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Sepsis is a life-threatening organ dysfunction that is caused by a dysregulated host response to infection. Sepsis may be caused by bacterial,
fungal, or viral pathogens. The clinical manifestations exhibited by patients with severe coronavirus disease 2019 (COVID-19)-related
sepsis overlap with those exhibited by patients with sepsis from secondary bacterial or fungal infections and can include an altered
mental status, dyspnea, reduced urine output, tachycardia, and hypotension. Critically ill patients hospitalized with severe acute
respiratory syndrome coronavirus 2 infections have increased risk for secondary bacterial and fungal infections. The same risk factors
that may predispose to sepsis and poor outcome from bloodstream infections (BSIs) converge in patients with severe COVID-19.
Current diagnostic standards for distinguishing between (1) patients who are critically ill, septic, and have COVID-19 and (2)
patients with sepsis from other causes leave healthcare providers with 2 suboptimal choices. The first choice is to empirically
administer broad-spectrum, antimicrobial therapy for what may or may not be sepsis. Such treatment may not only be ineffective
and inappropriate, but it also has the potential to cause harm. The development of better methods to identify and characterize
antimicrobial susceptibility will guide more accurate therapeutic interventions and reduce the evolution of new antibiotic-resistant
strains. The ideal diagnostic test should (1) be rapid and reliable, (2) have a lower limit of detection than blood culture, and (3) be
able to detect a specific organism and drug sensitivity directly from a clinical specimen. Rapid direct detection of antimicrobial-

resistant pathogens would allow targeted therapy and result in improved outcomes in patients with severe COVID-19 and sepsis.

In this Perspective paper, we identify un-
met needs in the management of sepsis
in critically ill patients with COVID-19
and present strategies to improve patient
outcome. A discussion of the burden
of sepsis from an epidemiologic and
personal perspective is followed by a re-
view of the pathophysiology of sepsis
and the rationale for early detection
and therapeutic intervention especially
in patients at high risk of becoming
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septic. People most at risk include individ-
uals living in disadvantaged and under-
served minority communities. The most
immediate measures that may improve
patient outcome are the implementation
of molecular detection systems that rapid-
ly identify viral, bacterial, and fungal path-

ogens in the bloodstream.

THE NATIONAL AND GLOBAL
BURDEN OF SEPSIS

Sepsis is a life-threatening organ dys-
function that is caused by a dysregulated
host response to infection and is respon-
sible for at least 1 in 3 hospital deaths.
When an infection progresses to sepsis,
organ dysfunction ensues. Sepsis kills ap-
proximately 350 000 Americans annually
(270 000 hospital deaths and an addition-
al 80000 to 100000 deaths of patients
discharged to inpatient hospice) [1-3]
and claims more lives than the top 3 can-
cers combined (lung, colorectal, breast)
[4]. In a study of Medicare beneficiaries,
sepsis was recognized to be the costliest
hospital inpatient condition [5].

Sepsis is a leading cause of death that im-
poses a heavy financial burden on all coun-
tries. For example, there are an estimated
4 million annual cases in Europe resulting
in 680000 deaths per year. The United
States spends an estimated $62 billion annu-
ally on sepsis treatment, making it the most
expensive in-hospital therapeutic cost [6].
The global burden of sepsis, from any cause,
is estimated to be 50 million cases per year
and is the cause of 1 in 5 deaths, with a dis-
proportionate number being from low- to
middle-income countries [7].

Septic shock in patients is a subset of
sepsis in which underlying abnormalities
in hemodynamics and cellular metabo-
lism are profound enough to substan-
tially increase mortality [8]. For each
hour of delay in providing appropriate
therapy, survival decreases by 7.6% [9].
Sepsis is a severe health hazard requiring
timely and appropriate therapy.

