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INTRODUCTION 



 
 

Sepsis can be broadly defined as an organism's imbalanced immune response to an infection 

that ultimately damages its own organs or tissues. If this response is not detected at an early 

stage, it can lead to septic shock, that is, widespread inflammation throughout the body, which 

ultimately leads to multi-organ failure and death. There are more than 1.7 million cases of sep-

sis in the United States each year, and about 270,000 result in death. Also, of all deaths in hos-

pitals, 1 in 3 is due to sepsis. Sepsis is also a leading cause of hospital readmission. [1] 

Death from sepsis is not directly caused by invading microorganisms or pathogens; rather, the 

resulting clinical condition is caused by the dysregulation of the host's immune response lead-

ing to multiorgan dysfunction, coagulopathy and hypotension. 

When an external pathogen invades, the host's defense system attempts to control foreign or-

ganisms from spreading and multiplying in the host body. This event is followed by an inflam-

matory response that activates the clotting process and the deposition of fibrin. However, dur-

ing the overreaction of the immune system, this leads to a situation where clotting causes an-

other diseased condition in a severe form leading to microvascular thrombosis and organ dys-

function, also known as disseminated intravascular coagulation (DIC). ] 

This microvascular thrombosis is an adaptive response to infection that prevents invad-

ing pathogens present in the tissues from spreading through the systemic circulation. So 

with this thrombosis, that is, by temporarily blocking the path between the tissue and the cir-

culatory system, it prevents the entry of pathogens into the tissues of the body and in the mean-

time the immune system with the help of leukocytes removes pathogens or bacteria and repairs 

the tissues damaged. However, during acute infection, microvascular thrombosis is general-

ized, there is prolonged clotting, and extensive tissue ischemia (i.e., insufficient blood supply 

to an organ) can cause organ failure and death. This phenomenon is supported by studies 

of post mortem patients with sepsis, as they show the presence of microvascular thrombosis in 



 
 

many organs, including the lungs, adrenal glands, liver, intestines, kidneys and even the 

brain.[4] 

 

ROLE OF LYMPHOCYTES IN SEPSIS 

A lymphocyte is a WBC subtype composed primarily of Natural Killer (NK) cells (24), T cells 

(thymus) (25), and B cells (bone marrow) (26). T lymphocytes are involved in cell-medi-

ated immunity, i.e. they provide immunity by activating phagocytes, antigen-specific cyto-

toxic T lymphocytes, and release various cytokines in response to an antigen (foreign organ-

ism). 

These lymphocytes along with dendritic cells (DCs) [6] become dysfunctional during sepsis. 

During sepsis, there is extensive apoptosis of T and B lymphocytes, accompanied by pro-

found immunosuppression. [7] An increase in the number of suppressor T cells was 

also noted. Thus, for lethality associated with sepsis, it begins with apoptotic deletion of T and 

B lymphocytes followed by defective DCs, and this marks the onset of immunosuppres-

sion. Therefore, this faulty innate immune system leads to a loss of its ability to swallow bac-

teria, which equates to prolonged clotting and causes the development of multi-organ failure 

(MOF) and eventual death. Studies also show that the development of sepsis can also lead to 

redox imbalances in white blood cells (leukocytes) and organs due to the accumulation of re-

active oxygen species (ROS). This is followed by an inflammatory response (SIRS), including 

a sustained immune response and other states of immune activation in endothelial cells and 

leukocytes.[8] 

 

 



 
 

How common is sepsis and who gets it? 

Very large epidemiological studies involving up to 6 million people give an incidence of 3 

per 1000. Very few pathogens, apart from parasites like malaria, prefer to multiply in 

the blood. Thus, sepsis results from a violation of the integrity of the host barrier, physical or 

immunological, and the direct entry of the pathogen into the bloodstream, resulting in sep-

sis.[9] 

The physical barriers to host invasion are formed externally by the skin and, contiguously in-

ternally, by the mucous membranes lining the gastrointestinal, urogenital and respiratory sys-

tems and the mucous membrane of the eye. Loss of outer barrier integrity is usually evi-

dent, although careless observers may miss more subtle ruptures formed by indwelling urinary 

catheters, intravenous cannulas, or endotracheal tube. Sometimes sepsis can result from seem-

ingly insignificant interventions such as insect bites, thorn pricks, or minor skin abrasions. Loss 

of internal barrier integrity often occurs in the gastrointestinal tract, which ex-

tends from the mouth to the anus and includes the hepatobiliary system. Population per year 

or approximately 750,000 cases per year in the United States.[10] 

Genetic studies looking for genes that confer vulnerability or protection have gener-

ally been too weak to provide anything other than suggestive evidence, or have yielded con-

flicting results.[11] 

A lack of mannose-binding lectin due to mutations in the promoter or structural gene se-

quences that lead to functional or quantitative defects is associated with the development of 

sepsis, particularly pneumococcal sepsis.[12] 

How to prevent sepsis? 

The prevention of sepsis depends on the definition of the risk group and the availability of ap-

propriate interventions. Invasive pneumococcal disease in agammaglobulinemic patients 



 
 

has decreased since the advent of higher dose intravenous gammaglobulin. Vaccination to pre-

vent sepsis has been validated for certain pathogens[13] and is limited to certain indica-

tions. Vaccines against pneumococcal, influenza H type B and meningococcal groups A and C 

are routine splenectomy prophylaxis, as in many countries against influenza H type B in chil-

dren under 5 years of age and vaccine against meningococcal disease in adolescents. Pneumo-

coccal bacteremia appears to be reduced in the vaccinated population.[14] 
Maternal sepsis 

Sepsis is an important cause of morbidity and mortality during pregnancy and the postpartum 

period; approximately 1 in 1000 women who give birth will develop sepsis, with half of these 

women progressing to severe sepsis and 3-4% developing septic shock.[15] 

is a challenge in both resource-poor and resource-intensive environments; A quarter of women 

who die within 6 weeks of pregnancy in the UK die of sepsis. Globally, an estimated 11% of 

maternal deaths are caused by sepsis, with the vast majority occurring in developing re-

gions. [16] 

There are several recognized risk factors for maternal sepsis, including the presence of pre-

existing medical conditions such as anemia, febrile illness within 2 weeks prior to the diagno-

sis of sepsis, and most importantly, the mode of delivery [17]. Cesarean section and operative 

vaginal delivery are associated with severe maternal sepsis [18]. The predominant causes of 

maternal sepsis vary by time of infection; before birth, urinary tract infections account for ap-

proximately one-third of all cases of maternal sepsis, while after birth one-third of sep-

sis are due to genital tract infections [18]. In general, infections due to E. coli are the most nu-

merous, but group A Streptococcal infections are significantly associated with greater severity 

of sepsis [18]. There is good evidence that pregnant women are at increased risk of complica-

tions from certain specific infections, such as the flu, varicella zoster, and listeria. 



 
 

Pregnant and postpartum women are generally young and fit and compensate well even with 

a severe infection [19]. Therefore, the infection may be well established before a diagnosis of 

sepsis is made. Early consideration of diagnosis and therefore early detection may there-

fore be even more important in the obstetrical population. It depends on both measuring vital 

signs in an ill pregnant or postpartum woman and acting on the results.[20] 

Although pregnancy and childbirth are normal physiological processes, the presence of abnor-

mal signs or symptoms cannot be considered normal. It is important to note that symp-

toms such as severe abdominal pain, shortness of breath, and diarrhea may accompany post-

partum sepsis. In addition, maternal sepsis should always be considered as part of the differen-

tial diagnosis in a postpartum woman in shock. Although bleeding is the most common cause 

of shock in women after childbirth, possible sepsis should be investigated, especially 

when blood loss is moderate and treatment for bleeding seems ineffective. Regarding mater-

nal shock. 

