

these hormones being associated with severe forms of the 

infection [67]. Similarly, decreased TSH and T3 

concentrations were recorded in patients who succumbed 

to COVID-19 versus those who recovered after the 

infection [68]. Brancatella et al. (2020) presented the case 

of an 18-year-old female who was diagnosed with COVID-

19 and had T3, T4 and thyroglobulin antibody levels above 

the upper normal limit and very low TSH levels. Thus, the 

diagnosis of subacute thyroiditis was also established [69]. 

Gao et al. (2020) depicted that severe/critical COVID-19 

cases displayed lower concentrations of TSH and T3 when 

compared to non-severe patients. Moreover, reduced T3 

levels were associated with and were said to be predictors 

of all-cause mortality in the aforementioned group [70]. A 

single center study on 287 patients hospitalized for 

COVID-19 delineated that 20.2% of the patients had low 

TSH levels and were diagnosed with thyrotoxicosis, which 

was also linked with increased IL-6 levels [71]. Of 191 

COVID-19 patients, the thyroid function was abnormal in 

13.1% of the cases and 7.3% were diagnosed with 

thyrotoxicosis. T3 displayed a decreasing trend based on 

disease severity [72]. Zhang et al. (2021) found that SARS-

CoV-2-positive individuals who were diagnosed with 

thyroid dysfunction (TD) had increased values for CPR, 

PCT, LDH, creatinine, AST and APTT when compared to 

patients without TD. TD patients were more likely to 

become critically-ill and experienced an elevated mortality 

rate [73]. Another study on 334 patients with COVID-19 

discovered no cases of thyrotoxicosis, namely 86.6% of the 

subjects displayed normal thyroid function, whereas lower 

levels of TSH were reported in the subgroup admitted to 

the ICU [74]. Güven and Gültekin (2021) found no 

difference in the TSH levels of mild and critical COVID-

19 pneumonia patients. However, critically-ill individuals 

had significantly lower levels of T3 and T4, with T3 levels 

being negatively associated with CRP values [75]. Malik 

et al. (2021) communicated that 75% of the patients with 

COVID-19 pneumonia had TD and that significantly lower 

levels of TSH and T3 were measured in the severe forms 

of the infection. The thyroid function returned to normal 

after recovery in non-critical subjects [76]. In 84 COVID-

19 hospitalized patients versus healthy subjects, decreased 

levels of T3 and TSH were registered. A percentage of 

61.9% of the COVID-19 subjects had TD which was also 

linked with elevated CRP values [77]. Sen et al. (2020) 

evaluated 60 COVID-19 cases and diagnosed 35% of them 

with TD, but concluded that there was no association 

between the thyroid function and the disease severity [78]. 

The adrenals: aldosterone, cortisol and epinephrine. 

A retrospective study demonstrated that critically-ill 

COVID-19 patients had decreased cortisol levels when 

compared to non-COVID-19 critically-ill patients, with six 

out of nine COVID-19 patients having very low 

concentrations of cortisol and meeting the criteria for the 

diagnosis of critical illness-related corticosteroid 

insufficiency (CIRCI). These differences occurred despite 

the use of antifungals and glucocorticoids [79]. Alzahrani 

et al. (2021) recorded a positive correlation between higher 

disease severity and low cortisol levels [80]. Tan et al. 

(2020) found that COVID-19 patients had an increased 

cortisol stress response and that elevated cortisol levels 

were linked to a decreased probability of survival [81]. On 

admission, cortisol concentrations and the Anxiety and 

Depression Scale scores were significantly higher in 

patients who succumbed to COVID-19 [82]. Rieder et al. 

(2020) found no difference in serum aldosterone levels on 

admission in COVID-19 cases versus controls [83]. 

Contrastingly, Villard et al. (2020) recorded elevated 
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aldosterone levels upon admission in COVID-19 cases 

who developed severe forms of the infection versus 

mild/moderate forms [84]. 

The Hypophysis: ACTH, GH, LH, FSH and prolactin. 