SEPSIS IS PERSONAL

Sepsis in a patient is more than a statistic;
for those affected, it is life changing. The
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personal experience in 2018 of one of the
authors (RAB) illustrates this point. After
sustaining a thumb puncture wound
from a rose thorn while working in his
garden, he did what most would do—he
ignored it and attributed it to the cost
of being a gardener. That changed quick-
ly as his thumb and hand began to swell
and become painful. A trip to a free-
standing emergency center resulted in
the administration of an oral broad-
spectrum antibiotic. His situation soon
worsened and a trip to the Emergency
Room ensued. After an infectious disease
consultation, more broad-spectrum anti-
biotics were administered intravenously,
and he was admitted for monitoring.
Deterioration continued even as the anti-
biotics flowed. Although he was being
treated, the treatment regimen proved
to be inappropriate and ineffective be-
cause the causative organism was not
correctly identified, nor was its suscepti-
bility to antimicrobials accurately deter-
mined in a timely fashion.

The delay in diagnosis led to the devel-
opment of life-threating sepsis because
accurate microbial identification and sus-
ceptibility determination required days.
Ultimately, a regimen of intravenously
administered vancomycin followed by a
step down of 21 days of oral clindamycin
proved to be effective and lifesaving.

PATHOPHYSIOLOGY OF SEPSIS
AND SEVERE CORONAVIRUS
DISEASE 2019

A brief review of the pathophysiology of
sepsis underscores the rapidity of poten-
tially lethal multisystem organ damage
and the need for rapid initiation of anti-
microbial therapy guided by accurate mi-
crobiological diagnosis. The immune
system of septic patients responds to
pathogen-associated molecular patterns,
which activate innate host defenses to de-
stroy intruding pathogens. When re-
sponding to overwhelming sepsis, the
immune system may become hyperacti-
vated, contributing to tissue injury, mul-
tisystem failure, and death.

Microbial pathogens also inflict direct
injury to host cells by eliciting inflamma-
tion that compromises local circulation

Both

organism-mediated injury and host inflam-

and produces organ damage.

matory damage contribute to the release of

host molecules, known as danger-
associated-molecular-patterns. ~ Danger-
associated-molecular-patterns, such as

fibronectin, heat shock proteins, uric acid,
and ATP, are molecules within cells that
are released from damaged host cells that
paralyze immune response to microbial
pathogens [10].

At the both

Gram-negative and Gram-positive bacteri-

intracellular  level,
al pathogens, as well as Candida spp, trig-
ger the release of nuclear factor-kappa B
(NF-kB). The NF-kB proteins are dimeric,
sequence-specific, transcription factors in-
volved in the activation of an exceptionally
large number of genes in response to in-
flammation, viral and bacterial infections,
as well as other physiologically stressful
events [11]. Once transferred to the nucle-
us, NF-kB proteins initiate transcription of
immunomodulatory cytokines including
interleukin (IL)-1p, IL-10, and tumor ne-
crosis factor (TNF)a.

Release of these proinflammatory and
immunomodulatory cytokines leads to
the increased production of prostaglan-
dins, proteases, leukotrienes, and oxidative
metabolites from phagocytic cells. These
inflammatory mediators lead to microvas-
cular coagulopathy and multisystem tissue
injury. Sepsis-related pulmonary injury re-
sults from a combination of cytokine re-
lease, interstitial and intra-alveolar fluid
accumulation, as well as extravasation of
neutrophils into the interstitial and alveo-
lar spaces.

The exhibited by
COVID-19 sepsis in patients overlap

symptoms

with those experienced by those with sep-
sis from secondary bacterial or fungal in-
fections and can include altered mental
status, dyspnea, reduced urine output,
tachycardia, hypotension [12], and mul-
tisystem failure [13]. The development
and implementation of rapid diagnostics
is imperative for distinguishing the

overlapping clinical manifestations sep-
sis and of COVID-19.