It is important to be aware of the importance of having a group A streptococcal infection. Alt-

hough caesarean section and operative vaginal birth are risk factors for maternal sep-

sis, group A streptococcal infections are proportionally more common in women who 

have delivered vaginally without assistance. Group A streptococcal infection is a known risk 

factor for the development of septic shock and is associated with rapid progression of sep-

sis.[21] 

In a UK national study of severe maternal sepsis, 75% of women with group A streptococ-

cal infection had less than 9 hours from the first signs of systemic inflammatory response syn-

drome to the diagnosis of severe sepsis [18]. For 50% of women, it was less than 2 hours. As 

with sepsis in the general population, the most important management action, along with early 

recognition and diagnosis, is to establish a package of sepsis care, including timely admin-



 
 

istration of antibiotics (within 1 hour of suspected sepsis), a adequate fluid resuscita-

tion and whey measurement. 

Pediatric sepsis 

Adrienne G. Randolph Overwhelming infection is the leading cause of death in children world-

wide [22]. Infants and young children are most at risk because their immature immune systems 

are less able to repel severe pathogens [23]. Sepsis - when a patient has a systemic inflamma-

tory response to a suspected or confirmed infection [24] - is a useful construct because it must 

take the doctor to the bedside to examine the baby and determine the appropriate treat-

ment. Children who develop signs of severe sepsis with organ dysfunction, and especially those 

who develop septic shock, are most at risk for life-threatening and life-threatening complica-

tions. 

In recent years, the approach to the treatment of septic shock in pediatric patients has focused 

on the early detection of severe sepsis. This is followed by prompt treatment with antibiotics 

and aggressive treatment of shock with fluid boluses and, if refractory, vasoactive agents. 

These interventions, extrapolated from the treatment of septic adults, have been widely used as 

clinical guidelines [25]. Implementing these interventions as care packages with auditing and 

feedback can optimize clinical adherence. [26] 

Although no large multicenter randomized trials have been conducted, there is evidence 

that implementing early detection of sepsis, prompt administration of antibiotics, and intrave-

nous fluids have improved clinical outcomes. There is very strong evidence that attention to 

consistent adherence to the use of central line introducer and maintenance bundles can prevent 

nosocomial sepsis due to central line associated bloodstream infections [27 ]. Early detection 

of sepsis and aggressive treatment are necessary but not sufficient. 

Treatment of “sepsis” should rapidly progress to a specific diagnosis with targeted antibi-



 
 

otic therapy against the bacterial, viral, fungal or protozoan pathogen. The most common in-

fection in children is pneumonia, which is mainly caused by viral pathogens. Therefore, despite 

their widespread use, antibiotics are not effective for most children with a severe infection. 

With the exception of influenza, antivirals are also usually not indicated in immunocompetent 

hosts. 

Rapid implementation of strategies to reduce antibiotic use is also not without risk. Children 

with life-threatening viral infections are often co-infected with highly pathogenic bacteria. In 

recent years, methicillin Staphylococcus aureus or resistant MRSA, which was relatively rare 

in children, has taken an increasing toll; MRSA flu is a particularly lethal combination. [28] 

Sepsis in the pre-hospital setting 

Patients with sepsis are usually transported to the emergency room via EMS [29]. These pa-

tients usually have more severe sepsis and higher mortality than those who pre-

sent in other ways. As discussed in the previous sections, early identification and early treat-

ment reduce the mortality and morbidity associated with sepsis. 

With an average pre-hospital care interval of over 45 minutes for patients with sepsis, early 

intervention should take place in the pre-hospital setting. [30] 

Introduction to the diagnosis of sepsis 

The diagnosis of sepsis with traditional methods involves the process of culturing samples 

of blood, urine, cerebrospinal and bronchial fluid. In general, CRP or white blood 

cell counts serve as an indicator or clinical sign of sepsis. Blood cultures are performed in con-

tinuously monitored blood culture systems (CMBCS) and according to a set of pre-ap-

proved guidelines. [31] 

Fully automated systems are common for blood sample incubation, along with the detection 



 
 

and analysis of released CO2 and depleted O2 during the culture process. Detection is typi-

cally performed using fluorescent sensors commonly known as labeled detection tech-

niques. In addition to labeled detection, there are several other techniques to estimate the level 

of released gases, including calorimetric analysis, automatic growth detection techniques, hy-

brid techniques including: the intrinsic fluorescence method of lysis centrifugation, the method 

intrinsic rapid fluorescence for rapid and direct identification of pathogens in blood cultures. 

[32] 

Among the traditional pathogen detection techniques, there are some relatively new detec-

tion schemes, including - multiplex PCR + hybridization or microarray, PCR + mass spectros-

copy, broad spectrum PCR. These are mainly exercised on whole blood. Specialized tech-

niques are now also used for the identification and susceptibility test of positive blood cul-

tures. The use of techniques such as MALDI-TOF, Molecular POCT and their combination or 

Multiplexed PCR together with mass spectroscopy is used to increase the accuracy in the quan-

tification of pathogens. 

 

Biomarkers 

Biomarkers can increase the accuracy of any bacterial presence and are useful for tracing the 

evolution of infectious processes. New biomarkers related to infectious diseases have been 

tested in recent years, but few have overcome the hurdles of rigorous testing for use in clini-

cal practice [34]. Several biomarkers are already available for clinical use in sepsis; however, 

their effectiveness is in many cases limited by the lack of specificity and sensitivity. Other fac-

tors include the limitation to characterize the presence of infection and the complexity of in-

flammatory and immune processes to classify patients into homogeneous groups for spe-



 
 

cific treatments [35]. Many biomarkers can be used in sepsis, but none have sufficient speci-

ficity or sensitivity to be used routinely in clinical practice. PCT and CRP have 

been used most often, but even these have limited ability to distinguish sepsis from other in-

flammatory diseases or to predict outcome. Given the complexity of the sepsis response, it is 

unlikely that a single ideal biomarker will ever be found.[36] In the 1980s, many stud-

ies were conducted on C-reactive protein (CRP), an established member of the group of pro-

teins synthesized in the liver. In the 1990s, researchers discovered that levels of procalcitonin 

(PCT), the precursor to the hormone calcitonin, were elevated in patients with bacterial infec-

tion.[37] Elevations in CRP and PCT were added to the updated definition of sepsis in 2003. 