COVID-19 subjects displayed higher levels of prolactin 

and ACTH when compared to healthy controls. Critical 

cases, however, registered decreased ACTH levels versus 

non-critical ones, whereas no difference was observed in 

GH, FSH, LH, or TSH concentrations [85]. In females 

hospitalized for SARS-CoV-2 infection, Ding et al. (2021) 

observed increased levels of prolactin on admission versus 

healthy controls, yet LH or FSH concentrations were 

similar [86].  Male subjects with COVID-19 and non-

COVID respiratory infections registered increased LH and 

prolactin levels versus healthy controls [87]. Okçelik et al. 

(2021) reported no differences in LH and FSH between 

SARS-CoV-2-positive and negative patients [88]. 

Increased LH levels were also detected in male COVID-19 

subjects who required ICU admission and succumbed to 

the disease [89]. Ma et al. (2020) detected elevated LH 

levels in COVID-19 versus healthy subjects, but FSH 

levels were similar [90]. Li et al. (2020) found significant 

decreased concentrations of the growth hormone in non-

severe COVID patients versus healthy counterparts [91]. 

Biochemical findings in COVID-19 

Liver involvement in COVID-19 

COVID-19 patients and, in particular, those who 

experienced severe forms of the illness were reported to 

have had underlying chronic liver disease as well as 

advanced hepatic dysfunction. According to the literature, 

12% of the COVID-19 patients had pre-existing liver 

illness, and 14-53% of them had increased aspartate 

aminotransferase (AST) and alanine aminotransferase 

(ALT) values. Liver dysfunction was more pronounced in 

severe COVID-19 cases, with liver enzymes peaking at 

1,445 U/L and 7,590 U/L, respectively. Moreover, 1.8% of 

the hospitalized individuals exhibited elevated alkaline 

phosphatase (ALP) levels. However, liver dysfunction 

might have arisen either from the infection and/or it might 

have been drug-induced [92-94]. In severe cases, liver 

damage can also be caused by the inflammatory cytokine 

storm [95]. In the individuals diagnosed with COVID-19, 

alterations in liver enzymes, e.g., AST and ALT, albumin 

and bilirubin can occur. Although ACE2 receptors are 

expressed by hepatocytes and bile duct epithelial cells, no 

substantial changes in the histopathological features of 

cells have been detected in COVID-19 [3,96]. An elevation 

in ALT and AST signals the destruction of hepatocytes. 

Considering that bilirubin, prothrombin and fibrinogen are 

produced by the liver, their alterations, together with D-

dimer levels and the platelet count are indicators of the 

disease severity [10]. Gamma-glutamyl transferase (GGT) 

is a biomarker for the detection of cholangiocyte damage. 

In some COVID-19 subjects, GGT values were elevated, 

probably because ACE2 receptors are also expressed on 

cholangiocytes. This indicates that SARS-CoV-2 might be 

able to bind them directly and cause their destruction [96]. 

COVID-19-induced liver failure might also be the 

result of subsequent direct hepatocyte destruction 

produced by hepatotoxic medications, systemic 

inflammatory response, respiratory distress syndrome-

induced hypoxia or MODS [97]. Severity and poor 

outcomes were linked to elevated levels of liver 

dysfunction markers [11]. The SARS-CoV-2 virus itself 

might be a direct cause of hepatocyte destruction. About 

2% to 10% of the individuals diagnosed with COVID-19 

exhibited diarrhea, with viral ARN being detected in their 

blood and stool samples [98]. More research is needed to 

clarify whether COVID-19 exacerbates cholestasis in 

individuals with primary sclerosing cholangitis and 

primary biliary cholangitis [99]. Hepatic impairment is 

more likely generated by the cytokine storm rather than by 

the direct cytotoxic effects of SARS-CoV-2, but further 

research is needed to establish the precise pattern and the 

severity of liver injury in affected individuals [100]. Acute 

liver injury in COVID-19 patients has also been 

documented and linked to a greater death rate. ACE2 

receptors are expressed in higher amounts by type 2 

alveolar cells and are thought to be the site of viral 

entrance, but they are also present on the endothelium of 

blood vessels, the lining of the gastrointestinal tract and on 

cholangiocytes [100]. 

