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Pathologic Difference between Sepsis and
Bloodstream Infections
Luis E. Huerta1* and Todd W. Rice1

Background: Sepsis, defined as life-threatening organ failure caused by a dysregulated host response
to infection, is a major cause of morbidity and mortality in hospitalized patients. Understanding the
features that distinguish sepsis from bloodstream infections (and other types of infection) can help
clinicians appropriately and efficiently target their diagnostic workup and therapeutic interventions,
especially early in the disease course.
Content: In this review, sepsis and bloodstream infections are both defined, with a focus on recent
changes in the sepsis definition. The molecular and cellular pathways involved in sepsis pathogenesis
are described, including cytokines, the coagulation cascade, apoptosis, and mitochondrial dysfunction.
Laboratory tests that have been evaluated for their utility in sepsis diagnosis are discussed.
Summary: Sepsis is defined not only by the presence of an infection, but also by organ dysfunction
from a dysregulated host response to that infection. Numerous pathways, including proinflammatory
and antiinflammatory cytokines, the coagulation cascade, apoptosis, and mitochondrial dysfunction,
help determine if a bloodstream infection (or any other infection) progresses to sepsis. Many biomarkers, including C-reactive protein, procalcitonin, and lactic acid have been evaluated for use in sepsis
diagnosis, although none are routinely recommended for that purpose in current clinical practice.
While some laboratory tests can help distinguish the 2, the presence of organ dysfunction is what
separates sepsis from routine infections.

IMPACT STATEMENT
This review article gives readers a broad overview of the distinction between sepsis and bloodstream infections, focusing on the pathophysiology of sepsis and the utility of several laboratory
tests in distinguishing the 2. Recent developments, including major changes in the sepsis definition,
are also discussed. This article also serves as a useful reference for those wishing to understand
current theories of sepsis pathophysiology.
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Table 1. Sepsis definitions.
Description
Original sepsis definition (5)
Original sepsis criteria (5)

Sepsis-3 definition (9)
Sepsis-3 criteria (9)

Systemic inflammatory process occurring in response to an infection
Two or more of the following in the setting of an infection:
Temperature <36 °C or >38 °C
Heart rate >90 beats/minute
Respiratory rate >20 breaths/minute or PaCO2 <32 mmHg (<4.3 kPa)
White blood cell count <4000 cells/mm3 or >12000 cells/mm3 or >10%
immature neutrophils (bands)
Life-threatening organ dysfunction caused by a dysregulated host
response to infection
Increase in the SOFA score of at least 2 points from baseline in the
setting of an infection

BACKGROUND
Sepsis, and its more severe manifestation, septic
shock, is a major healthcare problem in the US. As
of 2014, an estimated 1.5–1.7 million adults in the
US are hospitalized annually for sepsis, with
270000 annual attributable deaths (1, 2). Each individual sepsis hospitalization is estimated to cost
about $35000, leading to an estimated annual
cost of almost $60 billion in the US alone (3). Globally, 31.5 million cases of sepsis are estimated to
occur annually, with 5.3 million deaths attributed
to it (4).
Not all infections result in sepsis; therefore, a
precise definition is needed to identify septic patients, particularly given its high morbidity and
mortality. As a result of an improved understanding of its pathogenesis, the definition of sepsis has
changed substantially in recent years. In 1991, sepsis was formally defined as the presence of an inflammatory response to infection, requiring the
presence of at least 2 out of the 4 systemic inflammatory response syndrome (SIRS)2 criteria in the
setting of an infection (5). This definition was
broadened to include markers of organ dysfunction in the early 2000s, but the SIRS criteria remained part of the formal sepsis definition until
recently (6).
In 2016, the sepsis definition was significantly
modified to incorporate a more modern understanding of the disease. By this time, it had become

