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ABSTRACT: Pathogenic sepsis is not a monolithic condition. Three major types of sepsis exist within this category: bacterial, viral, and fungal,
each with its own mechanism of action. While similar in symptoms, the etiologies and immune mechanisms of these types differ enough that a
discrete patient base can be recognized for each one. Non-specific treatment, such as broad-spectrum antibiotics, without determination of
sepsis origins may worsen sepsis symptoms and leads to increased morbidity and mortality in patients. However, recognition of current and
historical patterns in likely patients for each sepsis type may aid in differentiation between pathogens prior to definitive blood testing. Clinicians
may ultimately be able to diagnose and treat bacterial, viral, and fungal sepsis using analysis of previous patient patterns and circumstances in
addition to standard care. This method is likely to decrease incidence of multidrug-resistant organisms, organ failure due to ineffective treatment,
and turnaround time to the correct treatment for each sepsis patient. Ultimately, we aim to provide classification information on these patient
populations and to suggest epidemiology-based screening methods that can be integrated into critical care medicine, specifically triage and

treatment of sepsis.
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Introduction
Sepsis is a complex disease with highly varied presentation,
depending in large part on the identity of the inciting patho-
gen, the method of disease contraction, and patient immune
competence. Although sepsis mortality rates have decreased,
the incidence of sepsis in the United States has risen, with
nearly a 50% increase in sepsis hospitalizations between 2003
and 2009.! In contrast, general hospitalizations for infection
rose only 11.5% in that same time period.! Between 2010 and
2015, the average mortality rate for patients hospitalized with
sepsis decreased from 24.1% to 14.8%. However, 50% of sepsis
mortality is due to hospital-acquired sepsis (HAS), which is
often more severe and resistant to antibiotics than sepsis pre-
sent upon admission.>3 HAS case-fatality rates may reach
45%. This is often due to sepsis contracted by patients in the
intensive care unit (ICU) and contributes substantially to the
average mortality rate in developed countries, as opposed to the
relatively lower mortality rates (15% as opposed to 45%) in
cases of sepsis acquired outside the hospital.>~

Over 5000000 deaths due to sepsis occur globally every
year, with over 750000 hospitalizations and 215000 deaths in
the United States alone.>¢ Similar proportions of sepsis deaths
occur in other developed countries, such as the United
Kingdom.> Despite varied causes, standard treatment is aimed
primarily at bacterial sepsis. First-line protocols often include

empirical treatment with broad-spectrum antibiotics even
before the acquisition of blood cultures.”

In many cases, treatment may cause more harm than it pre-
vents. While bacterial infections remain the primary cause of
pathogenic sepsis, viruses and fungi comprise a meaningful
percentage of sepsis etiologies, especially among immunocom-
promised patients and those with other comorbidities; 17% of
sepsis as assessed in US hospitals, for example, is attributable to
Candida fungal species.>®? Among the adult patient popula-
tion, the elderly and patients suffering from human immuno-
deficiency virus (HIV)/acquired immune deficiency syndrome
(AIDS), diabetes, cardiovascular disease, and other common
comorbidities are especially prone to sepsis of heterogeneous
origin and/or increased severity, while neonates are predisposed
to similar but distinct subtypes.>*-1* Antibiotics may be admin-
istered as part of the standard of care, even without a docu-
mented need. Antibacterial treatment has no effect on
non-bacterial sepsis and is associated with increased mortality
when mistakenly administered at high doses to treat fungal
sepsis.1?

Common mechanisms unite the different states of patho-
genic sepsis, but significant differences exist and contribute to
unique complications. Each type of sepsis—bacterial, viral, and
fungal—is associated with distinct groups of patients, comor-
bidities, and circumstances (Figure 1). The essential treatment
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Figure 1. A pictorial representation of the similarities and differences in mechanism, circumstances, and patient base between the three major types
of pathogenic sepsis. The best-known mechanisms for each sepsis type are represented, although these molecules and mechanisms are not
universal. CNS indicates central nervous system; IFN, interferon; IL, interleukin; ROS, reactive oxygen species; TLR, toll-like receptor; TNF, tumor

necrosis factor.

for each type varies, and what works for one may be detrimen-
tal to the others. Therefore, it is essential that the medical and
scientific communities know the different mechanisms, risks,
and likelihood of presence of each of the three when a potential
case of sepsis appears.

