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Abstract

Bloodstream infections are a leading cause of morbidity and mortality. Molecular rapid
diagnostic tests (mRDTs) are transforming care for patients with bloodstream infection by
providing the opportunity to dramatically shorten times to effective therapy and speeding de-
escalation of overly-broad empiric therapy. However, because of the novelty of these tests
which provide information regarding microbial identification and whether specific antibiotic-
resistance mutations were detected, many frontline providers still delay final decisions until
complete phenotypic susceptibility results are available several days later. Thus the benefits of
mRDTs have been largely limited to circumstances where antimicrobial stewardship programs
closely monitor these tests and intervene as soon as the results are available. We searched
PubMed and Google Scholar for articles published from 1980-2019 using the terms antibiotic,
antifungal, bacteremia, bloodstream infection, candidemia, candidiasis, children, coagulase
negative staphylococcus, consultation, contamination, costs, echocardiogram, endocarditis,
enterobacteriaceae, enterococcus, gram-negative, guidelines, IDSA, immunocompromised,
infectious disease or ID, lumbar puncture, meningitis, mortality, MRSA, MSSA, neonatal,
outcomes, pediatric, pneumococcal, polymicrobial, pseudomonas, rapid diagnostic testing,
resistance, risk factors, sepsis, staphylococcus aureus, stewardship, streptococcus, treatment.
With the data from this search, we aim to provide guidance to frontline providers regarding the
interpretation and immediate actions to be taken in response to the identification of common
bloodstream pathogens by mRDTs. In addition to antimicrobial therapy, additional diagnostic
or therapeutic interventions are recommended for particular organisms and clinical settings to
either determine the extent of infection or control its source. Pediatric perspectives are offered

for those bloodstream pathogens for which management differs from that in adults.



Abbreviations and Acronyms:

CDC = Centers for Disease Control and Prevention

CoNS = coagulase-negative staphylococci

CRE = Carbapenem-Resistant Enterobacteriaceae

CTX-M = CefoTaXime active B-lactamases, first isolated in Munich
CVC = central venous catheter

ESBL = Extended spectrum beta-lactamase

GAS = group A streptococcus

Hib = Haemophilus influenzae type b

IDSA = Infectious Diseases Society of America

IMP = Imipenem-resistant Pseudomonas (IMP)-type carbapenemases
IVIG = intravenous immunoglobulin

KPC = Klebsiella pneumoniae carbapenemase

MALDI-TOF = matrix-assisted laser desorption/ionization time-of-flight
MRSA = methicillin-resistant Staphylococcus aureus

MSSA = methicillin-susceptible Staphylococcus aureus

N.A. = not applicable

NDM = New Delhi Metallo-beta-lactamase

OXA = Oxacillin-hydrolysing (OXA) carbapenemases

SAB = Staphylococcus aureus bacteremia

STSS = streptococcal toxic shock syndrome

TEE = transesophageal echocardiogram

TTE = transtracheal echocardiogram

TMP-SMX = trimethoprim sulfamethoxazole

VIM = Verona Integron-Mediated Metallo-B-lactamase



Introduction

Each year >1.7 million adults in the United States develop sepsis, accounting for 270,000 deaths
or 1 in 3 patients who die in a hospital.! Septicemia is the most expensive condition treated in
U.S. hospitals, accounting for $24B in healthcare costs annually.? Delays in initiation of
effective antimicrobial therapy increase the risk of mortality, particularly for patients with septic
shock.>* Yet, in a meta-analysis of 70 individual studies, 46% of sepsis patients were found to
have been given inappropriate empiric therapy.’> When combined with an antimicrobial
stewardship program, mRDTs for identification of the causative agent of bloodstream infection
and the detection of salient resistance mutations result in more rapid implementation of
pathogen-directed antimicrobial therapy, shorter length of stay, and reduced mortality.® For
these reasons, the 2016 Infectious Diseases Society of America Antimicrobial Stewardship
Program guidelines recommend the use of rapid diagnostic testing as a key to improving

outcomes from bloodstream infections.’