clear that an inflammatory response could be part
of a normal response to infection and by itself did
not necessarily indicate sepsis. Furthermore, the
SIRS criteria had been found to be a poor marker
of sepsis, lacking both sensitivity and specificity. In
fact, almost half of all hospitalized patients have ≥2
SIRS criteria present at least once during their hospitalization, many for reasons unrelated to infection (7). Despite such a high prevalence of SIRS in
hospitalized patients, another study of over 100
intensive care units found that 12% of patients
with sepsis were not detected by the SIRS criteria
(8). As a result, sepsis was redefined in 2016 as a
“life-threatening organ dysfunction caused by a
dysregulated host response to infection” (9), with
organ dysfunction identified on the basis of an increase of at least 2 points in the sequential organ
failure assessment (SOFA) score, a marker of severity of illness incorporating various clinical and
laboratory measures, including creatinine, platelet
count, total bilirubin, and the partial pressure of
oxygen in arterial blood (10) (Table 1). This definition of sepsis incorporating organ dysfunction is
very similar to the prior concept of severe sepsis,
which denoted a subset of septic patients with evidence of organ dysfunction. As a result, the distinction between sepsis and severe sepsis was
eliminated from the 2016 sepsis definitions, with
those patients previously considered to have
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severe sepsis now categorized as patients with
sepsis.
Septic shock, a more severe manifestation of infection, is considered to be “a subset of sepsis in
which particularly profound circulatory, cellular,
and metabolic abnormalities are associated with a
greater risk of mortality than with sepsis alone” (9).
Clinically, this definition was operationalized as patients with “a vasopressor requirement to maintain
a mean arterial pressure of 65 mmHg or greater
and serum lactate concentration <2 mmol/L (>18
mg/dL) in the absence of hypovolemia” (9), reflecting the more recent concept that lactate is not
simply a marker of poor perfusion but also an indication that mitochondrial dysfunction is present.
While sepsis and bloodstream infection are often used interchangeably in nonmedical literature,
the 2 terms refer to different concepts. A bloodstream infection refers to a pathogenic organism
in the bloodstream that causes disease. It is typically defined by the growth of a pathogenic organism in culture or by the growth of an atypical
organism in combination with symptoms of infection (11). If that organism is a bacterium, the bloodstream infection is called bacteremia. While
bloodstream infections, like any other infection,
can ultimately lead to a dysregulated immune response, sepsis is not the inevitable result of a
bloodstream infection. In many cases, the pathogen is controlled before a dysregulated host response and organ dysfunction develop, and sepsis
never occurs. Furthermore, not all cases of sepsis
are due to bloodstream infections. In fact, bloodstream infections cause only 25%–30% of sepsis
cases (12).
Clinically, symptoms of both sepsis and bloodstream infections are varied and nonspecific.
Symptoms in both groups of patients include fever, chills, and malaise. More focal symptoms may
also develop depending on the site of infection.
For example, a patient with pneumonia leading to
bloodstream infection may have a productive
cough, while one with a urinary tract infection may
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develop painful urination. Once an infection has
progressed and sepsis has developed, symptoms
of organ dysfunction develop, including confusion,
decreased urination, and shortness of breath,
among many others, depending on the specific organs affected.

PATHOPHYSIOLOGY
Ideally, the body's immune system clears a
bloodstream infection without any complications.
In patients who develop sepsis, however, a dysregulated host response leads to organ dysfunction. On a cellular and molecular level, progress
has been made in delineating the specific dysregulated pathways. This work has made it clear that
there is not 1 specific “sepsis pathway.” Rather, numerous interrelated molecular pathways contribute to the development of sepsis.
The host response to infection begins with
pathogen recognition by the innate immune system. Receptors from several families, the best
known of which are the toll-like receptors, recognize structures on the surface of pathogens known
as pathogen-associated molecular patterns, which
are preserved across many pathogen species (13).
These receptors are located on multiple immune
cell types, including dendritic cells, macrophages,
and some epithelial cells.
Inflammation
After a pathogen-associated molecular pattern
binds to a host cell receptor, proinflammatory cytokines such as tumor necrosis factor α (TNF-α),
interleukin (IL) 1, and IL6 are released by the cell
(13). These cytokines recruit additional immune
cells, including neutrophils and macrophages. In a
healthy response to infection, these recruited cells
eliminate pathogens through phagocytosis and
the release of cytotoxic substances such as reactive oxygen species, resulting in clearance of the
infection with minimal tissue damage. In sepsis,
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however, an excessive inflammatory response results in these cells releasing large amounts of reactive oxygen species, damaging neighboring
tissues. Furthermore, host cells damaged by the
body's response release their own proinflammatory cytokines in response to the damage. This response leads to a positive feedback loop of
progressive inflammation, with further recruitment of immune cells and additional tissue damage. This proinflammatory pathway was initially
thought to be the sole driver of sepsis, and various
inhibitors of either the individual components of,
or the overall, inflammatory response were tested
as treatments for sepsis (14). After some success in
improving outcomes in animal models of sepsis,
multiple randomized trials in humans with sepsis
and/or septic shock were undertaken. These trials
were unable to demonstrate improvement in mortality or other clinical outcomes (14). More recently,
other molecular pathways have been found to
contribute to sepsis pathogenesis, potentially explaining the negative results when targeting only
the proinflammatory pathway.
Paradoxically, the antiinflammatory response is
also prominently involved in sepsis. Researchers
have discovered that antiinflammatory cytokines,
including IL10, are released in response to infection, directly or indirectly downregulating the concentrations of proinflammatory cytokines (13).
These antiinflammatory cytokines also contribute
to an increase in regulatory T cells and antiinflammatory activity from phagocytes (13). A healthy antiinflammatory response serves to limit excessive
host inflammation and therefore prevents damage
to host tissues. In sepsis, however, the antiinflammatory response may suppress the immune system before recovery from the initial infection,
leading to immune suppression and a vulnerability
to secondary infections. In addition, the antiinflammatory response may also be prolonged, continuing long after sepsis has resolved and the infection
is cleared. This prolonged response also increases