Early in the last decade, clinical guidelines for intensive "targeted" treatment of severe sepsis 

and septic shock used levels lactate levels as a guide for therapy and maintaining a lactate level 

when monitoring patients at risk of developing sepsis has become standard practice.[38] 

The term "biomarker" or "biological marker" refers to a medical condition observed from out-

side the patient that can be measured in an accurate, objective and reproducible way. This 

makes it any laboratory tool with the potential to better detect and characterize disease, simplify 

complex clinical algorithms, and improve clinical problem solving. From a clinical perspec-

tive, a biomarker should complement clinical judgment and interpretation of other diagnostic 

and prognostic tests and add information that ultimately improves patient care. An ideal bi-

omarker should have fast kinetics and high sensitivity and specificity. Furthermore, it should 

be fully automatically identifiable, have short lead times and, at best, be available as a point-

of-care test with low production costs. [39] 
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In a study by Denise Battaglini et. al 2022 

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) causes a wide range of clin-

ical manifestations, ranging from mild respiratory symptoms to pneumonia and, in more severe 

cases, multiple organ failure[40]. Mechanisms underlying multisystem involvement may in-

clude an imbalanced immune response that facilitates the progression of coronavirus disease 

2019 (COVID-19). This hypothesis was confirmed by changes in laboratory bi-

omarkers showing a greater potential for abnormal immune response, mainly an increase in the 

number of neutrophils and a significant decrease in the number of lymphocytes, altering 

the neutrophil/lymphocyte ratio. Such an abnormal immune response is driven by an increased 

serum concentration of many pro-inflammatory mediators. These include interleukin (IL) -

1b, IL-2, IL-6, IL-8, interferon-induced protein 10 (IFN) -g, granulocyte colony stimulat-

ing factor, monocyte chemotactic protein 1 , the inflammatory macrophage protein-

1a and among other tumor necrosis factor-a [41]. However, the inflammatory cytokine storm 

in patients with COVID-19 is less harmful than that seen in patients with sepsis or acute res-

piratory distress syndrome (ARDS), but without COVID-19 [42], raising questions about the 

mechanisms underlying the multiorgan involvement in COVID-19. 

 

ROLE OF BIOMARKERS IN THE RESPIRA-

TORY SYSTEM 

The lungs are usually the organs most affected by SARS-CoV2, due to their large, highly vas-

cular surface. [43] The pathogenesis of COVID-19 in the lungs involves an initial phase of 

local inflammation, endothelial cell damage, and antifibrinolytic activation in the upper and 

lower respiratory tract, followed by repair mechanisms that can trigger the restoration of nor-

mal lung architecture. Inflammation is followed by recruitment of platelets with degranulation, 



 
 

clot formation, impaired vascular permeability and accumulation of leukocytes at the injury 

site, leading to the recruitment of other inflammatory cells with the involvement of specific 

cytokines (i.e., IL-4, IL- 13, transforming growth factor-b) which are also responsible for pro-

fibrotic activity. [44] 

In the early course of the disease, neuron-specific enolase (NSE) can be used to distinguish pa-

tients who will develop dyspnea. On admission, higher lymphocyte and platelet counts and 

lower ferritin, D-dimer, lactate dehydrogenase (LDH), and aspartate transaminase 

(AST) were all associated with a lower risk of death in COVID-19 patients who eventually re-

quired intubation and mechanical ventilation. 45]. Levels of surfactant protein-D, angiopoi-

etin-2, trigger receptors expressed on myeloid cells (TREM)-1 and TREM-2 were found to be 

higher in mild/moderate and severe COVID-19 pneumonia /critical only in asymptomatic and 

uncomplicated cases. Moreover, these biomarkers correlated well with clinical severity.[46] In 

severe cases of COVID-19, total thiol, ferritin and LDH have been identified as prognostic bi-

omarkers for the development of ARDS. COVID-19 survivors had higher platelet counts 

and neutrophil to lymphocyte ratios and lower C-reactive protein (CRP), D-dimers, ferri-

tin, LDH and AST.[ 47] 

CARDIOVASCULAR SYSTEM 

SARS-CoV-2 can directly trigger endothelial dysfunction and cause a condition known as 

COVID-19-associated coagulopathy. After viral entry into cells, increased vascular permeabil-

ity and tissue factor expression in subendothelial cells with activation of platelets and leuko-

cytes can trigger the coagulation cascade. Endothelial damage and a generalized inflammatory 

state are factors of thrombosis, which can contribute to cardiovascular manifestations.[48] 

Acute heart failure and exacerbation of chronic heart failure are reported in up to 20-30% of 

hospitalized patients and result in high mortality rates, particularly in patients with severe 



 
 

comorbidities.[49] Recent evidence has confirmed that cardiac biomarkers, including natriu-

retic peptides (NPs) and troponins, may reflect cardiovascular involvement and inflammation 

in COVID-19 and are strongly associated with poor prognosis and mortality Other cardiac and 

non-cardiac biomarkers are common findings in COVID-19-associated cardiovascular disease, 

including creatine kinase (CK)-MB, myoglobin, D-dimer, brain natriuretic peptide (BNP) and 

its N-terminal pro-hormone (NT-proBNP), and neutrophil-to lymphocyte ratio[50] Myoglobin 

seems to offer higher prognostic precision in COVID-19 than other cardiac biomarkers (tro-

ponins and CK-MB). In addition, it has been found that the pro-adrenodullinde (MR-Proadm) 

mirror (MR-Proadm) mederégional with endothelial dysfunction and mortality in the COVID-

19 is associated, which can be an optimal biomarker to predict survival in this population of 

patients. [51] 

Coagulation in hemostasis 

Management coagulation is a well-known systemic effect of COVID-19, 

which can come from direct or indirect viral influences on endothelium or immunoshade. [52] 

The COVID-19 can cause changes in the coagulation cascade to cause coagulation and fibri-

nolysis regulation mechanisms, changing the function of thrombocytes and hyper-inflamma-

tory reaction. [53] In this context, the D-Dimer was identified among the first coagulation bi-

omarkers modified in COVID-19 and mortality is provided for approval. Likewise, plasma fi-

brinogen seems to be linked to hyperinflammation and the severity of the disease in the 

COVID-19 [54]. A coagulopathy diagnosis of COVID-19 coagulopathy has been identified, in 

particular an increased mirror of the adhesion molecule of soluble vascular cells (SVCAM) -1, 

by the Willebrand factor (VWF), thrombomodulin,  Soluble tumor necrosis factor (TNF) re-

ceptor I (sTNFRI), Heparin Sulfate, C5B9 complement, plasminogen-activator inhibitor (PAI 

) -1 and antiplasmin alpha2 among others. [55] 



 
 

Neurological participation 

Although COVID-19 rarely influences the brain as a primary manifestation, neurological com-

plications in this population of patients are common. [56] Patients with neurological compli-

cations compared to patients can occur more stays in the hospital, and the duration of mechan-

ical ventilation can be associated with the risk of developing new neurological complications. 

[57] Imaging of magnetic resonance and magnetic resonance (MRI) is considered to be the or-

deal for the detection of brain disturbances, although the use of methods which are exposed to 

ionizing radiation in the case of non Mainly in brain injured patients are only high -suspected 

neurological. Complications can be justified. [58] The use of multimodal neuromonitoring has 

received more and more attention as a means of identifying patients with a higher risk of cere-

bral strengthening, as low costs, speed, safety and preparation respect availability . However, 

the use of neuromonitoring tools is still mainly limited to specific settings (eg, intensive 

care) and patient populations. [59] 

 

Unlike imaging, blood biomarkers can detect brain damage and efficiently predict progno-

sis. Blood biomarkers for studying brain disorders include glial fibrillar acid protein (GFAP), 

neurofilament light polypeptide (NfL), tau, calcium-binding protein S100B, NSE, and inflam-

matory markers. Increased GFAP staining was found in post mortem brain tissue analysis 

of COVID-19 patients [60] and NfL was significantly associated with COVID-19 status. 