A number of mRDTs have been developed both for whole blood and positive blood cultures that
dramatically decrease the time to pathogen identification compared to conventional methods
(Figure 1). As a general rule, microbiology laboratories will initially provide clinicians with the
results of a Gram-stain of organisms found in positive blood cultures, then either simultaneously
or within a few hours (depending on laboratory workflow at the same time), the laboratory will
also provide the mRDT results for both the identity of the infecting organism and the presence of

resistance genes.

In settings where mRDTs have been adopted by clinical microbiology laboratories, the identity
of a bloodstream pathogen enables assessment of diagnostic and therapeutic management prior to

complete phenotypic antimicrobial susceptibility results. When integrated with an antimicrobial



stewardship program, knowing the pathogen and whether important mutations that mediate
antimicrobial resistance are present enables the provider to take immediate actions to optimize
care.’ Pathogen-directed therapy shortens time to effective therapy (by indicating when therapy
needs to be escalated), allows for discontinuation of unnecessarily broad or toxic therapy (de-
escalation) and provides insight into the source of infection, with significant impacts on clinical

outcomes and the cost of care for patients with sepsis and bloodstream infections.5 °-!!

We searched PubMed and Google Scholar for articles published from 1980-2019 using the terms
antibiotic, antifungal, bacteremia, bloodstream infection, candidemia, candidiasis, children,
coagulase negative staphylococcus, consultation, contamination, costs, echocardiogram,
endocarditis, enterobacteriaceae, enterococcus, gram-negative, guidelines, IDSA,
immunocompromised, infectious disease or ID, lumbar puncture, meningitis, mortality, MRSA,
MSSA, neonatal, outcomes, pediatric, pneumococcal, polymicrobial, Pseudomonas, rapid
diagnostic testing, resistance, risk factors, sepsis, staphylococcus aureus, stewardship,
streptococcus, treatment. With the data from this search, we aim to provide guidance for how
mRDT results may be applied to modify antimicrobial therapy and expedite other aspects of
management for patients with bloodstream infection. It is important to keep in mind that such
general guidance cannot account for an individual patient’s particular clinical circumstances and
should never replace physician judgement. Nevertheless, identification of a specific bloodstream
pathogen presents an opportunity to focus and/or de-escalate therapy, because initial empiric
antimicrobial therapy is often overly broad and de-escalation provides important clinical and
healthcare economic benefits.!? Pediatric perspectives are included such as the need for
examination of cerebrospinal fluid in children under 1 month of age for most bloodstream

infections.



Staphylococci

Staphylococci are Gram-positive bacteria which appear in clusters on Gram stain. This genus
includes highly pathogenic S. aureus, as well as coagulase-negative staphylococci (CoNS),

which are common skin flora and blood culture contaminants.

Staphylococcus aureus. S. aureus most commonly causes skin and soft tissue infections, but
can also cause pneumonia, bone and joint infections, bacteremia, and endocarditis. S. aureus
bacteremia (SAB) is frequent, ranging from 18% for community-acquired to 30% for hospital-
acquired bacteremia.'? S. aureus found in the blood should always be treated as being a true
bacteremia and it is associated with significant mortality (between 20 to 40% depending on

methicillin resistance and comorbidities).'*

Once S. aureus has been confirmed via conventional methods or by mRDT (i.e., when both
“Staphylococcus” and “S. aureus” probes turn positive), treatment will depend on whether the
mecA gene (the major determinant of methicillin-resistance) is detected (Figure 2). With
infections due to methicillin-resistant S. aureus (MRSA) or when methicillin susceptibility is
unknown, either vancomycin or daptomycin is generally recommended. Daptomycin may be
preferable to vancomycin in patients receiving outpatient parenteral antimicrobial therapy and/or
on hemodialysis, due to ease of use and dosing. Because of the risk of rhabdomyolysis, creatine
kinase levels should be checked for patients on daptomycin and it is prudent to temporarily
interrupt co-administration of statins. Daptomycin is not indicated in cases where SAB is
associated with pneumonia; in such cases linezolid may be considered as an appropriate
alternative to vancomycin. Many institutions require contact isolation for patients with MRSA

infections.