the risk of secondary infections, often later in the
hospital course.
Coagulation
Noninflammatory pathways also contribute to
sepsis, including the coagulation cascade. Specifically, sepsis leads to increased tissue factor activity
and a resulting increase in fibrin deposition (15). At
the same time, an increase in plasminogen activator inhibitor-1 (PAI-1) leads to a decrease in fibrinolysis (15). The increase in fibrin deposition and
decrease in fibrin breakdown overall lead to a prothrombotic state. Normally, activation of the coagulation system in response to infection leads to
bacterial trapping and limits the delivery of oxygen
and nutrients to the affected area, preventing
pathogens from spreading and multiplying (15). In
septic patients, however, dysregulated activation
of the coagulation system leads to areas of thrombosis extensive enough to cause organ damage.
This results in a sepsis-associated coagulopathy,
with alterations in components of the coagulation
system such as thrombocytopenia (low platelet
count), abnormalities in coagulation factors (increased prothrombin or partial thromboplastin
time), or increased fibrin split products. In extreme
cases, sepsis can lead to disseminated intravascular coagulation, in which excess thrombosis leads
to consumption of the body's coagulation factors
and in which all the aforementioned alterations in
coagulation system components are present simultaneously. This activity results in both thrombosis and hemorrhage throughout the body.
Apoptosis
Apoptosis, or programed cell death, is also dysregulated in septic patients, particularly within the
immune system. Humans have a baseline level of
lymphocyte apoptosis useful for regulating autoreactive cells (16). In infected patients, this baseline
level of apoptosis increases late in the course of
infection, helping terminate the proinflammatory
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response and preventing additional damage to the
patient. Septic patients, however, have a highly
upregulated lymphocyte apoptosis, suppressing
their overall immune response and increasing
their vulnerability to secondary infections (16). In
contrast, neutrophil apoptosis is delayed in patients with an inflammatory response (17). While
increased neutrophil activity allows neutrophils
more time to eliminate pathogens in those with a
healthy response to infection, it contributes to
worsening inflammation and tissue damage in
septic patients whose response to infection is already dysregulated.
Mitochondrial dysfunction
Mitochondrial dysfunction is another distinguishing characteristic of sepsis. In sepsis, the increase in production of reactive oxygen species
leads to diffuse mitochondrial damage, even in the
absence of widespread cell death (18). This damage has been noted in animal and human experiments to be present in multiple tissues, including
skeletal muscle, liver, heart, and kidneys (19). Mitochondrial protein expression is also downregulated through cytokine signaling (18). Affected cells
decrease their energy expenditure and enter a
state similar to hibernation. While there is some
controversy over the degree to which this cellular
“hibernation” is pathogenic vs adaptive vs merely a
marker of the severity of disease, it is generally felt
to contribute to the organ dysfunction seen in
sepsis (20).
Pathway interactions
These various pathways do not exist in isolation.
Rather, complex interactions between them determine the host response to infection and thus
whether organ dysfunction and sepsis develop.
For example, inflammation contributes to activation of the coagulation system through upregulation of tissue factor and downregulation of
anticoagulant molecules such as protein C and
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antithrombin (21). Similarly, the coagulation system can itself promote further inflammation. Specifically, proteases in the coagulation system bind
to protease-activated receptors, which in turn activate proinflammatory cytokines including IL1, IL6,
and IL8 (21). Apoptosis can lead to either pro- or
antiinflammatory responses depending on the severity of infection and the cells affected. The ultimate response to infection can thus range from
rapid clearance of infection with restoration of homeostasis and minimal collateral damage to sepsis, multiple organ failure, and death. The specific
response depends on the multiple interconnected
molecular systems described above and pathogen
and host factors, including genetic predisposition
and preexisting comorbidities.
Organ dysfunction
In patients who do develop sepsis, dysregulation
of these cellular and molecular pathways can lead
to dysfunction in multiple organ systems. Increased neutrophil activity leads to the release of
reactive oxygen species and proteases that directly damage neighboring tissues (20), and apoptosis leads to the death of some cells, primarily
within the immune system, although there is relatively little apoptosis in other organ systems (18).
Both the procoagulant response and inflammation-induced vasodilation leading to hypotension
contribute to tissue hypoxia, which also contributes to organ dysfunction. Some patients, however, develop organ dysfunction without evidence
of extensive hypoxia or cell death. While there is
some controversy over the cause of dysfunction in
these organs, mitochondrial dysfunction appears
to play some role, impairing the ability of cells to
effectively use the oxygen that is being delivered
(20). Finally, the inflammatory response leads to
direct endothelial damage, which contributes to
manifestations of sepsis such as acute respiratory
distress syndrome (22).
Regardless of the exact mechanism, organ dysfunction in sepsis manifests in various ways,
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including acute kidney injury, disseminated intravascular coagulation, encephalopathy, respiratory
failure from acute respiratory distress syndrome,
vasodilatory shock, and myocardial depression.
In severe cases, progression to septic shock, cardiovascular collapse, and death may occur. In
contrast, in patients with infection who do not
develop sepsis, some of the same molecular
pathways can be activated, including the inflammatory response, procoagulant activity, and
apoptosis, but these pathways remain appropriately regulated, leading to clearance of infection
and restoration of homeostasis without significant organ dysfunction.