Kidney involvement in COVID-19 

The human kidney is a vulnerable and potential target 

for the infection with SARS-CoV-2. Severe disturbances 

in renal function are regarded as key complications of 

COVID-19 and a substantial risk factor of elevated 

mortality. Several studies have investigated the correlation 

between impaired kidney function and death in 

hospitalized COVID-19 patients [2,101,102]. 

In COVID-19 subjects suffering from pre-existing 

renal disorders, elevated serum creatinine, tubular damage, 

endothelial dysfunction and microcirculatory alterations 

might occur due to the presence of viral-induced 

circulating mediators interacting with kidney cells. As 

ACE2 receptors are also found on the surface of tubular 

cells, SARS-CoV-2 might be able to infect them directly 

[103]. The presence of ACE2 receptors has been reported 

on glomerular epithelial and parietal cells, distal tubular 

cells, smooth muscle cells and the endothelium of kidney 

interlobular arteries [104]. 

Acute kidney injury (AKI) was previously thought to 

be less common in people infected with COVID-19 (3-

9%), however it has emerged as one of the fatal 

consequences of SARS-CoV-2 infection [105,106]. AKI is 

characterized by a fast decline in the renal excretory 

function, as well as an accumulation of nitrogen 

metabolism products, e.g., urea and other clinically 
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undetectable waste products. Serum Cystatin-C detection 

may be beneficial in estimating the glomerular filtration 

rate (GFR), particularly in detecting minor changes, and 

therefore in the early diagnosis of renal failure in a range 

of renal illnesses for which the early treatment is vital 

[107]. In the critical care context, cystatin C has been 

employed to investigate the renal function and it has been 

found to be associated with mortality. Higher Cystatin-C 

levels have been shown to be independent predictors of 

death in COVID-19 and markers of poor prognosis [106]. 

Urea. The estimation of the blood urea nitrogen (BUN) 

level is an important diagnostic marker for the progression 

of kidney damage. The elevation of urea in the serum helps 

evaluate the Glomerular Filtration Rate (GFR) [108]. 

According to the results of the prospective study based on 

Cheng et al. (2020)’s COVID-19 cohort (N=701 subjects) 

from Wuhan, China, with typical clinical features of 

SARS-CoV-2 infection, a high prevalence of kidney 

dysfunction in hospitalized patients was detected, with 

more than 40% of the patients displaying typical signs of 

renal dysfunction with elevated blood urea nitrogen values 

in 13.1% of the cases. The presence of kidney injury was 

associated with a higher percentage of in-hospital mortality 

and it is considered a high-risk factor for regression [101]. 

Liu et al. (2020) conducted another study on 12,413 

patients with COVID-19 out of whom 764 (6.29%) 

demonstrated remarkable elevations of blood urea nitrogen 

on admission [109]. The metabolic pathway involved in the 

elevation of BUN following the infection with SARS-

CoV-2 has not been clearly understood. The ACE2 

receptor is also present on the epithelial cells located in the 

kidney, thus the virus can interact directly with its renal 

receptor to decrease the expression of ACE2, leading to the 

irregular activation of the renin-angiotensin-aldosterone 

system (RAAS) that significantly increases the absorption 

of water and the resorption of urea by renal tubules, 

resulting in increased BUN concentrations [110-112]. 

Moreover, BUN elevation can also signal inflammation, 

catabolism, hypovolemia-induced renal hypoperfusion, 

sepsis or decreased cardiac performance, all of which have 

been associated with adverse outcomes in COVID-19 [109, 

112-114]. 