Beltran-Garcia et al [12] underscored the
parallels in patients between sepsis and se-
vere COVID-19; these include fever, leuko-
penia, hypotension, thrombocytopenia,
coagulopathy, microthrombosis, and hemo-
lytic anemia. Both conditions are character-
ized by increased proinflammatory cytokine
production, including IL-6, IL-1B, IL-2,
IL-8, IL-17, and TNFo. Sepsis
COVID-19 inflammatory response also

and

may result in respiratory failure, multiorgan
dysfunction syndrome, hyperbilirubinemia,
decreased glomerular filtration rate, hypoal-
buminemia, immune dysregulation, and
predisposition to opportunistic infections.

Severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2)-triggered hyper-
activation of the lectin pathway of
complement has been reported to cause
hypocomplementemia and a dysfunctional
adaptive immune response, greatly dimin-
ishing both microbial killing via the mem-
brane attack complex and clearance by
opsonization [14]. In recent studies of pa-
tients suffering from acute severe
COVID-19, researchers found that sec-
ondary hypocomplementemia rendering
activation of the antibody-dependent clas-
sic pathway inactive and significantly de-
creasing serum bactericidal activity may
be a critical mechanism underlying the
predilection for bacterial sepsis. Despite
the presence of patient serum antibodies
against Klebsiella pneumoniae, serum bac-
tericidal activity and complement opsoni-
zation of K pneumoniae were decreased
in sera of patients with acute COVID-19
as the result of reduced complement func-
tional activity (CHsp). These data support
the hypothesis that complement consump-
tion and secondary hypocomplementemia
in the early phase of severe COVID-19is an
important risk factor for secondary bacte-
rial infections.

BURDEN OF SEPSIS IN
CORONAVIRUS DISEASE 2019

Critically ill patients hospitalized with
SARS-CoV-2 infections are at increased
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risk for secondary bacterial and fungal
infections [14-22]. Little et al [18] re-
ported that patients with COVID-19 suf-
fered a mortality rate of 15.8% compared
with the 4.1% of patients hospitalized
with influenza. Patients hospitalized
with COVID-19 are at a 22% increased
risk of developing sepsis and 113%
more likely to go on to develop septic
shock compared with patients hospital-
ized with influenza. This cascade of dis-
ease progression may be prevented with
rapid and accurate diagnostic and thera-
peutic interventions.

Among the earliest studies of sepsis in
patients afflicted with COVID-19, Zhang
et al [16] observed that within a cohort of
patients with COVID-19 admitted to the
ICU in a single university hospital in
Wuhan from January 2, 2020 to February
10,2020, 22 (58%) of 38 patients with severe
COVID-19 developed secondary infec-
tions, including bloodstream, respiratory,
and urinary infections. Gram-negative
bacilli constituted 50% of these infections.
These secondary infections contributed
to a higher mortality rate than among pa-
tients who did not have secondary infec-
tions. Among the 221 patients studied,
16 (7.2%) had invasive mechanical venti-
lation (IMV) and 10 (4.5%) had IMV plus
extracorporeal membrane oxygenation
(ECMO). However, among those patients
with severe COVID-19, patients with
IMV and IMV plus ECMO constituted
29.1% and 18.2%, respectively.

Puzniak et al [19] conducted a multicen-
ter analysis of the clinical microbiology and
antimicrobial usage in patients hospitalized
in the United States with or without
COVID-19, between March 1 and May 31,
2020, at 241 acute care hospitals in the BD
Insights Research Database. There were 17
003 patients (12%) with bloodstream infec-
tions (BSIs), 24% of whom were in the inten-
sive care unit (ICU). The most common
organisms causing BSI were Staphylococcus
aureus, Escherichia coli, Candida albicans,
and Pseudomonas aeruginosa, K pneumo-
niae, and Enterococcus faecalis. Patients
with COVID-19 suffered higher rates of
hospital-onset

infections, antimicrobial

usage, as well as increased hospital and
ICU length of stays.

Nucci et al [20] found an increased in-
cidence of candidemia in patients admit-
ted to a tertiary care hospital during the
height of the COVID-19 pandemic.
Two periods were compared: January
2019 to February 2020 (period 1) and
March to September 2020 (period 2).
Forty-one episodes of candidemia were
documented, including 16 in period 1
and 25 in period 2 (9 patients with
COVID-19). The incidence of candide-
mia (per 1000 admissions) was 1.54 in
period 1 (pre-COVID-19) versus 7.44 in
period 2 (COVID-19) (P < .001).