If mecA is not detected, the isolate is almost certain to be methicillin-susceptible (i.e., MSSA).
Clinicians however should be aware that although quite uncommon at present, other genes (e.g.,
mecC) that are not detected by all rapid diagnostic platforms (Table 1) can confer methicillin-
resistance. Therapy for MSSA should be narrowed to anti-staphylococcal beta-lactam agents
(e.g., oxacillin). These agents are superior to vancomycin for clearance of MSSA bacteremia and
prevention of recurrence.!® Cefazolin is an alternative choice for patients with non-anaphylactic

penicillin allergies.

Next, clinicians should focus on source identification and control. The most common sources of
SAB are complicated skin and soft tissue infections, intravenous catheters (both peripheral and
central), implanted devices including prosthetic valves, or cerebrospinal fluid shunts.'® Any
potentially localizing symptoms such as back pain may indicate metastatic infection and can

guide further imaging.

Depending on the clinical scenario, source control can include abscess drainage, osteomyelitis
debridement, and CVC removal (when possible). Repeat blood cultures should be confirmed as
being negative prior to placement of a new CVC.!” In all cases of SAB, transthoracic
echocardiography (TTE) should be performed to rule out endocarditis.'® ' Whether or not a
transesophageal echocardiogram (TEE) is necessary for this evaluation requires careful
consideration of the risk factors and overall pre-test probability for infective endocarditis.?
Because the management of SAB often involves such nuanced decision-making, infectious
disease consultation is highly recommended. Across multiple studies, it has been associated with

improved outcomes, including decreased mortality.?!

Pediatric Perspective: In healthy children, SAB is often associated with skin or soft tissue

infections or osteomyelitis.>? Similar to adults, clinicians should conduct a thorough workup to



identify a source in children with SAB, including TTE and musculoskeletal imaging.'® Lumbar
puncture should always be considered in neonates less than 30 days of age with SAB, sepsis, and
without a focal source of infection.?> Occasionally, no source of SAB is identified, particularly in
children with co-morbidities that may increase their risk of bacteremia.**

Coagulase-negative Staphylococci (CoNS). CoNS, such as S. epidermidis, are common skin
flora and frequently isolated from blood cultures.?> CoNS often represent contamination rather
than true bacteremia,?® especially in the absence of CVCs or other foreign materials. An
important exception is S. /ugdunensis, which tends to behave more like S. aureus and can cause
significant morbidity.?” Features of CoNS associated with true bacteremia include >2
concomitant bottles with growth,? short time-to-culture positivity (i.e., < 24 hours),? and
presence of multiple SIRS criteria.?® CoNS is identified based on a positive mRDT for the
“Staphylococcus” genus but a negative result for “S. aureus”. Clinicians utilizing mRDT in their

practice should be careful to distinguish results indicating S. aureus vs. CoNS.

In cases of suspected blood sample contamination with CoNS in an asymptomatic patient who
lacks relevant risk factors for true infection, it may be prudent to stop/withhold antibiotics while
under close observation. For true bacteremia caused by CoNS, antibiotic selection can be guided
by mecA results with either vancomycin or anti-staphylococcal beta-lactams being typical agents.
Recommended durations of antibiotics vary, depending on the number of positive blood culture
bottles, presence of any foreign material, and whether there are other metastatic foci of
infection.!”3% In cases of catheter-related CoNS bacteremia, it may be reasonable in selected
circumstances to defer catheter removal while treating with intravenous antibiotics and/or
antibiotic lock therapy. However, if relapsing bacteremia or clinical deterioration occur, catheter
removal is almost always required.!” In cases of CVC infection with CoNS, infectious disease

consultation is recommended.



Pediatric Perspective: Although CoNS is frequently considered a contaminant, it can commonly
cause symptomatic infections in the neonatal intensive care unit, particularly in extremely
premature infants with a very low birthweight.>! 3 In this population it can lead to late and late,
late-onset sepsis. Because single blood cultures are frequently obtained in pediatric patients, if
can be difficult to differentiate CoNS bacteremia from contamination. CoNS can be associated
with device or surgical site infections patients with risk factors, including immunocompromised

children. Associated mortality secondary to CoNS bacteremia was only 5% in one NICU study.!