[61] Another study reported that GFAP was elevated in both moderate and severe COVID-19 

cases, while serum NfL was elevated only in severe cases compared with controls. Inflamma-

tory and coagulation markers such as D-dimer, LDH, erythrocyte sedimentation 

rate (ESR) and CRP have been independently associated with the onset of ischemic stroke in 



 
 

COVID-19, while advanced age, diabetes mellitus and hypertension are not results are signif-

icant predictors of stroke in these patients, despite being known predictors of non-COVID-19 

stroke. Levels of lymphocytes, procalcitonin, and creatinine were higher in stroke patients with 

COVID-19. [61] 

 

KIDNEY AND LIVER 

COVID-19 can cause kidney and liver damage through direct cell infection, through host im-

mune clearance and immune tolerance disturbances, endothelium-associated vasculitis, throm-

bus formation, metabolic and glucose disturbances, or hypoxia tissue. Consequently, bi-

omarkers of endothelial, renal, hepatic, vascular, or hypoxic damage can help detect new organ 

involvement and help determine prognosis. [62] About 25% of hospitalized patients with 

COVID-19 reportedly developed acute kidney injury, including low molecular weight pro-

teinuria, Fanconi syndrome, and tubular damage. [63] 

New urinary biomarkers have been proposed in COVID-19, including levels of 11-dehydro-

thromboxane B2, 8-hydroxy-2′-deoxyguanosine and liver-type fatty acid binding pro-

tein (LFABP), all of which were higher in this patient. . cohort at admission [64]. N-acetyl-b-

D-glucosaminidase, b2-microglobulin, 1-microglobulin and L-FABP, all of which are markers 

of tubular damage, were significantly associated with inflammation, as were IL-6 levels [65]. 

Indeed, another observational study confirmed the association between pro-inflammatory cy-

tokines, urinary cytokines and markers of renal damage in urine [66]. Procalcitonin was asso-

ciated with acute kidney injury in COVID-19, and a score containing simple and easily acces-

sible variables such as procalcitonin, arterial oxygen saturation and blood urea nitrogen pre-

dicted acute kidney injury. [67] 

In a study by Vanessa Catenacci et. al 2022 



 
 

With 48.9 million cases of sepsis and 11 million sepsis-related deaths in 2017, the disease has 

a mortality rate of around 22% and accounts for 19.7% of deaths worldwide [68]. In order to 

combat the high mortality rate, the surviving septicemia campaign highlights the importance 

of early therapeutic interventions and improved screening in high -risk patients. [69] 

The presentation of sepsis and the result are influenced by several factors, including the char-

acteristics of patients, causal micro-organism and infection. [69] While the current Sepsis-3 

definition uses the Sequential Organ Failure Assessment (SOFA) scale to diagnose patients, 

the use of a highly specific and sensitive diagnostic biomarker could aid timely and appropriate 

treatment. In addition, the use of SOFA and quick SOFA (qSOFA), as risk stratification mod-

els, is limited by low specifcity, and the sensitivity and specifcity of qSOFA have been shown 

to vary widely across studies.[70] 

The identification of an ideal biomarker for septicemia is a challenge due to the complex inter-

section between the pro-coagulated, pro-inflammatory and anti-inflammatory mechanisms 

in the pathology of sepsis. [71] An example of such a biomarker is protein C (PC), activated 

protein C cyrogen (APC). The APC is a glycoprotein dependent on vitamin K which circulates 

through blood plasma. [72] APC mainly called anticoagulans, the coagulation cascade regu-

lates negatively by preventing the formation of fibrin and activation of platelets and coagula-

tion by inhibiting factor V and VIII. [73] It also contributes to anti-inflammatory inflammation 

by high regulation of anti-inflammatory mediators, control of the dangerous associated associ-

ated molecular patterns and the regulation of the adhesion and migration of leukocytes. [74] In 

sepsis, the deregulation of the PC contributes to excessive thrombosis and inflammation. [75] 

 

In a study on Zobeida Cruz-Monserate and. al 2021 

Biomarkers are objective measures that can be indicators of normal biological or pathogenic 

processes or reactions in relation to therapeutic interventions for a certain disease. [76] So 



 
 

far, there is no reliable diagnostic, prognostic or therapeutic biomarker for chronic pancreati-

tis (CP). [77] The CP is characterized by chronic inflammation and progressive fibrosis of the 

pancreas, with the loss of ad cellular mass. This leads to irreversible morphologi-

cal changes, the loss of pancreatic function and an increased risk of pancreatic cancer. 

[78] The development of precise prognostic prognostic biomarkers could develop CP compli-

cations in final stages such as diabetes, exocrine insufficiency, bone diseases or pancreatic can-

cer which facilitates the development of blocking strategies, delays or slow diseases. [79] Con-

sequently, the lack of development of successful biomarkers in CP research has been a diffi-

cult objective for decades and represents an important research gap in our 

knowledge. Among biofluids and tissue biomarkers, we identified 30 potential biomarkers 

with a moderate effect size and five potential biomarkers with a large effect size. [80] 

Adenosine 

Adenosine is a metabolite of ATP hydrolysis and as such increases the metabolic stress caused 

by the disease. In CP patients, adenosine levels in urine were significantly elevated compared 

to healthy controls in a study comparing urinary metabolomics using a 1H-NMR (proton nu-

clear magnetic resonance) test. [81] 

Adiponectin 

Adiponectin is an anti-inflammatory adipokine secreted primarily by adipocytes and may re-

duce the secretion of many proinflammatory cytokines.44 However, the adiponectin data ex-

amined had mixed results; that is, in terms of distinguishing between CP and healthy controls, 

adiponectin was found to be ineffective in some studies. [82] 

Des-Leu albumin 

Des-Leu albumin is a truncated form of serum albumin devoid of the C-terminal leucine resi-

due, possibly due to the action of pancreatic carboxypeptidase-A. The des-Leu form of albumin 



 
 

was found to comprise 68% of circulating albumin in hospitalized patients with CP versus 5% 

in control patients. [83] 

Interleukin 6 (IL-6) 

IL-6 is a pro-inflammatory cytokine produced by many cell types, including macrophages and 

adipocytes. IL-6 levels are often elevated due to infections, acute or chronic inflammation, 

and cancer. [84] 

In a study by Georgios D. Kitsios et. al 2020 

Dysregulation of innate immunity is a central pathogenetic feature of the heterogeneous syn-

dromes of sepsis and acute respiratory distress syndrome (ARDS) [85]. In several independent 

populations, patients with high systemic levels of inflammatory cytokines and biomarkers of 

tissue damage (classified as a hyperinflammatory subphenotype) show worse organ dysfunc-

tion and clinical outcomes than their hypoinflammatory counterparts. [86] Many of the predic-

tive biomarkers for the damaging hyperinflammatory subphenotype (e.g. IL-6 and IL-8, solu-

ble TNFR1, procalcitonin, and receptor for advanced glycation end products [87] reflect the ca-

nonical pathways of immune cell stimulation by part of pathogens and molecular patterns as-

sociated with damage (PAMP and DAMP, respectively [88]. PAMPs include microbial nucleic 

acids as well as cell wall components such as LPS from gram-negative bacteria and fungal 1-

3-β-d-glucan (BDG).[89] 

In mechanically ventilated immunocompromised patients, airway colonization with Candida 

species indicates poorer outcome.[90] In patients suspected of having ventilator-associated 

pneumonia, Candida species in airway secretions have been associated with increased levels 

of IL-6 and procalcitonin and increased mortality.[91] Overgrowth of C. albicans in the hu-

man intestine occurs in the setting of sepsis treated with antibiotics, which increases the 

risk of secondary candidemia.[92] Dysregulation of host responses with elevated levels of cir-



 
 

culating inflammatory cytokines and immune cell activation is an important pathogenetic fea-

ture in the development of critical diseases. Unsupervised staging analyzes in patients with 

sepsis, severe pneumonia, or ARDS have revealed the presence of distinct subphenotypes char-

acterized by a cluster of hyperinflammatory versus hypoinflammatory host responses.[93] We 

observed associations of circulating BDG with innate immune responses as well as biomarkers 

of epithelial permeability. BDG can stimulate innate immunity not only through mucosal in-

teractions, but also in the bloodstream and in the reticuloendothelial system.[94] We fur-

ther showed that the magnitude of the systemic inflammatory response (represented by ST-

2) varies depending on the dectin-1 receptor genotype and that BDG in these patient samples 

was also able to stimulate the dectin-1 receptor. dectin-1 in a journalist. in vitro cellular system. 