Ultimately, the need for more effective triage methods in
patients with suspected sepsis is highlighted not only by sep-
sis mortality and case-fatality rates, but by the fact that no
triage system that differentiates sepsis patients from other at-
risk patients has been implemented in US hospitals. Sepsis
patients spend an average of 5 h in the emergency department
after admission, the same length of time as patients deemed
non-emergent by current cardiac triage methods.’®> While
attempts have been made to implement triage systems that
more accurately take into account the likelihood of sepsis for
patients in emergency departments, these screening tools pri-
marily take symptoms, that is, sequential organ failure assess-
ment (SOFA) criteria and other sepsis-identification
methods, into account rather than epidemiology and poten-
tial pathogenic origin of the sepsis in question.!*> We recog-
nize that observation of patients and inclusion of patient

history in sepsis diagnosis, while important, can and should
be a part of standard care. However, the fact remains that
these methods have thus far not been widely used in terms of
differentiating between sepsis types. In this review of the
typical situations leading to the three major types of patho-
genic sepsis, we propose the use of thus far underutilized
methods as an addition to standard care, for the purpose of
such differentiation.

Common Mechanisms and Complications of Sepsis
Sepsis is defined as life-threatening organ damage resulting
from a dysregulated host response to infection.'® The sepsis
process creates a biphasic reaction in the host; immune hyper-
responsiveness is followed by a hyporesponsive state due to
immune exhaustion. The majority of sepsis deaths occur during
this second stage, often from secondary infection.’”” However,
the coagulopathy, vascular endothelial leakage, cardiovascular
strain, and massive release of pro-inflammatory cytokines
characteristic of early sepsis comprise the major mechanism of
organ damage.'”" Standard treatments are thus often aimed at
this stage.”
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The common mechanism of the sepsis process, when
caused by an invasive pathogen, typically involves inter- and
intracellular signaling through cell-surface receptors that initiate
the complex signal transduction mechanisms common to many
types of sepsis. Excessive strain on the heart from septic activa-
tion of the autonomic nervous system creates a state of global
cardiac hypokinesis, hypotension, and hypoperfusion. This fur-
ther exacerbates ischemia from excessive coagulation within the
organs and creates further tissue pathology.!”1? Ultimately, these
converging mechanisms lead to a hypotensive, electrolyte-imbal-
anced patient, with organs failing at various rates due to ischemic
injury, hypoxemia, and pro-inflammatory tissue damage.

This inflammatory stage of sepsis may last for hours to days,
depending on the extent of damage. Early sepsis mortality
peaks at approximately 3 to 5 days.?0 If the patient survives the
inflammatory stage, immunosuppression will set in over the
next several days after the exhaustion of pro-inflammatory
resources. At this point, signaling toward an anti-inflammatory
phenotype begins.72! At 20 to 30days following the onset of
sepsis, deaths from secondary infection peak due to commensal
flora or opportunistic bacteria that could not normally colonize
a healthy patient.18

Reactivation of latent viruses is another common complica-
tion of late sepsis and may cause further morbidity and mortal-
ity, even if the sepsis itself is not viral. Viruses reactivated
during this stage include cytomegalovirus, herpes simplex, and
Epstein-Barr.’® These generally benign viruses have been
found to increase 90-day mortality in sepsis patients. Increased
viremia (detected in multiple bodily fluids) leads to a higher
risk of morbidity or death.?