LABORATORY TESTING
The role of laboratory testing in the diagnosis
of bloodstream infections is relatively straightforward. A diagnosis of a bloodstream infection
is most commonly based on positive blood cultures, with the number of positive blood cultures
required to diagnose an infection depending on
the specific organism isolated (11). Cultures,
however, can take several days to grow, with
identification of a specific pathogen taking longer. Furthermore, approximately 30% of infected patients in the intensive care unit never
have a causative organism identified in cultures,
making them an imperfect test (23). Recently,
rapid molecular testing, often using PCR technology, has shortened the time until identification
of certain organisms, making it possible to identify specific pathogens in the setting of positive
blood cultures and implement targeted treatments more quickly (24). Studies, however, have
not demonstrated a consistent improvement in
mortality from this testing (24). Direct molecular
testing on blood samples without requiring positive blood cultures has the potential to reduce
time to detection even further and to expand the
number of organisms detected, but evidence
regarding clinical outcomes with these tests is

more limited, with one cluster-randomized trial
failing to show a difference in 7-day mortality
despite increased numbers of microbes being
detected and a faster time to detection with direct molecular testing (25). Neither method has
been universally adopted, leaving blood cultures
as the current usual method of diagnosing
bloodstream infections.
In contrast to the role of laboratory testing in
diagnosing bloodstream infections, its role in diagnosing sepsis is more complex. A variety of laboratory tests have attempted to take advantage of the
pathophysiologic differences between infected patients who develop sepsis and those who do not.
Indeed, as of 2010, at least 178 biomarkers had
been evaluated for use in sepsis, 34 of which had
been evaluated specifically for their diagnostic utility in sepsis (26). No single test, however, is currently sensitive or specific enough for this purpose.
Similarly, a variety of laboratory tests can detect
individual organ dysfunction, but none can yet accurately determine the cause of the organ failure.
The most prominent biomarkers evaluated to date
include procalcitonin, C-reactive protein, and lactic
acid (Table 2).
Procalcitonin
Procalcitonin is an amino acid precursor of calcitonin, a protein that helps regulate calcium concentrations. As procalcitonin is part of the
proinflammatory pathway, it has been evaluated
extensively as a potential sepsis biomarker. In a
metaanalysis of 30 studies evaluating procalcitonin for the diagnosis of sepsis in patients with
the SIRS, increased procalcitonin concentration
had a sensitivity of 0.77 and a specificity of 0.79
for the diagnosis of sepsis, with an area under
the ROC curve of 0.85 (27). Increased procalcitonin concentrations have been detected in
noninfectious inflammatory conditions, including trauma, burns, and pancreatitis (28), further
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Table 2. Selected sepsis biomarkers.
Biomarker