A systematic review and meta-analysis
reported by Landsbury et al [21] of coin-
fections in patients with COVID-19 con-
sisted of 30 studies and 3834 patients. A
bacterial coinfection was found in 7%
(95% confidence interval [CI], 3%-12%)
with a higher proportion of ICU patients
having bacterial coinfections than those
in mixed ward/ICU settings (14%; 95%
CI, 5-26).

In assessing risk factors for secondary
BSIs and outcomes in 375 patients hospi-
talized with severe COVID-19, Bhatt et al
[22] conducted a multicenter, case-control
study and found that 34% of patients (128)
suffered BSIs, including 117 (91.4%) bacte-
rial and 7 (5.5%) fungal, with the most
common organisms being Staphylococcus
epidermidis, S aureus, E faecalis, E coli, C al-
bicans, and Candida glabrata.

CONVERGENCE OF RISK FACTORS
FOR MORTALITY IN SEPSIS AND
SEVERE CORONAVIRUS DISEASE
2019

The same risk factors that may predis-
pose to sepsis and poor outcome from
BSIs converge in patients with severe
COVID-19. Advanced age, diabetes mel-
litus, obesity, immunocompromised
conditions, antineoplastic therapy, he-
matological malignancies, transplanta-
tion, and other immune impaired
conditions increase the risk for sepsis in
patients  hospitalized  with

COVID-19.

severe

SEPSIS, CORONAVIRUS DISEASE
2019, AND HEALTH CARE
INEQUITY

By improving the outcome of sepsis, the
disparate outcomes from COVID-19 in
historically ~disadvantaged minorities
may also be improved. Although the
United States spends more per capita
on healthcare than any other developed
country [23], that care is not distributed
equitably [24]. The United States consis-
tently has among the highest disparities
across a diverse set of self-reported health
and healthcare measures. The people at
greatest risk of being underserved often
live in areas of geographic isolation
with persistent shortages of healthcare
providers. Underserved people frequent-
ly have lower socioeconomic status, low-
er levels of educational attainment,
cultural and social differences, and lack
health insurance [25]. The underserved
inhabit remote rural areas as well as inner
cities; they include ethnic minorities,
prisoners, the poor, elderly, homeless,
marginalized, physically challenged, and
mentally challenged individuals.

Indigenous Americans, Pacific Island
Americans, and Black Americans have
the highest mortality rates from
COVID-19 infections [26]. Healthcare
disparity plays a role in explaining the
disproportional burden. Healthcare in-
equity is most obvious in “healthcare de-
serts”, which is defined as geographic
areas where needed medical, behavioral,
mental, dental, and/or pharmaceutical
healthcare services are extremely limited
or altogether unavailable [27]. The key to
understanding healthcare deserts is the
distinction between “availability” of care
and “access” to care. The former without
the latter creates a desert. The degree to
which these disparities impact upon sep-
sis in critically ill patients with severe
COVID-19 is unknown.

RESPONSE TO SEPSIS IN
CORONAVIRUS DISEASE 2019

The European Society of Intensive
Medicine, Global Sepsis Alliance, and
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the Society of Critical Care Medicine in a
recent report proposed that increasing
the awareness of sepsis in COVID-19
may be a vehicle by which the global bur-
den of sepsis can be reduced [28]. The
standards of care for sepsis management
include volume resuscitation, antimicro-
bial agents, anticoagulation, hemody-
namic  support, oxygen/ventilatory
support, and renal replacement therapy.
Timing of initiation of antimicrobial
agents is critical in sepsis. As noted
above, each hour of delay in appropriate
treatment increases mortality at an esti-
mated 7.6%. The duration of hypoten-
sion before initiation of effective
therapy is a critical determinant of sur-
vival in septic shock [9].