Pre-existing immunocompromise is perhaps the most
important risk factor for sepsis patients. Although anyone can
contract sepsis, regardless of health status, immunocompro-
mised patients face a much more serious course of illness. For
example, premature neonates are extremely susceptible to bac-
terial and fungal sepsis.” Adult patients with pre-existing car-
diovascular disease, diabetes, or HIV/AIDS are more
susceptible to opportunistic sepsis, especially through antibi-
otic-resistant organisms.>* This is more common for HAS
patients in the ICU than for community-acquired sepsis (CAS)
patients, a dangerous factor considering the ambiguous state of
ICU patients.3

The distinct stages of sepsis are common between the major
etiological types (bacterial, viral, and fungal); it is primarily
patient heterogeneity that determines the difference in mor-
bidity, mortality, and complications. However, the mechanisms
and etiologies of each type of sepsis differ enough that major
patient populations can be extrapolated for each and possibly
used as an effective triage tool with standard treatment.

Bacterial Sepsis

Bacteria are the most common cause of sepsis, with 62.2% of
patients with positive blood cultures harboring Gram-negative
bacteria and 46.8% infected with Gram-positive bacteria.3

This overlap can be explained by polymicrobial sepsis, which is
frequently simulated in mouse models.$2® While Escherichia
coli can be found in approximately 1 in 6 culture-positive
patients, Gram-positive bacteria such as methicillin-resistant
Staphylococcus aureus (MRSA) have made up an increasing per-
centage of sepsis with the advent of excessive antibiotic treat-
ment.>* The lungs are the most frequent site of colonization;
pneumonia averages 38% to 39% of all bacterial cases. However,
abdominal, urinary tract, and wound-related sepsis make up
significant percentages as well.3

The general mechanism of bacterial sepsis shares many con-
served elements, no matter the type of bacteria involved.
Bacterial surface toxins, such as lipopolysaccharide (LPS), or
other secreted bacterial pathogen-associated molecular pat-
terns (PAMPs), stimulate toll-like receptors (TLRs) and other
cell-surface receptors on host cells.?> Intracellular signaling
then initiates pro-inflammatory cascades and additional
inflammatory cell recruitment. It is this process, not simply
bacteremia, that causes the organ damage, coagulopathy, and
obtunded state characteristic of severe sepsis.!’

Bacterial sepsis acquired in the hospital, especially when a
patient is already in the ICU, tends to follow a much more
severe course than sepsis for which a patient is admitted to the
hospital. HAS is thus approximately five times more expensive
than CAS, and the mortality rate of HAS is approximately
twice that of CAS, with calculated in-hospital mortality rate of
19.2% as opposed to 8.6%.2+2° The organisms responsible for
HAS also differ from CAS; they are often opportunistic and
resistant to some or all of the first-line antibiotics used to treat
them. Whereas pathogenic Gram-negative bacteria are at least
partially responsible for the majority of bacterial sepsis cases, a
heterogeneous mixture predominates in HAS. A large number
of cases, for example, can be attributed to drug-resistant
Pseudomonas species.?” Other common Gram-negative species
include E. coli as well as Klebsiella and Enterobacter.?® The
majority of Gram-positive HAS, on the other hand, can be
attributed to Staphylococcus species, especially methicillin-resist-
ant Staphylococcus aureus (MRSA), a bacterium that is a grow-
ing concern among the lay and medical populations alike.?8

An immunocompromised state is the unifying factor for
those patients who are most susceptible to bacterial sepsis.
Many conditions contribute to susceptibility, including cardio-
vascular disease, steroid treatment, organ transplantation, can-
cer, and chronic obstructive pulmonary disease (COPD).+?
Age is also a contributing factor, not only from age-related
immunocompromise, but because elderly patients present with
a comorbid condition such as diabetes or cardiovascular disease
in 70% of cases, as opposed to 56% of adult sepsis patients.3%31
HIV/AIDS patients are also an important sub-population.
AIDS patients frequently contract septic infections when in
the ICU, with an average case-fatality rate of 42% and increas-
ing incidence of antibiotic resistance in the relevant pathogens.?
Sepsis in AIDS patients is now more often caused by mixed
and/or opportunistic Gram-negative bacteria than by fungi,
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which have previously been collectively considered an AIDS-
defining illness.332 This indicates possible problems with
standard treatment of bacterial sepsis as much as inherent vul-
nerability of AIDS patients, as 57% of sepsis in HIV patients is
contracted in the hospital.3