Function

Procalcitonin

Precursor of calcitonin,
a calcium regulator;
procalcitonin is
released as part of
the inflammatory
response, although
its role is unclear
Directly binds to
pathogens, activating
complement system
and neutrophils

CRP

Lactic acid

Metabolite produced
during anaerobic
metabolism

Utility in sepsis
diagnosis
Sensitivity of 0.77 and
specificity of 0.79 for
sepsis diagnosis in
patients with SIRS
response, with an
area under the
curve of 0.85
Isolated admission
CRP has sensitivity
of 0.89 and
specificity of 0.59 for
sepsis diagnosis in
critically ill patients
Increased lactic acid
concentrations
associated with
increased mortality
in septic patients

complicating their use in differentiating patients
with sepsis from those with noninfectious SIRS
or other conditions.
Given its performance in sepsis diagnosis, 1 sepsis guideline, published by the Surviving Sepsis
Campaign, recommends the use of procalcitonin
to distinguish infected from noninfected patients
among those already being empirically treated for
sepsis but with limited clinical evidence of infection
(29). This strategy potentially allows for the discontinuation of empiric antimicrobials in patients with
low procalcitonin concentrations. This use of procalcitonin is controversial, however, and other societies do not recommend its use in diagnosis at
this time (30). Even the Surviving Sepsis Campaign
guidelines recommend against the exclusive use
of procalcitonin when making treatment decisions,
instead stating that procalcitonin results should be
interpreted in conjunction with other clinical and
laboratory data (29). Given its limited sensitivity
and the potentially disastrous consequences of
withholding antimicrobial treatment in a septic patient, procalcitonin lacks the required characteristics to reliably rule out sepsis in patients with
potential infection.

Guidelines

References

Surviving Sepsis Guidelines
support its use as an aid
in diagnosing sepsis,
although other guidelines
do not

(27–30)

Not currently
recommended for sepsis
diagnosis by any major
guidelines

(31–34)

Included as part of Sepsis-3
definition of septic shock

(9, 35–37)

C-reactive protein
C-reactive protein (CRP) is a protein synthesized
in the liver and released in response to inflammation. It has been shown to bind directly to various
pathogens and to play a role in activating both
complement and neutrophils (31). CRP is also routinely available as a laboratory test. Given its ready
availability in the clinical setting and the known role
of inflammation in sepsis, CRP has also been investigated as a potential marker of sepsis. In one
study of critically ill patients, a CRP concentration
higher than 8.7 mg/dL (0.48 mmol/L) combined
with a maximum daily CRP variation >4.1 mg/dL
(0.23 mmol/L) had an 82.1% sensitivity and a 92.1%
specificity for distinguishing infectious from noninfectious pathologies in patients (32). Another study
showed an admission CRP higher than 5 mg/dL
(0.28 mmol/L) had a sensitivity of 89% and a specificity of 59% for detecting infection in critically ill
patients (33). Importantly, both studies included all
critically ill patients, regardless of whether infection was suspected or whether a condition that
could be mistaken for sepsis was present. Furthermore, CRP has been shown to be increased in
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patients with noninfectious causes of inflammation, including rheumatologic disease, pancreatitis,
and malignancy (31, 34). Because of these limitations, diagnosing sepsis with CRP concentrations is
not currently recommended.
Lactic acid
Lactic acid is another marker of disease whose
utility in sepsis diagnosis has been evaluated. Lactic acid is a product of anaerobic glycolysis and
therefore is increased in patients with tissue hypoxia, resulting in a switch from aerobic to anaerobic metabolism. Traditionally, this mechanism was
considered the primary pathway through which
lactic acid was increased in sepsis (35), but more
recent evidence has shown that increased adrenergic stimulation and mitochondrial dysfunction
may also be important triggers of lactic acid production (36). While lactic acid has been studied as a
potential diagnostic marker for sepsis, lactic acid
concentrations are also increased in numerous
nonseptic causes of both tissue hypoxia and increased adrenergic stimulation, including seizures,
ischemic limb and bowel, and adverse events from
certain medications. Instead, lactic acid has been
more useful as a predictor of mortality in sepsis
because higher lactic acid concentrations are associated with increased mortality in septic patients
(37). As a result of this association, a lactic acid
concentration higher than 2 mmol/L (18 mg/dL) is
a necessary criterion for septic shock in the most
recent definition (9).
SOFA score components
The SOFA score, used to define organ failure in
the most recent sepsis definition, contains a combination of clinical and laboratory values. Specific
laboratory values needed to calculate a SOFA
score are creatinine, total bilirubin, platelet count,
and the partial pressure of oxygen in arterial blood
(10). These laboratory studies help quantify organ
dysfunction in individual organ systems, but none