Therefore, circulating BDG molecules may not only be a marker of a breach in the mucosal 

barrier that has found its way into the bloodstream, but also an active mediator of inflammatory 

organ dysfunction and disease severity. .[95] 

In a study by Esther Nkuipou-Kenfack et.al (2020) 

In high- and middle-income countries, millions of patients survive critical illness thanks to 

highly specialized life-sustaining management in intensive care units (ICUs). How-

ever, the cumulative mortality during the first year after leaving the ICU ranges from 26 

to 63%. [96]. Urine proteomic profiling has emerged over the past 15 years as a breakthrough 

technology that enables the discovery of disease-specific, multidimensional biomarkers indic-

ative of molecular pathogenic processes.[97] 

In a study by Rupali Patnaik et.al (2020) 

Neutrophil surface receptors recognize the bacterial antigen and thereby activate neutrophils. 

Activated neutrophils have the capacity for phagocytosis, chemotaxis, oxidative burst, and cy-

tokine production.[98] Phagocytosis is facilitated by various opsonins such as immunoglobulin 

G (IgG) and complement factors. Polymorphonuclear leukocytes (PMNs) express receptors 



 
 

for IgG opsonin binding, called Fcγ receptors. These receptors are called Fcγ receptors be-

cause they bind to a specific part of the antibody called the Fc region (constant region). Differ-

entiation Cluster 64 (CD64) is the monoclonal antibody that recognizes the neutrophil receptor 

FcγR1. To distinguish sepsis from non-sepsis, a cutoff CD64 index of 1.66 showed sensitivity 

of 100%, specificity of 95%, positive predictive value (PPV) of 96%, and predictive value neg-

ative (VPN) of 95%. To distinguish sepsis from non-sepsis, a cutoff CD64 index of 1.66 

showed sensitivity of 100%, specificity of 95%, positive predictive value (PPV) of 96%, and 

predictive value negative (VPN) of 95% . Previous studies have described CD64 expression to 

be higher in patients with Gram-negative infection.[99] 

In a study by Wenping Zhang et.al (2019) 

In developed countries, the incidence of sepsis reaches 100/100,000[100] and approximately 

2% of hospitalized patients are diagnosed upon admission.[101] MicroRNAs (miRNAs) 

are small endogenous non-coding RNAs approximately 21-25 nucleotides in length. In 1993, 

Lee [6] discovered the first miRNAs (lin-4) miRNAs in new species of Caenorhabditis. Since 

then, thousands of miRNAs have been discovered. MiRNAs can inhibit post-transcriptional 

gene expression or promote targeted mRNA degradation, but they cannot code for a pro-

tein. MiRNAs can be detected in a variety of fluids, such as blood, sweat, and urine. Whole 

panels of deregulated miRNAs have been described in the blood of patients with inflammatory 

/ infectious diseases, suggesting that circulating miRNAs may be suitable biomarkers in sepsis. 

[102] miRNAs have been used as biomarkers for various cancers since the discovery of circu-

lating miRNAs in human peripheral sera. Several circulating miRNAs have been identified as 

potential biomarkers for sepsis, but their role in infectious diseases has rarely been studied. 

[103] It has been reported that miR-150 plasma can be used as a serum biomarker to diagnose 

patients with sepsis. The expression profiles of miR-150, miR-182, miR-342-5p and miR-486 



 
 

were used to distinguish sepsis patients from healthy controls by genome-wide miRNA profil-

ing using microarray analysis of eight peripheral blood leukocytes. individuals and eight pa-

tients with sepsis. [104] In this study, miR-223-3p was highly expressed in the circulating 

blood of patients with sepsis secondary to pneumonia. Wang et al. compared miR-223 lev-

els in 50 patients with sepsis, patients with systemic inflammatory response syn-

drome (SIRS) and healthy controls. The expression level of miR-223 is increased in the blood 

of patients with sepsis and SIRS caused by infection, but not in the blood of patients with non-

infectious SIRS. [105] 

In a study by Jinle Lin et. al of 2018 

Acute respiratory distress syndrome (ARDS), characterized by permeable pulmonary edema 

and refractory hypoxemia, has a dramatic impact on morbidity and mortality.[106] Bi-

omarkers, which are often measured objectively and not influenced by personal interpreta-

tion, can facilitate rapid diagnosis and risk stratification of ARDS. Although various bi-

omarkers such as surfactant protein D (SP-D), soluble receptor for advanced glycation end 

products (sRAGE) and lung cancer (KL-6) have been studied for potential use in the diagnosis 

of ARDS, their clinical utility is not limited due to lack of distinctiveness.[107] Club cell pro-

tein (CC16), an anti-inflammatory protein primarily produced and secreted by club cells in the 

distal respiratory or terminal bronchioles, has been proposed as a biomarker of lung epithe-

lial damage.[108] Given the large blood-tissue exchange surface of lung tissue, CC16 serum is 

almost exclusively derived from the respiratory tract and is therefore considered lung-spe-

cific. Elevated circulating levels of CC16 have been observed in patients with lung dam-

age caused by inhalation of ozone, chlorine and LPS.[109] It has been proposed as a disease 

marker for pulmonary sarcoidosis, chronic obstructive pulmonary disease, and severe chest 

trauma.[110] However, it is unknown whether CC16 levels can be used in the diagnosis, clas-



 
 

sification, and prediction of ARDS outcomes, although some clinical studies suggest that cir-

culating CC16 levels are associated with the development of ARDS.[111] Elevations in serum 

or plasma CC16 levels have been documented in studies of lung injury caused by multiple eti-

ologies, including systemic sclerosis, mechanical ventilation, air pollution, pulmonary sar-

coidosis, and lung transplantation.[ 112] This study confirms that CC16 could be used as an ef-

fective diagnostic marker for ARDS. Our results showed that CC16 is an independent factor 

that can facilitate the diagnosis. Statistically discriminated CC16 values greater than 33.3 

ng/mL discriminate between ARDS and non-ARDS patients, demonstrating relatively high di-

agnostic accuracy. Although we did not compare the diagnostic value of CC16 to other bi-

omarkers in this study, previous studies have shown that CC16 has greater diagnostic abil-

ity than surfactant protein-D (SP-D), lung cancer-6 (KL-6), and soluble receptor for advanced 

glycation end products (sRAGE) for ARDS.[113] 