Treatment for bacterial sepsis involves early administration of
broad-spectrum antibiotics, fluid replenishment, and close
blood-pressure monitoring.” Vasopressors may be administered
as needed.® These treatments focus on alleviating the symptoms
of sepsis, not the basal inflammation; an exception is glucocorti-
coid treatment. However, the sepsis process is often resistant to
this anti-inflammatory class of medications, and thus, glucocor-
ticoids may be ineffective or harmful to the patient.34

Bacterial sepsis, on the whole, most closely fits the defini-
tion of classic sepsis in mechanism, course, and treatment. As
in the other two major types, immunocompromised patients
have the highest risk of sepsis and poor outcome; however, the
variety of potential bacteria and universal nature of the pro-
inflammatory response provide a large patient pool. Consequent
overlap with potential fungal and viral sepsis patients under-
scores the importance of considering patient history and epide-
miology of pathogens in sepsis assessment.

Viral Sepsis
The pro-inflammatory mechanisms of viral and bacterial sepsis
are similar. Severe viral infections can cause septic syndromes
that are functionally identical to bacterial sepsis.’3 This typi-
cally occurs through viral knockdown of the initial antiviral
response; however, a number of viruses, such as the common
parechovirus, can also cause sepsis-like inflammatory syn-
dromes and complications.3¢ While the host antiviral response
differs from the antibacterial response, common pro-inflam-
matory mechanisms can lead to sepsis in certain populations.

First-line antiviral signaling occurs via activation of
Type I o/B interferon (IFN), as well as IFN-vy, a type II IFN
responsible for pro-inflammatory cytokine and chemokine
signaling.373% These proteins then initiate pro-inflammatory
reactions primarily through phosphorylation of proteins that
then initiate production of more IFN.3? Although cytokine-
dependent signaling also begins, the IFN system is the primary
host antiviral mechanism. In fact, IFNs are protective against
sepsis induced by bacterial endotoxins as well.3

IFNs do not, however, preclude sepsis. A number of viruses
downregulate the interferon response, and as a result can induce
a septic state identical to that caused by non-viral pathogens.
The influenza virus, which is primarily a threat to children and
the elderly, causes inflammation through upregulation of
cytokines.?? The coagulopathies responsible for the symptoms
of various hemorrhagic fevers are also based on the same
mechanisms of vascular damage that create other types of sep-
sis.4041 This is, in effect, identical to bacterial sepsis-induced
loss of normal vascular fluid dynamics.*! As in bacterial
sepsis, viral sepsis is largely mediated by pro-inflammatory

cytokines; the subsequent mechanisms of tissue and vascular
damage are functionally identical .3’

Despite these conserved mechanisms, viral sepsis is uncom-
mon in the general population. Organisms that are neither bac-
teria nor fungi are cultured in fewer than 5% of documented
adult sepsis cases.’ The groups most at risk for sepsis of viral
origin, despite the pro-inflammatory pathways common to all
types, are children and the elderly. While the epidemiology and
estimations for pure viral sepsis are difficult to describe and
calculate, possibly due to septic reactivation of latent viruses
and resulting complications, respiratory syncytial virus
(RSV) is a major cause of systemic viral infection in vulnerable
populations.'$2242 Like other sepsis-related pathogens, its pri-
mary mechanism of mortality is through secondary infections
caused by viral immune compromise; pre-existing immuno-
compromise and inadequate medical care are risk factors for
RSV-related death.*3 Viruses are by nature nonresponsive to
antibiotics, so the major treatment for viral sepsis is supportive
care, although experimental antiviral treatment has had some
positive effect in mice and humans.**

Viral sepsis in healthy adults mainly occurs through virus-
mediated inactivation of IFN signaling, as previously discussed.
Despite its rarity in this population, it does have some histori-
cal precedent in previous influenza pandemics.*~48 These same
mechanisms of cytokine storm-based inflammation are respon-
sible for the severe sepsis symptoms seen in current viral hem-
orrhagic fever outbreaks.* Despite these exceptions, however,
the patient pool for viral sepsis is the same as those most prone
to dying of seasonal influenza. This must be considered when
treating sepsis patients within this group, as antibiotics may
ultimately harm these and other hospital patients in general.