of them was developed to evaluate for sepsis and
none can distinguish between infectious and noninfectious causes of organ failure. Instead, in cases
of confirmed infection, including bloodstream infections, they can assist in determining if organ
failure is present and therefore play a role in the
diagnosis of sepsis.
Biomarker panels
Given the complex pathogenesis of sepsis, it is
not surprising that no single laboratory test can yet
reliably diagnose it. As a result, some groups have
combined multiple biomarkers into laboratory
panels for improved diagnostic accuracy. One of
the largest attempts was a prospective cohort of
1000 patients, in which 150 prospective sepsis
biomarkers were narrowed to a panel of 3 laboratory tests: 1 measuring organ failure, neutrophil
gelatinase-associated lipocalin (NGAL); one measuring coagulation system abnormalities, protein
C; and one measuring inflammation, interleukin 1
receptor antagonist (IL1ra) (38). When results from
the 3 tests were combined to create a sepsis score,
a score of 40 was 82% sensitive and 60% specific
for severe sepsis, using the previous sepsis definitions (roughly equivalent to the current definition
of sepsis, which requires an increase of ≥2 points
in the SOFA score). Another group found a panel of
6 tests, including both CRP and procalcitonin, had
a sensitivity of 89% and specificity of 84% for a
bacterial infection when hospitalized adults meeting at least 2 SIRS criteria were analyzed (39). This
study, however, did not evaluate for nonbacterial
infections, so it is unclear how well the panel would
perform in patients with sepsis from nonbacterial
pathogens. Unfortunately, no sepsis laboratory
panel has yet demonstrated the accuracy needed
for routine clinical use.

CONCLUSIONS
Sepsis and bloodstream infections are 2 distinct but related entities, with sepsis requiring
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not only an infection but also a maladaptive host
response and organ dysfunction. Understanding
the differences between the 2 has important implications for treatment and prognosis. While
progress has been made on distinguishing the 2

Sepsis vs Bloodstream Infections

entities with diagnostic laboratory tests, currently there is no single definitive test to distinguish sepsis from bloodstream infections, so
differentiating between the 2 still requires a
thorough clinical assessment.

Author Contributions: All authors confirmed they have contributed to the intellectual content of this paper and have met the following
4 requirements: (a) significant contributions to the conception and design, acquisition of data, or analysis and interpretation of data; (b)
drafting or revising the article for intellectual content; (c) final approval of the published article; and (d) agreement to be accountable for
all aspects of the article thus ensuring that questions related to the accuracy or integrity of any part of the article are appropriately
investigated and resolved.
Authors’ Disclosures or Potential Conflicts of Interest: No authors declared any potential conflicts of interest.