In a study by Marco Bo Hansen et. al of 2016 

Necrotizing soft tissue infection (NSTI) is a bacterial infection of any layer of the soft tissue 

compartments that is associated with necrosis. The condition is often accompanied by sep-

tic shock and the generalized inflammatory response is considered a major cause 

of death.[114] Delaying surgery has been shown to be an independent risk factor for mortality, 

and studies emphasize the importance of surgical debridement and early amputation of infected 

limbs.[115] Biomarkers can provide treatment guidelines and prognosis, thereby improv-

ing decision-making in patients with NSTI. To date, C-reactive protein (CRP) and procalci-

tonin (PCT) have been used to monitor the progression of infectious diseases in the intensive 

care unit (ICU).[115] 

 

Pentraxin-3 (PTX3) is a multifunctional pattern recognition molecule released at the onset of 



 
 

inflammation as part of the innate immune system by activating classical and lectin comple-

ment pathways through the specific recognition of C1q, lectin mannose-binding, ficolin-1 and 

ficolin-2 subunits.[116] An elevated level of PTX3 is associated with disease severity and mor-

tality in patients with myocardial infarction [117], ischemic stroke, cancer, acute respiratory 

distress syndrome, and sepsis. [118] PTX3 is closely related to CRP as both are members of 

the pentraxin family of proteins, and PTX3 is central to antimicrobial responses and clearance 

of cellular debris. Since PTX3 is produced locally by various cells, including monocytes, neu-

trophils, and endothelial cells, in response to tumor necrosis factor and bacterial products, it is 

reasonable to consider PTX3 as a marker of local inflammation. , detected by direct re-

lease into the bloodstream. 119] In contrast, CRP is produced in the liver in response to locally 

induced interleukin-6, while PCT expression and synthesis in response to inflammatory stim-

uli appears to be more pervasive.[120] 

In a study by Beata Mickiewicz et. al of 2015 

In children ≥ 1 year old, sepsis is the second leading cause of death in the United 

States.[121] The frequency of sepsis in children is increasing. Researchers in one study found 

an 81% increase in hospitalizations for severe sepsis between 1995 and 2005.[122] Addition-

ally, sepsis can cause significant physical, neuropsychological, and neurocognitive morbidity 

in survivors. For example, in a recent multicenter study, researchers found that 34% of survi-

vors of severe sepsis had deteriorating functional status at 28 days, and 18% had a "poor" func-

tional outcome (moderate, severe, or vegetative). ). ).[123] The vast majority (>80%) of chil-

dren requiring emergency care present to an emergency department that does not have this spe-

cialized pediatric expertise. This problem has generated “great interest in the development 

of diagnostic and stratifying biomarkers of sepsis. A systems biology approach to phenotyp-

ing biomarkers of systemic response to sepsis has the potential to provide diagnostic and pa-

tient stratification profiles that inform clinical decision making. 



 
 

In a study by James M O'Brien et. al 2005 

The authors estimate an incidence of severe sepsis at 0.54 cases / 1000 population per year, 

indicating that severe sepsis is responsible for 0.61% of all hospital admissions and 11% of all 

ICU admissions. in the Netherlands. [125] The mortality rates of patients with systemic in-

flammatory response syndrome, sepsis, severe sepsis and septic shock were 24.2%, 

33.9%, 46.9% and 52.2%, respectively [126]. 

They examined the colonization and transmission rate of coagulase-negative staphylo-

cocci in 20 intubated patients. On at least one occasion, 85% of subjects were colonized 

with coagulase-negative staphylococci and 70% appeared to be involved in at least one coag-

ulase-negative staphylococcal transfer event. [127] a patient with postoperative Pseudomo-

nas meningitis with serial They examined the rate of colonization and transmission of coagu-

lase-negative staphylococci in 20 intubated patients. At least once, 85% of subjects were colo-

nized with coagulase-negative staphylococci, and 70% appeared to have been involved in at 

least one coagulase-negative staphylococcal transmission event.[127] a patient with postoper-

ative meningitis due to Pseudomonas with serial studies of cerebrospinal fluid from the ven-

tricular and lumbar drains. Lumbar inflammation was consistently greater (higher leukocyte 

count, higher protein, and lower glucose) than seen with ventricular drains. The authors sug-

gested that diagnosis based on ventricular cerebrospinal fluid could lead to delays in detec-

tion.[128] 

Procalcitonin and C-reactive protein could distinguish between patients with and without bac-

terial infections. Among patients admitted with suspected infection, procalcitonin was signifi-

cantly higher in patients with bacteremia and septic shock. However, procalcitonin did not dis-

tinguish patients with less severe infections from those without. C-reactive protein did not pro-

vide information about the severity of infection, but differentiated between infected and unin-

fected people. 
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AIM - 

To determine diagnostics and prognostics sep-

sis biomarkers in critically care patients 

 

 

OBJECTIVE – To detect biomarkers in septic 

patients 

 

 

 

 

 

 



 
 

 

 

 

 

 

STUDY METHODOLOGY 

 

STUDY DESIGN 

SYSTAMATIC REVIEW STUDY 

STUDY SOURCE – Pubmed, google scholar , Cochrane lib-

erary and research gate data base. 
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Protein C levels were less re-

duced in sepsis survivors 

compare to non survivor and 

less reduced in septic patients 

without DIC as compared to 

those with DIC. 

5 biomarkers had a large ef-

fect size whereas 30 bi-

omarkers had a moderate ef-

fect size for distinguishing 

CP cases from other diseases 
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adverse hyper inflammatory 
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value were 
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Patients with NSTI were in-

cluded over 25 months with 

up to 2.5 year followup,71% 

had septic shock, amputation 

in 20% and mortality was 

27% plasma PTX3 level was 

higher in septic shock pa-

tients 

 

 

94 PICU sepsis , 81 ED sep-

sis and 63 ED control patients 

were included 

 

Incidence of severe sepsis of 

0.54 cases /1000 population 

/year from which 0.61% of 

hospital admissions and 11% 

of ICU admission  

 

 



 
 

DISCUSSION 
 

Sepsis is a life threatening organ dysfunction.early diagnosis in the cornerstone of sepsis 

care.Biomarkers play an important role in sepsis for diagnosis and treatmentHere we have dis-

cussed about several biomarkers which are indicators for many critical illness .Protein C bi-

omarker increases in the DIC (disseminated intravascular coagulation).Thirty five biomarkers 

with different effect sizes helps to distinguish chronic pancreatitis.Plasma 1,3-beta-D glucagon 

level predict the fungal infections.Some novel urinary biomarkers are discussed the diagnosis 

of kidney diseases.Neutrophil CD-64 is discussed which have a better diagnostic value in sep-

sis.Some other biomarkers like microRNAs, Club Cells Protein16(CC16),Pentraxin-3 etc. are 

discussed for the diagnosis and prognosis of sepsis  . 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

CONCLUSION 

 
 Laboratory biomarkers have shown significant diagnostic and prognostic value in 

COVID-19 patients. 

 Biomarker like protein C are useful in detection of Disseminated intravascular coagu-

lation. 

 Adenosine, adinopectin, interleukins help to diagnose chronic pancreatitis. 

 BDG measurements offered prognostic information in critically ill patients without fun-

gal infections. 

 Neutrophil CD64 is a useful diagnostic and prognostic biomarker of sepsis 

 MiR-223-3p could be used to predict pediatric sepsis 

 CC16 useful for ARDS. 