Current diagnostic standards for dis-
tinguishing between (1) patients who are
critically ill, septic, and have COVID-19
and (2) patients with sepsis from other
causes leave healthcare providers with 2
suboptimal choices. The first choice is to
empirically administer broad-spectrum,
antimicrobial therapy for what may, or
may not, be sepsis. Such treatment may
not only be ineffective and inappropriate,
but it also has the potential to cause harm.
The harm can take the form of allowing
the disease to progress, causing adverse
or allergic drug reactions, increasing the
risk of Clostridioides difficile diarrhea,
and/or fostering the development of anti-
microbial resistance (AMR) and multiple
drug-resistant organisms. The second
choice is to wait for an accurate diagnosis
from blood cultures and susceptibility
profiles. Although this course would en-
sure more appropriate and targeted ther-
apy, obtaining the “gold standard” blood
cultures takes 24-72 hours or longer, de-
pending upon the pathogen. These 2 sub-
optimal approaches pinpoint the problem
and highlight the need to develop better
and more rapid diagnostics for patients
with sepsis.

ANTIMICROBIAL RESISTANCE

The emergence of AMR is a global prob-
lem that, according to the World Health

Organization and the World Bank,
threatens our ability to successfully treat
bacterial infections [29]. The reported in-
cidence of deaths from AMR is 1.27 mil-
lion/year but the actual number is likely
to be much higher. The lives lost and
the costs incurred are projected to result
in a 3.8% reduction in annual gross do-
mestic product by 2050. Despite this om-
inous mortality related to AMR, there
remains a paucity of new antimicrobial
agents with novel targets [30].

A systematic review and meta-analysis
of patients with COVID-19 during the
first 18 months of the pandemic from
November 2019 to June 2021 document-
ed a pooled prevalence of coinfection of
24% ((95% CI, 8%-40%) with AMR in
bacterial and fungal pathogens [31].
The development of better testing to
identify and characterize AMR will guide
more accurate therapeutic interventions
and reduce the selection evolution of
new antibiotic-resistant strains.

RAPID MICROBIAL DIAGNOSTICS

The need for rapid microbial diagnostics
for early sepsis detection and treatment is
essential. Such rapid testing ideally would
be conducted at the bedside and would of-
fer a significant advantage over current
blood culture testing that requires days to
complete and frequently delays the admin-
istration of appropriate life-saving therapy.
In the absence of point-of-care detection of
pathogens causing sepsis, rapidly available
laboratory-based diagnostic data may
guide initial empirical antimicrobial
therapy.

The current gold standard for the de-
tection of sepsis-causing pathogens is a
blood culture that requires approximately
24-72 hours for [32].

Effective treatment of sepsis requires a

completion

timelier intervention. There are numer-
ous nonspecific biomarkers that are ele-
vated or prolonged in patients with
sepsis, including the white blood cell
count, serum lactate level, C-reactive pro-
tein level, procalcitonin level, prothrom-
bin time and partial thromboplastin

time, platelet count, and d-dimer levels
[33-35]. Although these tests are valuable
in management of patients with severe
COVID-19, they may yield abnormal re-
sults in a wide range of inflammatory, in-
fectious, or disease conditions.

The ideal rapid diagnostic test would
(1) be rapid and reliable, (2) have a lower
limit of detection (LOD) than blood cul-
ture, and (3) be able to detect a specific
organism directly from a clinical speci-
men. The LOD is the smallest amount
of an analyte that can reliably be detected;
LOD is also referred to as analytic sensi-
tivity. In practical terms, LOD is the low-
est level of analyte that can be statistically
distinguished from a blank sample [36].

Rapid microbial diagnostics are critical to
improving the management of patients by
providing key working data to distinguish
between sepsis caused by bacteria or fungi
versus SARS-CoV-2 versus a combination
of the 2. There are numerous US Food
and Drug Administration (FDA)-approved
molecular diagnostic tests for detecting
sepsis-causing pathogens; some are culture
independent [37-42].