Fungal Sepsis
Fungal sepsis shares common mechanisms with bacterial
sepsis, but in contrast, it is a fast-growing and often lethal
subtype.®%> Approximately 17% of sepsis can be attributed to
Candida species, with 2% to 3% more caused by Aspergillus and
others.>? Fungi make up part of the normal flora in many
parts of the body.>® In an invasive situation, however, fungal
sepsis can kill at a rate of 40% to 60%.1%°2 This is far higher
than the approximately 30% average case-fatality rate of bacte-
rial or viral sepsis, and approaches or exceeds the upward of
45% case-fatality rate of antibiotic-resistant HAS.3-26

Much of this difference in morbidity and mortality is trace-
able to two factors: mechanism and mode of acquisition. While
bacterial sepsis is often a result of an immune response to cell-
surface antigens, fungal sepsis is often caused by reactions to
fungus-specific toxins and byproducts.’® Gliotoxin, a fungal
metabolite, induces sepsis-typical proteins in experimental cell
models and may induce in vivo sepsis through destruction of
gut tissue.”® Otherwise, neutral and/or unnoticed variations in
innate immunocompetence are also thought to allow fungal
overgrowth and treatment-resistant sepsis in otherwise healthy
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patients. This may partially explain the difference between
mortality rates for bacterial and fungal sepsis.”?

While bacterial and viral sepsis are mediated by the same
mechanisms of antigen sensing and cytokine production, fun-
gal sepsis occurs through different mechanisms. The sequence
of classic sepsis is similar in bacterial and fungal sepsis, but
fungal sepsis is largely perpetuated through signal transduction
pathways that differ from those of the more common bacterial
sepsis, such as interleukin (IL)-17.5* However, this molecule is
not solely responsible for fungal sepsis and may not be a viable
therapeutic target. Many diverse cell-surface receptors, includ-
ing carbohydrate receptors, are involved in sensing fungal anti-
gens, due to the fact that fungi by nature present carbohydrates
on their surfaces rather than bacterial or viral cell-surface
markers. These diverse sensing and signaling pathways can lead
to similar symptoms, but different cytokine profiles.*>¢ The
same pathways also cause upregulation of anti-inflammatory
cytokines such as IL-10, contributing to immunosuppression
that may be partially responsible for the high mortality rate.>
Some signaling attributable only to fungal sepsis also heavily
damages the kidneys, which may contribute to organ pathology.>*
While no one cytokine is solely responsible for the symptoms
of fungal or any other type of sepsis, the differences between
the mechanisms of fungal versus other types of sepsis must be
acknowledged.

The second factor is that fungal sepsis is almost exclusively
acquired in a health care setting; 93% of bloodstream candidia-
sis is hospital-acquired; 80% or more of fungal sepsis patients
have been exposed to empiric antibiotics, and although the
mechanism for the increased likelihood of fungal sepsis is not
fully known, it is a risk factor.>” Even neonates with fungal sep-
sis, often transferred in utero through maternal genital infec-
tion, only become seriously ill in the hospital sometime after
they are born.>® Fungi enter the bloodstream upon prolonged
exposure of the vasculature to skin flora, often through indwell-
ing catheters, and sepsis can result from this fungal exposure.*®

Fungal sepsis is made more dangerous by the fact that its
complications are often more severe than those resulting from
other types. While viral infection can cause encephalitis and
meningitis, especially in children, these are often self-limiting
conditions due to the nature of viral infections.?” In contrast,
fungal sepsis can cause severe ascending pathology within the
central nervous system. Fungal meningitis, especially with
Cryptococcus species in HIV/AIDS patients, requires treatment
with high doses of often toxic antifungal drugs, such as
Amphotericin B.5” This drug is severely nephrotoxic, already a
concern for patients with conditions such as diabetes.”” While
this drug is no longer the first-line treatment for fungemia,
azole drugs given orally or intravenously may be ineffective due
to previous prophylactic exposure. This is itself a risk factor for
medication-resistant fungal sepsis.®

Meningitis and meningoencephalitis are only two of the
potential sequelae of fungal sepsis. Candida and Aspergillus

species in particular can lead to large lung infiltrates that are
disseminated and/or granulomatous and can worsen common
pre-existing lung conditions such as asthma and COPD.
Aspergillus can itself cause lung pathology and complications in
the form of a severe allergic reaction.>” In those with such con-
ditions, which may already have caused some vulnerability to
the fungi, these infections are especially dangerous.