 Pentraxin-3 associated with septic shock ,amputation or death  

  



 
 

 

 

 

 

 

 

 

 

 

 

 

 

BIBLIOGRAPHY 

 

 

 

 

 

 

 

 

 

 



 
 

REFERENCE 

1. R. C. Bone, R. A. Balk, F. B. Cerra, R. P. Dellinger, A. M. Fein, W. A. Knaus, R. M. 

Schein, and W. J. Sibbald, “Definitions for sepsis and organ failure and guidelines for 

the use of innovative therapies in sepsis,” Chest, vol. 101, no. 6, pp. 1644–1655, 1992. 

2. M. Schouten, W. J. Wiersinga, M. Levi, and T. Van Der Poll, “Inflammation, endothe-

lium, and coagulation in sepsis,” Journal of leukocyte biology, vol. 83, no. 3, pp. 536–

545, 2008. 

3. M. Levi and H. Ten Cate, “Disseminated intravascular coagulation,” New England 

Journal of Medicine, vol. 341, no. 8, pp. 586–592, 1999.  

4.  B. Dixon, “The role of microvascular thrombosis in sepsis,” Anaesthesia and intensive 

care, vol. 32, no. 5, pp. 619–629, 2004. 

5. M. D. Cooper, “The early history of b cells,” Nature Reviews Immunology, vol. 15, no. 

3, p. 191, 2015. 

6. N. Luckashenak and L. C. Eisenlohr, “Dendritic cells: Antigen processing and presen-

tation,” in Cancer Immunotherapy (Second Edition). Elsevier, 2013, pp. 55–70.  

7.  J. S. Boomer, K. To, K. C. Chang, O. Takasu, D. F. Osborne, A. H. Walton, T. L. 

Bricker, S. D. Jarman, D. Kreisel, A. S. Krupnick et al., “Immunosuppression in pa-

tients who die of sepsis and multiple organ failure,” Jama, vol. 306, no. 23, pp. 2594–

2605, 2011. 

8. N. C. Riedemann, R.-F. Guo, I. J. Laudes, K. Keller, V. J. Sarma, V. Padgaonkar, and 

P. A. WARD, “C5a receptor and thymocyte apoptosis in sepsis,” The FASEB Journal, 

vol. 16, no. 8, pp. 887–888, 2002. 

9. 1 Read RC, Camp NJ, di Giovine FS, Borrow R, Kaczmarski EB, Chaudhary AG, et 

al. An interleukin-1 genotype is associated with fatal outcome of meningococcal dis-

ease. J Infect Dis 2000;182:1557-60 



 
 

10. Clark MF, Baudouin SV. A systematic review of the quality of genetic association stud-

ies in human sepsis. Intensive Care Med 2006;32:1706-12. 

11. Clark MF, Baudouin SV. A systematic review of the quality of genetic association stud-

ies in human sepsis. Intensive Care Med 2006;32:1706-12. 10 Hill AV. Aspects of gen 

12. Eisen DP, Dean MM, Thomas P, Marshall P, Gerns N, Heatley S, et al. Low mannose-

binding lectin function is associated with sepsis in adult patients. FEMS Immunol Med 

Microbiol 2006;48:274-82. 

13. Conterno LO, Silva Filho CR, Ruggeberg JU, Heath PT. Conjugate vaccines for pre-

venting meningococcal C meningitis and septicaemia. Cochrane Database Syst Rev 

2006;(3):CD001834 

14. Mykietiuk A, Carratala J, Dominguez A, Manzur A, Fernandez-Sabe N, Dorca J, et al. 

Effect of prior pneumococcal vaccination on clinical outcome of hospitalized adults 

with community-acquired pneumococcal pneumonia. Eur J Clin Microbiol Infect Dis 

2006;25:457-62. 

15.  Acosta CD, Knight M, Lee HC, Kurinczuk JJ, Gould JB, Lyndon A. The continuum 

of maternal sepsis severity: incidence and risk factors in a population-based cohort 

study. PLoS One. 2013;8, e67175 

16. Say L, Chou D, Gemmill A, Tuncalp O, Moller AB, Daniels J, et al. Global causes of 

maternal death: a WHO systematic analysis. Lancet Glob Health. 2014;2:e323–33. 

17.  Arulkumaran N, Singer M. Puerperal sepsis. Best Pract Res Clin Obstet Gynaecol. 

2013;27:893–902 

18.  Acosta CD, Kurinczuk JJ, Lucas DN, Tuffnell DJ, Sellers S, Knight M, et al. Severe 

maternal sepsis in the UK, 2011–2012: a national case–control study. PLoS Med. 

2014;11:e1001672. 

19. Sriskandan S. Severe peripartum sepsis. J R Coll Physicians Edinb. 2011;41:339–46. 



 
 

20.  Knight M, Kenyon S, Brocklehurst P, Neilson J, Shakespeare J, Kurinczuk J: on behalf 

of MBRRACE-UK. Saving Lives, Improving Mothers’ Care: lessons learned to inform 

future maternity care from the UK and Ireland confidential enquiries into maternal 

deaths and Morbidity 2009–2012. Oxford: National Perinatal Epidemiology Unit, Uni-

versity of Oxford; 2014 

21.  Acosta CD, Kurinczuk JJ, Lucas DN, Tuffnell DJ, Sellers S, Knight M, et al. Severe 

maternal sepsis in the UK, 2011–2012: a national case–control study. PLoS Med. 

2014;11:e1001672. 

22.  Randolph AG, McCulloh RJ. Pediatric sepsis: important considerations for diagnosing 

and managing severe infections in infants, children, and adolescents. Virulence. 

2014;5:179–89.  

23.  Bahl R, Martines J, Ali N, Bhan MK, Carlo W, Chan KY, et al. Research priorities to 

reduce global mortality from newborn infections by 2015. Pediatr Infect Dis J. 

2009;28:S43–8.  

24.  Goldstein B, Giroir B, Randolph A. International Consensus Conference on Pediatric 

Sepsis. International pediatric sepsis consensus conference: definitions for sepsis and 

organ dysfunction in pediatrics. Pediatr Crit Care Med. 2005;6:2–8. 

25. Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM, et al. Surviving 

Sepsis Campaign: international guidelines for management of severe sepsis and septic 

shock, 2012. Intensive Care Med. 2013;39:165–228 

26. Miller MR, Niedner MF, Huskins WC, Colantuoni E, Yenokyan G, Moss M, et al. Re-

ducing PICU central line-associated bloodstream infections: 3-year results. Pediatrics. 

2011;128:e1077–83. 

27.  Paul R, Melendez E, Stack A, Capraro A, Monuteaux M, Neuman MI. Improving ad-

herence to PALS septic shock guidelines. Pediatrics. 2014;133: e1358–66. 



 
 

28.  Randolph AG, Vaughn F, Sullivan R, Rubinson L, Thompson BT, Yoon G, et al. Crit-

ically ill children during the 2009–2010 influenza pandemic in the United States. Pedi-

atrics. 2011;128:e1450–8. 

29. Gray A, Ward K, Lees F, Dewar C, Dickie S, McGuffie C, et al. The epidemiology of 

adults with severe sepsis and septic shock in Scottish emergency departments. Emerg 

Med J. 2013;30:397–401 

30. Seymour CW, Rea TD, Kahn JM, Walkey AJ, Yealy DM, Angus DC. Severe sepsis in 

pre-hospital emergency care: analysis of incidence, care, and outcome. Am J Respir 

Crit Care Med. 2012;186:1264–71. 