Creatinine. Chu et al. (2020) conducted a Kaplan-

Meier analysis on hospitalized COVID-19 individuals and 

revealed that the death rate was significantly higher when 

kidney dysfunction was present, especially manifested by 

elevated baseline serum creatinine. During hospitalization, 

patients with higher serum creatinine levels were more 

likely to develop AKI (11.9%) versus subjects with normal 

baseline values (4%). The mortality rate was significantly 

higher in the individuals with elevated (33.7%) versus 

normal baseline serum creatinine (13.2%). Thus, it is 

necessary to understand the relationship between elevated 

serum creatinine and AKI in hospitalized COVID-19 

subjects [115]. Liu et al. (2020) evaluated 12,413 COVID-

19 subjects and reported that the frequency of elevated 

serum creatinine on admission was 5.22%. High serum 

creatinine and elevated BUN are viewed as risk factors for 

mortality in COVID-19 individuals who require 

hospitalization. On the contrary, COVID-19 survivors 

showed minimum variations in the standard ranges of BUN 

and serum creatinine [109]. 

Portolés et al. (2020) conducted the first large 

prospective cohort study in Europe in a tertiary hospital to 

evaluate the burden of kidney dysfunction during the 

outbreak of SARS-CoV-2 infection. On admission, 21% of 

the patients showed an elevated level of serum creatinine, 

out of whom 43.5% had been previously diagnosed with 

chronic kidney disease (CKD) stage 3 or higher. Subjects 

with normal serum creatinine who developed AKI during 

hospitalization represented 11.4% of the study group. 

Elevated mortality during hospitalization was noted in 

individuals with elevated serum creatinine (32.4%) and in 

those previously diagnosed with CKD (41.1%). The 

mortality rate was lower in patients with AKI on hospital 

admission (15.9%) and even lower in individuals with 

normal serum creatinine (5.8%). Thus, based on their 

results, CKD and elevated serum creatinine on admission 

were correlated with a greater risk of hospital death [116]. 

Cheng et al. (2020) also reported that the presence of 

kidney diseases was associated with greater in-hospital 

mortality [101].  

Uric Acid. Uric acid is considered an important kidney 

function marker. Under normal conditions, uric acid 

reabsorption and excretion by renal tubules are maintained 

in a controlled state [117]. Liu et al. (2020) conducted a 

study on 12,413 COVID-19 cases out of whom 1,422 

(11.66%) had decreased uric acid levels on admission. The 

study reported for the first time that uric acid was 

significantly lower in COVID-19 subjects with more 

severe symptoms and was associated with a higher risk of 

death [109]. This alteration might result from an abnormal 

rise in uric acid excretion due to renal dysfunction via 

inflammation or hypoxemia or due to an intensive 

uricolysis resulting from enteric dysbiosis [117]. In 

COVID-19, lower uric acid levels have also been 

correlated with the development of a cytokine storm [109, 

118,119]. 

β2-microglobulin (β2M) and β-trace protein (TP) are 

some of the new glomerular filtration markers whose levels 

seems to be linked more to the outcomes of COVID-19 

versus creatinine. Unfortunately, the lack of thoroughly 

developed GFR estimation algorithms for these new 

biomarkers limits their comparisons to cystatin C and 

creatinine [120]. Patients with increased urinary β2M and 

α1-microglobulin (α1MG) levels were less likely to be 

discharged from the hospital versus individuals with values 

within the normal limits [121]. 
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Cardiac involvement in COVID-19 

Subjects with risk factors for atherosclerotic 

cardiovascular disease (CVD) and those with long-lasting 

coronary artery disease are more likely to develop 

infections and acute coronary syndromes during the 

influenza season [122-124]. Heart failure, acute 

myocardial infarction (AMI), impaired renal function 

(which leads to troponin accumulation), myocarditis, 

cardiac arrest, arrhythmias, sepsis, septic shock, and 

pulmonary embolism can also be associated with COVID-

19 [9]. Furthermore, SARS-CoV-2 infected patients with 

pre-existing CVD were more likely to succumb to the 

infection [125]. 