The procalcitonin test detects host re-
sponse to pathogens and is useful in dis-
tinguishing viral from bacterial infection
[39]. There are also culture-dependent
rapid diagnostic tests that rely on blood
culture results before they can be lever-
aged, such as matrix-assisted laser de-
sorption ionization time-of-flight mass
spectrometry, real-time multiplex poly-
merase chain reaction (PCR), and in
situ hybridization [40-42].

Among other culture-independent sys-
tems for detection of bacteremia and can-
didemia that provide rapid detection are
magnetic resonance (T2 Biosystems),
metagenomic shotgun sequencing, nucleic
acid amplification tests (NAATSs), and
non-NAATs, including assays for detec-
tion of (1—3)-B-p-glucan, as well as man-
nan antigen/antibody. Currently available
rapid molecular systems for diagnosis of
sepsis include SeptiTest-UMD CE IVD,
MicroDx UMD, SeptiFast, Magicplex
Sepsis Real-Time test (Seegene), Accelrate
Pheno platform, and T2MR.
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The T2MR platform is the only
FDA-approved, rapid culture-independent
molecular system that identifies common
bloodborne bacterial and fungal pathogens
directly from blood within 3-5 hours.
Based upon 2 large pivotal studies, these
detectable pathogens include S aureus,
E faecium, E coli, K pneumoniae, and P aer-
uginosa, as well as the common medically
important Candida spp: C albicans, C tropi-
calis, C parapsilosis, C glabrata, and C kru-
sei [43, 44].

Several commercial systems have also
streamlined and partly automatized the
follow-up of antimicrobial susceptibility
testing from positive blood cultures.
Systems such as the Vitek and Microscan
instruments perform automated turbidity
measurement for multiwell liquid cultures.
The BD Phoenix system applies a redox
indicator to enhance the detection of
organism growth. These systems have
turnaround times as short as 4 hours for
identification and 6-8 hours for suscepti-
bility testing [45]. The CE-marked Alfed
60 AST system (Alifax Srl, Via F.
Petrarca, 2/1,35020 Polverara PD, Italy)
uses sensitive laser-light-scattering tech-
nology to detect bacterial growth in aliquid
culture broth and provides antimicrobial
susceptibility results directly from positive
blood culture bottles within 4-6 hours.

A REAL-WORLD PERSPECTIVE

This paper began at the bedside with the
perspective of one of our authors and
now concludes with that of another,
MWM. He has cared for more than
2000 patients with COVID-19 and esti-
mates that approximately 20% of patients
with severe COVID-19 who are admitted
to an intensive care unit will develop sep-
sis. The challenges are distinguishing the
clinical manifestations of sepsis versus
those of COVID-19 and often warrant
the empirical use of broad-spectrum an-
timicrobial agents with further adjust-

of blood,
and

ment pending results

respiratory  secretions, urine.
Hospitalization may result in repeated

exposure to antimicrobial agents for

suspected sepsis. The development of
more point-of-care assays or rapid clin-
ical microbiological assays will greatly
improve targeted therapy, reduce un-
necessary antimicrobial exposures, re-
duce adverse events, reduce emergence
of resistant pathogens, and strengthen
stewardship.

Rapid diagnostic tests have the poten-
tial to improve outcomes for patients
with severe COVID-19.
However, having improved diagnostics

sepsis and
and technologies available will not solve
the problem in and of themselves.
Healthcare providers and patients should
be educated about their value and that the
improved technologies be incorporated
into medical practice. The challenges are
many, but they can be addressed. The first
step is to raise awareness of the ubiquity of
sepsis as a cause of morbidity and mortal-
ity in hospitalized patients. Next, an em-
pirical approach to therapeutics can
evolve to targeted therapy based upon
rapidly available and more accurate
data. Finally, rapid diagnostics must be
deployed for use and be accessible for
use across all segments of the healthcare
system. Doing so will shorten the lag
from time of exposure to appropriate
and targeted therapy, reduce the likeli-
hood of administration of unnecessary
drugs, and improve  outcome.
Healthcare costs will be lowered simply
by eliminating the administration of un-
necessary and  ineffective  drugs.
Shortened hospital length of stay will
free up hospital beds and ease staffing
shortfalls. Targeted, effective therapy
will reduce the probability of developing
AMR. The challenges of dealing with sep-
sis and SARS-CoV-2 are substantial, but
the rewards for doing so are much greater.