31. P. Wayne, “Principles and procedures for blood cultures; approved guideline, clsi doc-

ument m47-a,” Clinical and Laboratory Standards Institute (CLSI), 2007 

32.  J. D. Walsh, J. M. Hyman, L. Borzhemskaya, A. Bowen, C. McKellar, M. Ullery, E. 

Mathias, C. Ronsick, J. Link, M. Wilson et al., “Rapid intrinsic fluorescence method 

for direct identification of pathogens in blood cultures,” MBio, vol. 4, no. 6, pp. e00 

865–13, 2013. 

33.   N. Mancini, S. Carletti, N. Ghidoli, P. Cichero, R. Burioni, and M. Clementi, “The era 

of molecular and other non-culture-based methods in diagnosis of sepsis,” Clinical mi-

crobiology reviews, vol. 23, no. 1, pp. 235–251, 2010 

34. A. Dupuy, F. Philippart, Y. Pean et al., “Role of biomarkers in the management of 

antibiotic therapy: an expert panel review. I: currently available biomarkers for clinical 

use in acute infections,” Annals of Intensive Care, vol. 3, no. 22, article 1, 2013 

35.  R. S. Samraj, B. Zingarelli, and H. R. Wong, “Role of biomarkers in sepsis care,” 

Shock, vol. 40, no. 5, pp. 358–365, 2013. 

36.  C. Pierrakos and J. L. Vincent, “Sepsis biomarkers: a review,” Critical Care, vol. 14, 

no. 1, article R15, 2010. 



 
 

37.  W. Karzai, M. Oberhoffer, A. Meier-Hellmann, and K. Reinhart, “Procalcitonin—a 

new indicator of the systemic response to severe infections,” Infection, vol. 25, no. 6, 

pp. 329–334, 1997.  

38.  E. Rivers, B. Nguyen, S. Havstad et al., “Early goal-directed therapy in the treatment 

of severe sepsis and septic shock,” New England Journal of Medicine, vol. 345, no. 19, 

pp. 1368–1377, 2001. 

39.  van Engelen TSR, Wiersinga WJ, Scicluna BP, van der Poll T. Biomarkers in Sepsis. 

Crit Care Clin 2018;34(01):139–152 

40.  Robba C, Battaglini D, Pelosi P, Rocco PRM. Multiple Organ Dysfunction in SARS-

CoV-2: MODS-CoV-2. Expert Rev Respir Med (2020) 14:865–8. doi: 

10.1080/17476348.2020.1778470 2.  

41. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical Features of Patients 

Infected With 2019 Novel Coronavirus in Wuhan, China. Lancet (2020) 395:497–506. 

doi: 10.1016/S0140-6736(20)30183-5 

42. Leisman DE, Ronner L, Pinotti R, Taylor MD, Sinha P, Calfee CS, et al. Cytokine 

Elevation in Severe and Critical COVID-19: A Rapid Systematic Review, Meta-Anal-

ysis, and Comparison With Other Inflammatory Syndromes. Lancet Respir Med (2020) 

8:1233–44. doi: 10.1016/S2213-2600 (20)30404-5 

43. Lopes-Pacheco M, Silva PL, Cruz FF, Battaglini D, Robba C, Pelosi P, et al. Pathogen-

esis of Multiple Organ Injury in COVID-19 and Potential Therapeutic Strategies. Front 

Physiol (2021) 12:593223. doi: 10.3389/ fphys.2021.593223 

44.  Vianello A, Guarnieri G, Braccioni F, Lococo S, Molena B, Cecchetto A, et al. The 

Pathogenesis, Epidemiology and Biomarkers of Susceptibility of Pulmonary Fibrosis 

in COVID-19 Survivors. Clin Chem Lab Med (2022) 60:307–16. doi: 10.1515/cclm-

2021-1021 



 
 

45.  Topp G, Bouyea M, Cochran-Caggiano N, Ata A, Torres P, Jacob J, et al. Biomarkers 

Predictive of Extubation and Survival of COVID-19 Patients. Cureus (2021) 

13:e15462. doi: 10.7759/cureus.15462 

46.  Alay H, Laloglu E. The Role of Angiopoietin-2 and Surfactant Protein-D Levels in 

SARS-CoV-2-Related Lung Injury: A Prospective, Observational, Cohort Study. J Med 

Virol (2021) 93:6008–15. doi: 10.1002/jmv.27184 

47.  Topp G, Bouyea M, Cochran-Caggiano N, Ata A, Torres P, Jacob J, et al. Biomarkers 

Predictive of Extubation and Survival of COVID-19 Patients. Cureus (2021) 

13:e15462. doi: 10.7759/cureus.15462 

48. Gorog DA, Storey RF, Gurbel PA, Tantry US, Berger JS, Chan MY, et al. Current and 

Novel Biomarkers of Thrombotic Risk in COVID-19: A Consensus Statement From 

the International COVID-19 Thrombosis Biomarkers Colloquium. Nat Rev Cardiol 

(2022), 1–21. doi: 10.1038/ s41569-021-00665-7 

49.  Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical Course and Risk Factors for 

Mortality of Adult Inpatients With COVID-19 in Wuhan, China: A Retrospective Co-

hort Study. Lancet (2020) 395:1054–62. doi: 10.1016/ S0140-6736(20)30566-3 

50.  Cipriani A, Capone F, Donato F, Molinari L, Ceccato D, Saller A, et al. Cardiac Injury 

and Mortality in Patients With Coronavirus Disease 2019 (COVID-19): Insights From 

a Mediation Analysis. Intern Emerg Med (2021) 16:419–27. doi: 10.1007/s11739-020-

02495-w 

51. Garcıa de Guadiana-Romualdo L, Mart  ́ınez Mart ́ ınez M, Rodr  ́ıguez Mulero ́ MD, 

Esteban-Torrella P, Hernández Olivo M, Alcaraz Garcıa MJ, et al. ́ Circulating MR-

proADM Levels, as an Indicator of Endothelial Dysfunction, for Early Risk Stratifica-

tion of Mid-Term Mortality in COVID-19 Patients. Int J Infect Dis (2021) 111:211–8. 

doi: 10.1016/ j.ijid.2021.08.058 



 
 

52. Robba C, Battaglini D, Ball L, Valbusa A, Porto I, Della Bona R, et al. Coagulative 

Disorders in Critically Ill COVID-19 Patients With Acute Distress Respiratory Syn-

drome: A Critical Review. J Clin Med (2021) 10:140. doi: 10.3390/jcm10010140 

53.  Lopes-Pacheco M, Silva PL, Cruz FF, Battaglini D, Robba C, Pelosi P, et al. Patho-

genesis of Multiple Organ Injury in COVID-19 and Potential Therapeutic Strategies. 

Front Physiol (2021) 12:593223. doi: 10.3389/ fphys.2021.593223 

54.  Sui J, Noubouossie DF, Gandotra S, Cao L. Elevated Plasma Fibrinogen Is Associated 

With Excessive Inflammation and Disease Severity in COVID-19 Patients. Front Cell 

Infect Microbiol (2021) 11:734005. doi: 10.3389/ fcimb.2021.734005 

55.  Fernández S, Moreno-Castaño AB, Palomo M, Martinez-Sanchez J, Torramadé-Moix 
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