Myocardial injury is indicated by elevated cardiac 

troponin levels. When compared to patients with no cardiac 

damage, Shi et al. discovered that a higher proportion of 

CVD subjects with COVID-19 required non-invasive or 

invasive mechanical breathing. Based on the particular 

SARS-CoV-2 affinity for the host ACE2 receptors, direct 

viral infection of the vascular epithelium and heart tissue 

can occur [126]. As a result, regardless of the pre-existing 

or newly diagnosed CVD, certain individuals with 

COVID-19 are more likely to develop myocarditis 

[127,128]. Guo et al. (2020) discovered that cardiac 

troponin concentrations are substantially connected to C-

reactive protein (CRP) and B-type natriuretic peptide 

values, connecting myocardial injury to inflammation 

intensity during hospitalization in patients with a 

deteriorating clinical course leading to death [129]. 

Increased cardiac troponin and brain natriuretic peptide 

(BNP)/NT-proBNP levels have been linked to a poor 

prognosis and a greater risk of death [22,125,127,130-132].  

Elevated leukocyte counts, creatinine phosphokinase 

(CPK), CRP and procalcitonin levels have been associated 

with myocardial injury [10]. Although the exact underlying 

processes are unknown, some of the several hypotheses 

proposed are: cardiac stress caused by respiratory failure 

and hypoxia, direct SARS-CoV2 infection of myocardial 

cells (via the ACE2 receptor) and indirect alterations 

induced by the systemic inflammatory response [9]. Thus, 

the evaluation of the heart damage biomarkers on hospital 

admission and their continuous monitoring during hospital 

stay may emerge as a useful technique in the early 

diagnosis of heart damage in COVID-19 patients [130]. 

Dyselectrolytemia in COVID-19 

Lippi et al. (2020) performed a pooled analysis and 

confirmed that COVID-19 severity is associated with 

lower calcium, potassium and sodium serum 

concentrations. They concluded that the electrolyte levels 

should be monitored during hospitalization to provide 

timely and effective interventions [133]. Regarding the 

chloride levels, Lippi et al. (2020) reported that there were 

no statistical differences between COVID-19 individuals 

with severe and non-severe forms [133]. Regarding the 

phosphorus levels, Zazzo et al. (2020) indicated that the 

rate of hypophosphatemia in critically-ill COVID-19 cases 

reached 44.8% [134]. Hypophosphatemia is also 

considered an independent risk factor for mortality in 

critically-ill patients [135]. 

Potassium. Potassium levels were significantly 

decreased in COVID-19 patients (up to 62%) [133,136]. It 

is known that hypokalemia aggravates ARDS and acute 

cardiac injury, a common complication of COVID-19, in 

particular in individuals suffering from lung or heart 

diseases. The mechanism of hypokalemia in COVID-19 

patients could be attributed to the binding of SARS-CoV-2 

to the ACE2 receptors which leads to a reduction in ACE2 

expression. Subsequently, there is an elevation of 

angiotensin II levels and aldosterone secretion leading to 

an increase in potassium kidney excretion [133,136,137]. 

Another contributor to electrolyte imbalance and 

hypokalemia in COVID-19 is the gastrointestinal loss as 

many individuals present to the hospital with diarrhea 

and/or nausea in 34.0% and 3.9% of the cases, respectively 

[136,138] 

Sodium (mmol/L). Hyponatremia was reported in 

patients with severe COVID-19 and up to 12% of the 

COVID-19 individuals exhibited decreased sodium levels 

[115,133,139]. In COVID-19, IL-6 might be responsible 

for electrolyte imbalances by promoting the vasopressin 

non-osmotic release. IL-6 and Na levels are reversely 

correlated and associated with the PaO2/FiO2 ratio. This 

ratio and sodium levels were significantly diminished in 

COVID-19 subjects, whereas IL-6 concentrations were 

elevated [140]. Hyponatremia was viewed as a risk factor 

for severe forms of COVID-19 and sodium concentrations 

were lower in patients who developed pneumonia versus 

those who did not [141-143]. 