It may appear at first glance that the patient pools for bacte-
rial and fungal sepsis should be similar, given the similar mech-
anisms of action that sometimes group the two into the
definition of classic sepsis.”® However, the vastly disparate
sequelae of bacterial and fungal sepsis reveal the differences in
mechanism between these two types of organism, despite ill-
ness similarity. Review of the circumstances of each type of
sepsis also shows differences in patient populations. Fungal
sepsis is rarely found outside of the hospital, specifically the
ICU, while bacterial sepsis is often found in patients admitted
with symptoms.>*+2657 The patterns of organ-specific symp-
toms may also enable health care workers to decide on treat-
ment before definitive blood cultures are returned, possibly
leading to better patient outcomes.””

The Need for Better Triage Methods

The ultimate goal in treating sepsis patients should involve
making the hospital safe for future patients as well as decreas-
ing morbidity and mortality. Infections are often worsened by
antibiotic resistance, which creates a problem when antibiotics
are used as the first-line treatment for suspected sepsis.” This
may also impact other ICU patients, as the isolated nature of
intensive care and movement of clinicians from room to room
makes the transfer of medication-resistant infections more
likely. The immediate severity of infections contracted in the
ICU corroborates this hypothesis.>~26

Extreme measures to reduce antibiotic resistance, however
necessary they are, must be tempered by the fact that early anti-
biotic therapy in bacterial sepsis patients has been shown to
decrease in-hospital adjusted mortality rates of 20% to 25%, as
opposed to an adjusted mortality rate of 25% to 30% when
antibiotics are given after 12h (60). Standard care for bacterial
sepsis, the most common subtype, must not be eliminated, but
rather added to with methods that take epidemiological pat-
terns into consideration. This could be implemented in the
emergency department, for cases of CAS, or in the ICU for
cases of HAS.

Previously attempted sepsis triage methods have, with some
success, been used to reduce symptoms and overall case-fatality
rate, but these are based on symptomatic assessment of organ
failure. Triage methods for other conditions that are based on
patient history and current symptoms, however, are largely suc-
cessful. For example, triage for cardiovascular events such as
myocardial infarctions is based on recent patient history, physi-
cal symptoms, general affect and appearance, and the presence
or absence of several key biomarkers.6! This has been shown to
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be largely effective in early diagnosis and treatment of severe
cardiovascular events. Similar questions and training to recog-
nize sepsis symptoms could potentially be implemented in
both the emergency department and the ICU, with the pos-
sible addition of biomarker tests if they can be developed as
suggested.®? An option for ICU triage is computer flagging of
patients who have not responded to standard treatment, using
algorithms based on whether the patient’s vital signs have sig-
nificantly improved from the baseline, with the goal of re-eval-
uation by the treatment team. Evidence that early pinpointed
therapy improves sepsis patient outcomes provides some sup-
port for this approach.®0

It is true that in the initial effort to treat a patient at risk for
severe sepsis or septic shock, identification of the specific path-
ogen prior to treatment is understandably not a major priority.
However, observing patterns of patient populations that most
closely correlate to each major sepsis type will likely allow bet-
ter classification of sepsis without a full pathogen profile. This
may save not only time and money for hospitals and health care
professionals, but also the lives, and quality of life, of future
patients that would otherwise encounter medication-resistant
organisms.