REFERENCES
1. Rhee C, Dantes R, Epstein L, Murphy DJ, Seymour CW,
Iwashyna TJ, et al. Incidence and trends of sepsis in US
hospitals using clinical vs claims data, 2009 –2014. JAMA
2017;318:1241.
2. McDermott KW, Elixhauser A, Sun R. Trends in hospital
inpatient stays in the United States, 2005–2014. https://
www.hcup-us.ahrq.gov/reports/statbriefs/sb225Inpatient-US-Stays-Trends.pdf (Accessed May 2018).
3. Arefian H, Heublein S, Scherag A, Brunkhorst FM, Younis
MZ, Moerer O, et al. Hospital-related cost of sepsis: a
systematic review. J Infect 2017;74:107–17.
4. Fleischmann C, Scherag A, Adhikari NKJ, Hartog CS,
Tsaganos T, Schlattmann P, et al. Assessment of global
incidence and mortality of hospital-treated sepsis:
current estimates and limitations. Am J Respir Crit Care
Med 2016;193:259 –72.
5. American College of Chest Physicians/Society of Critical
Care Medicine Consensus Conference: definitions for
sepsis and organ failure and guidelines for the use of
innovative therapies in sepsis. Crit Care Med 1992;20:
864 –74.
6. Levy MM, Fink MP, Marshall JC, Abraham E, Angus D,
Cook D, et al. 2001 SCCM/ESICM/ACCP/ATS/SIS
International Sepsis Definitions Conference. Crit Care
Med 2003;31:1250 – 6.
7. Churpek MM, Zadravecz FJ, Winslow C, Howell MD,
Edelson DP. Incidence and prognostic value of the
systemic inflammatory response syndrome and organ
dysfunctions in ward patients. Am J Respir Crit Care Med
2015;192:958 – 64.
8. Kaukonen K-M, Bailey M, Pilcher D, Cooper DJ, Bellomo R.
Systemic inflammatory response syndrome criteria in
defining severe sepsis. N Engl J Med 2015;372:1629 –38.
9. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M,
Annane D, Bauer M, et al. The third international
consensus definitions for sepsis and septic shock
(Sepsis-3). JAMA 2016;315:801.
10. Vincent JL, Moreno R, Takala J, Willatts S, De Mendonça A,
Bruining H, et al. The SOFA (Sepsis-related Organ Failure

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.
21.
22.

Assessment) score to describe organ dysfunction/failure.
Intensive Care Med 1996;22:707–10.
Centers for Disease Control and Prevention. National
Healthcare Safety Network (NHSN) patient safety
component manual. https://www.cdc.gov/nhsn/pdfs/
pscmanual/pcsmanual_current.pdf (Accessed March
2017).
Bates DW, Sands K, Miller E, Lanken PN, Hibberd PL,
Graman PS, et al. Predicting bacteremia in patients with
sepsis syndrome. J Infect Dis 1997;176:1538 –51.
Schulte W, Bernhagen J, Bucala R. Cytokines in sepsis:
potent immunoregulators and potential therapeutic
targets—an updated view. Mediators Inflamm
2013;2013:1–16.
Freeman BD, Natanson C. Anti-inflammatory therapies in
sepsis and septic shock. Expert Opin Investig Drugs
2000;9:1651– 63.
Fourrier F. Severe sepsis, coagulation, and fibrinolysis.
Crit Care Med 2012;40:2704 – 8.
Wesche DE, Lomas-Neira JL, Perl M, Chung C-S, Ayala A.
Leukocyte apoptosis and its significance in sepsis and
shock. J Leukoc Biol 2005;78:325–37.
Jimenez MF, Watson RW, Parodo J, Evans D, Foster D,
Steinberg M, et al. Dysregulated expression of neutrophil
apoptosis in the systemic inflammatory response
syndrome. Arch Surg 1997;132:1263–9.
Singer M. The role of mitochondrial dysfunction in
sepsis-induced multi-organ failure. Virulence 2014;5:66 –
72.
Crouser ED. Mitochondrial dysfunction in septic shock
and multiple organ dysfunction syndrome.
Mitochondrion 2004;4:729 – 41.
Cinel I, Opal SM. Molecular biology of inflammation and
sepsis: a primer. Crit Care Med 2009;37:291–304.
Levi M, van der Poll T. Inflammation and coagulation. Crit
Care Med 2010;38:S26 –34.
Thompson BT, Chambers RC, Liu KD. Acute respiratory
distress syndrome. N Engl J Med 2017;377:562–72.