Muscle involvement in COVID-19 

COVID-19 patients usually have higher levels of 

muscle injury biomarkers, e.g. myoglobin and creatine 

kinase. These alterations might arise from the direct 

influence of SARS-CoV-2 which may enter myocytes due 

to their expression of ACE2 receptors [94]. 

Vitamin D: 25(OH)D 

Vitamin D deficiency/insufficiency is a threat to global 

public health and it affects primarily inpatients and nursing 

home residents who are more susceptible to develop 

COVID-19 [2,22,144]. The S1 domain of the spike 

glycoprotein of SARS-CoV-2 has recently been discovered 

to interact with the human dipeptidyl peptidase-4 receptor 

(DPP-4/CD26), suggesting that it might be a critical 

virulence component in COVID-19 [145]. DPP-4/CD26 

receptor expression has been shown to be considerably 

decreased in vivo when vitamin D insufficiency has been 

corrected, therefore indicating a reason for vitamin D 

supplementation in COVID-19 patients [146,147]. 

Figure 3 depicts the main biochemical alterations in 

COVID-19. 
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Figure 3. Biochemical alterations in COVID-19. Legend: 

COVID-19, Coronavirus Disease 2019. AST, aspartate 

aminotransferase. ALT, alanine aminotransferase. ALP, 

alkaline phosphatase. GGT, gamma-glutamyl transferase. 

UA, uric acid. Na+, sodium. K+, potassium. Ca2+, 

calcium. Tn, troponins. CK, creatine kinase. NT-proBNP, 

N-terminal (NT)-pro hormone BNP. Cr, creatinine. BUN, 

blood urea nitrogen. 

Overall, the main lab panel changes in COVID-19 are 

depicted in Figure 4. 

 
Figure 4. The main changes in lab panels identified in 

COVID-19. Legend: COVID-19, Coronavirus Disease 

2019. PT, prothrombin time. APTT, activated partial 

thromboplastin time. FDP, fibrin degradation products. 

AST, aspartate aminotransferase. ALT, alanine 

aminotransferase. ALP, alkaline phosphatase. GGT, 

gamma-glutamyl transferase. UA, uric acid. Na+, 

sodium. K+, potassium. Ca2+, calcium. Tn, troponins. 

CK, creatine kinase. NT-proBNP, N-terminal (NT)-pro 

hormone BNP. Cr, creatinine. BUN, blood urea 

nitrogen. PCT, procalcitonin. TSH, thyroid-stimulating 

hormone. T3, triiodothyronine. 

Conclusions 

In conclusion, we have briefly summarized the main 

laboratory features of COVID-19 based on the current 

available evidence. Future and preferably prospective 

studies conducted on large cohorts of subjects diagnosed 

with SARS-CoV-2 infection are needed to clarify and 

confirm the alterations in the hematological, 

immunological, biochemical, hormonal and other lab 

panels discovered in this infectious disease. 

COVID-19 remains a multifaceted disease, with 

atypical presentations depending on the age of the patient 

and the different viral variants circulating in nature, 

whereas its evolution might sometimes be marked by the 

development of cardiovascular and/or neurological 

complications to name a few, and thromboembolism at 

different sites in the body in particular [148-152]. 

Moreover, seeking additional risk factors for thrombosis, 

e.g., active solid or blood cancers, the history of thrombotic 

complications or use of drugs which favor the development 

of such complications, in addition to applying prediction 

scores dedicated to COVID-19, is of paramount 

importance in the management of the individuals 

diagnosed with SARS-CoV-2 infection [153-155]. The 

investigation of the best available therapy to treat COVID-

19, including the evaluation of the potential benefits of 

natural products, in addition to mass vaccination, are 

current strategies to counteract and manage the 

management of this infection [156-157]. In addition, the 

pandemic has forced us to revisit relatively neglected 

topics in the near past, such as the mental health of both 

healthcare workers and patients alike which should be 

evaluated periodically to reduce the risk of burnout, as well 

as the future of online versus on-site medical education 

[158-159].  
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