The patterns of typical patients for bacterial, viral, and fun-
gal sepsis all contain populations with some degree of immu-
nocompromise. However, knowledge of the situations that lead
to each type of sepsis may assign these patients to discrete
groups. Bacterial sepsis is the broadest group, with patients of
all ages represented. Nevertheless, these patients are more likely
to be admitted with sepsis than to contract it in the hospital,
which narrows down the subtypes among admitted patients.?
These patients are also more likely to have been exposed to
opportunistic bacteria in situations such as prolonged ventila-
tion, without concomitant trauma. This has been the case for
decades.% Finally, pre-existing comorbid conditions make this
subtype most likely.343132 While antibiotics are effective for
this sepsis subtype, susceptibility testing should be done as
quickly as possible, as broad-spectrum administration leads to
resistance.?8

We recognize that the methods we propose are based pri-
marily on observation, and that viral sepsis is most commonly
found in very young children and the elderly, and is over-
whelmingly respiratory or neurological in origin, save for the
rarer and less discriminating viruses that directly attack the
vasculature. This is the rarest type, but it cannot be treated with
antibiotics and such treatment risks creation of drug-resistant
organisms.®* Thus, triage to rule out this subtype should be
geared toward those of the relevant age groups who are already
ill, and treatment should be primarily supportive care, with the
exception of antiviral treatments that have already been suc-
cessfully used.** In addition, the existence of separate emer-
gency departments and intensive care wards for pediatric and
adult patients may allow better discrimination between sepsis
types primarily in pediatric medicine.

Fungal sepsis is phenotypically similar to bacterial sepsis
and can occur in similar situations, but signs and symptoms as
well as patient risk factors differ enough that effective triage
and type identification is possible. For example, systemic fungal
infection often shows unique symptoms at the origin point,
such as distinctive rash and exudate.” The rarity of fungal sep-
sis outside the hospital also helps to rule it out when a patient
arrives with symptoms of sepsis; conversely, the predominance
of bacteria-derived sepsis in common immobility situations,
such as position-induced aspiration pneumonia, may aid in dis-
tinction even within the ICU.5763 The presence of HIV/AIDS
or premature birth status in a patient with meningitis may
make fungal sepsis part of the differential diagnosis, and imag-
ing the lungs will likely be helpful if quickly obtained.*”

The differences in these patient groups are subtle, but obser-
vation of sepsis patients has created evidence for discrete
grouping in the literature as a whole. If such observations,
questions, and standard time-based re-assessment of poten-
tially septic patients are implemented as part of standard triage
for patients with symptoms of sepsis, hospitals would likely
benefit from lack of wasted resources and decreased antimicro-
bial resistance. This would be especially helpful in the first 72h
after initiation of antibiotic treatment, when the multidiscipli-
nary treatment team has had an opportunity to evaluate and
re-evaluate the patient. This would thereby provide a cohesive
approach by which to continue or alter the treatment regimen.

Conclusions

Pathogenic sepsis is not a single disease, nor is it solely the
domain of bacteria, despite common misconceptions. While
bacteria are the most common cause of sepsis, they are not the
only cause. Consequent overuse or misuse of antibiotics leads
to antibiotic resistance in the hospital and complications for
future patients. Non-bacterial sepsis in these cases may arise
from resistant organisms, and previous exposure to antibiotics
is likely to induce more severe sepsis. We encourage our col-
leagues to be vigilant in their selection and use of antibiotics
as well as cognizant of the non-bacterial causes of sepsis and
the conditions, situations, and populations in which they may
occur. Furthermore, the importance of the multidisciplinary
approach to the septic patient cannot be strongly emphasized
enough.

The implementation of novel methods of triage, namely
using pattern recognition to more accurately estimate the cause
of pathogenic sepsis before administration of treatment, may
be beneficial. It is not meant to delay initial treatment of the
septic patient. Education of health care professionals on simi-
larities and differences in typical patients for each sepsis sub-
type may lead to faster and more accurate diagnosis, or at least
provide a rational basis for a pivot in clinical treatment if a
patient responds poorly. However, this approach would have to
be supported by clinical studies and would be in addition to,
not instead of, current triage and treatment protocols. Taking



Dolin et al

into account subtle differences in symptoms as well as pattern

recognition of likely demographics, health care workers may be

able to more quickly ascertain and begin the proper treatment

while at the same time adding to the body of scientific knowl-
edge regarding the approach to sepsis.
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