..........................................................................................................
662

JALM | 654 – 663 | 03:04 | January 2019

MINI-REVIEWS

Sepsis vs Bloodstream Infections

23. Vincent J, Rello J, Marshall J, Silva E, Anzueto A, Martin CD,
et al. International study of the prevalence and
outcomes of infection in intensive care units. JAMA 2009;
302:2323–9.
24. Timbrook TT, Morton JB, McConeghy KW, Caffrey AR,
Mylonakis E, LaPlante KL. The effect of molecular rapid
diagnostic testing on clinical outcomes in bloodstream
infections: a systematic review and meta-analysis. Clin
Infect Dis 2017;64:15–23.
25. Cambau E, Durand-Zaleski I, Bretagne S, Brun-Buisson C,
Cordonnier C, Duval X, et al. Performance and economic
evaluation of the molecular detection of pathogens for
patients with severe infections: the EVAMICA open-label,
cluster-randomised, interventional crossover trial.
Intensive Care Med 2017;43:1613–25.
26. Pierrakos C, Vincent J-L. Sepsis biomarkers: a review. Crit
Care 2010;14:R15.
27. Wacker C, Prkno A, Brunkhorst FM, Schlattmann P.
Procalcitonin as a diagnostic marker for sepsis: a
systematic review and meta-analysis. Lancet Infect Dis
2013;13:426 –35.
28. Becker KL, Snider R, Nylen ES. Procalcitonin assay in
systemic inflammation, infection, and sepsis: clinical
utility and limitations. Crit Care Med 2008;36:941–52.
29. Rhodes A, Evans LE, Alhazzani W, Levy MM, Antonelli M,
Ferrer R, et al. Surviving Sepsis Campaign. Crit Care Med
2017;45:486 –552.
30. Kalil AC, Gilbert DN, Winslow DL, Masur H, Klompas M.
Infectious Diseases Society of America (IDSA) position
statement: why IDSA did not endorse the Surviving
Sepsis Campaign guidelines. Clin Infect Dis
2018;66:1631–5.
31. Póvoa P. C-reactive protein: a valuable marker of sepsis.
Intensive Care Med 2002;28:235– 43.

32. Póvoa P, Coelho L, Almeida E, Fernandes A, Mealha R,
Moreira P, Sabino H. Early identification of intensive care
unit-acquired infections with daily monitoring of Creactive protein: a prospective observational study. Crit
Care 2006;10:R63.
33. Reny J-L, Vuagnat A, Ract C, Benoit M-O, Safar M, Fagon
J-Y. Diagnosis and follow-up of infections in intensive
care patients: value of C-reactive protein compared with
other clinical and biological variables. Crit Care Med
2002;30:529 –35.
34. Landry A, Docherty P, Ouellette S, Cartier LJ. Causes and
outcomes of markedly elevated C-reactive protein levels.
Can Fam Physician 2017;63:e316 –23.
35. Garcia-Alvarez M, Marik P, Bellomo R. Sepsis-associated
hyperlactatemia. Crit Care 2014;18:503.
36. James JH, Luchette FA, McCarter FD, Fischer JE. Lactate is
an unreliable indicator of tissue hypoxia in injury or
sepsis. Lancet 1999;354:505– 8.
37. Casserly B, Phillips GS, Schorr C, Dellinger RP, Townsend
SR, Osborn TM, et al. Lactate measurements in sepsisinduced tissue hypoperfusion. Crit Care Med 2015;43:
567–73.
38. Shapiro NI, Trzeciak S, Hollander JE, Birkhahn R, Otero R,
Osborn TM, et al. A prospective, multicenter derivation of
a biomarker panel to assess risk of organ dysfunction,
shock, and death in emergency department patients
with suspected sepsis. Crit Care Med 2009;37:96 –104.
39. Kofoed K, Andersen O, Kronborg G, Tvede M, Petersen J,
Eugen-Olsen J, Larsen K. Use of plasma C-reactive
protein, procalcitonin, neutrophils, macrophage
migration inhibitory factor, soluble urokinase-type
plasminogen activator receptor, and soluble triggering
receptor expressed on myeloid cells-1 in combination to
diagnose infections. Crit Care 2007;11:R38.

.........................................................................................................
January 2019 | 03:04 | 654 – 663 | JALM

663