Early clinical bedside recognition and
targeted treatment of potentially infected
foci in patients with wounds, peripheral
or central venous catheter insertion
sites, or secondary onset bacterial pneu-
monia may prevent a catastrophic septic
event.

Ginsburg and Klugman [46], in their

prescient essay written in 2020, warned

of the potential for emergence of antimi-
crobial resistance in patients with
COVID-19 pneumonia. They further un-
derscored the diagnostic challenges of
recognizing secondary bacterial pneu-
monia and recommend a multitiered
COVID-19 diagnostic strategy that in-
corporates point-of-care tools to identify
those at risk. The evidence-based guide-
lines from the Dutch Working Party on
Antibiotic Policy recommended a dura-
tion of 5 days of antimicrobial therapy
in patients with proven or suspected sec-
ondary bacterial pneumonia in hospital-
ized patients with COVID-19, while
monitoring symptoms, signs, and in-
flammatory biomarkers, thereby mini-
mizing unnecessary antibiotic exposure
in this complicated setting [47]. Pickens
et al [48] recommended against the
guideline-based empirical administra-
tion of antimicrobial agents at the time
of intubation in patients requiring me-
chanical intubation for COVID-19, em-
phasizing that treatment should be
determined by laboratory assessment of
bronchoalveolar lavage (BAL) fluid.
Rapid microbial diagnostics per-
formed on sputum, tracheal aspirates,
and BAL fluid may complement culture-
based laboratory methods to afford early
targeted treatment of secondary pneu-
monias and prevent sepsis. For example,
the BioFire FilmArray Pneumonia Panel
Plus (BFPP), which is a multiplexed
PCR system with a turnaround time of
detects 27
hospital-associated bacterial and viral re-

approximately 1 hour,
spiratory pathogens and 7 antimicrobial
resistance genes [49]. The Unyvero
Lower Respiratory Tract Panel also uses
a rapid multiplexed PCR system with di-
agnostic yield under 5 hours for detec-
tion of 19 common bacterial causes of
hospital-acquired pneumonia, 10 antimi-
crobial resistance genes, and, uniquely,
Pneumocystis jirovecii [50].

Consistent with these pressing unmet
needs in the care of critically ill patients
with sepsis and COVID-19, the Centers
for Disease Control and Prevention

(CDC) [51] recently reported that
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antimicrobial-resistant, hospital-related
infections increased by 15% from 2019
to 2020. During this period of ini-
tial onslaught of the pandemic, infec-
tions caused by carbapenem-resistant
Acinetobacter spp increased by 78%,
multidrug-resistant P aeruginosa in-
creased by 32%, carbapenem-resistant
Enterobacterales increased by 35%,
antifungal-resistant Candida auris in-
creased by 60%, and other resistant
Candida spp increased by 26%. The
need for new technologies to rapidly de-
tect these pathogens from blood and
other specimens as a guide to initial an-
timicrobial therapy is essential for im-
proved outcome.

CONCLUSIONS

In this Perspective, we reviewed the bur-
den of bacterial and fungal sepsis from
epidemiological and personal view-
points. We highlighted the convergence
of risk factors and clinical manifestations
of severe COVID-19 and sepsis posing a
daunting bedside challenge to accurate
diagnosis. Although administration of
broad-spectrum antimicrobial therapy
in the absence of a microbial diagnosis
is the standard of care in the empirical
management of sepsis, the strategy is
also associated with adverse events and
selection of resistant pathogens. In re-
sponse, we further underscore the
CDC’s call for adoption and implemen-
tation of early and accurate microbial di-
targeted, initial,

agnosis to guide

antimicrobial therapy.
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