Streptococci

Streptococci are Gram-positive cocci that form pairs or chains. mRDTs are typically able to
specifically identify Groups A (S. pyogenes), B (S. agalactiae) and S. pneumoniae; other species
are identified only to the genus level as Streptococcus, which may represent beta-hemolytic
Streptococci (e.g., Group C and G) or alpha-hemolytic (viridans) Streptococci. The clinical
manifestations of disease due to beta-hemolytic Streptococci mimic those of Group A
Streptococci while alpha-hemolytic Streptococci are often associated with endocarditis, dental or
deep infections (e.g., intra-abdominal, liver or lung abscess and/or empyema) as well as sepsis,
especially in immunocompromised patients with hematologic malignancies. Penicillin G,
ampicillin, cefuroxime, ceftriaxone or cefotaxime are appropriate empiric therapy for non-
speciated streptococcal infections with vancomycin held in reserve for penicillin-allergic
patients, as adjunctive therapy with ceftriaxone for patients with meningitis or for treatment of
severely ill neutropenic patients at risk for infection by penicillin-resistant viridans
streptococci.’® Because of variation in susceptibility, empiric therapy with clindamycin,

fluoroquinolones and tetracyclines should be avoided.
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S. agalactiae (Group B)

S. agalactiae is a common cause of neonatal sepsis and pneumonia. In adults, bacteremia is
most often due to skin and soft tissue infections, but also accompanies septic arthritis, acute
bacterial meningitis and endocarditis. Diabetes, alcohol abuse, recurrent urinary tract infections
and hepatic cirrhosis are risk factors for invasive disease.’* Group B streptococci are susceptible
to penicillin G, ampicillin, and many cephalosporins. Resistance to clindamycin and

erythromycin is found in up to 40-50% of isolates.*

Pediatric Perspective: Group B streptococcal (GBS) bacteremia in infants is typically thought of
as occurring early (within the first 6 days of life), late (7 to 89 days after birth) and late, late
(after 90 days of birth).’® Children with early onset and late onset GBS bacteremia should be
evaluated for meningitis.’” Because GBS bacteremia can be associated with musculoskeletal
infections, clinicians should conduct a thorough physical examination and consider imaging of
Jjoints with MRI or x-ray if infection is suspected.’” Treatment of GBS bacteremia should be with
ampicillin and an aminoglycoside.’” Aminoglycosides can be discontinued when clinical and

microbiologic improvement is noted.*’

S. pneumoniae

Bacteremia due to S. pneumoniae most often accompanies pneumonia, but also prompts concern
for meningitis, septic arthritis and endocarditis. Risk factors for bacteremia include impairment
of humoral immunity (e.g., multiple myeloma, complement or immunoglobulin deficiencies),
functional or anatomic asplenia, chronic liver or kidney disease, congestive heart failure,

malnutrition, chronic obstructive airways disease, and HIV infection.
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Except for cases of suspected meningitis, where high dose ceftriaxone and vancomycin should be
given to overcome low-level resistance and poor drug penetration into the cerebrospinal fluid,
monotherapy with penicillin, ampicillin, ceftriaxone, cefotaxime, or, for beta-lactam intolerant
patients, vancomycin are the preferred therapies. Adults with S. pneumoniae meningitis also

benefit from adjunctive corticosteroids if administered before or with the first dose of antibiotics.

Pediatric Perspective: Children with S. pneumoniae bacteremia who are either less than 2
months of age or with altered mental status should undergo lumbar puncture as the risk of
concurrent meningitis is high.>% Since the introduction of pneumococcal conjugate vaccines, the
rate of invasive pneumococcal disease has declined significantly,’® therefore clinicians should
consider evaluating immunized children over 2 with severe invasive pneumococcal disease for

immunodeficiency, especially in children with invasive disease caused by a vaccine serotype.’’

S. pyogenes (group A B-hemolytic streptococcus)

S. pyogenes bacteremia most often accompanies skin or soft tissue infection, particularly
necrotizing fasciitis, but pneumonia, empyema, septic arthritis and, among those < 10 years of
age, meningitis are also common sources and/or complications.*® The most common underlying
conditions include recent surgery, other skin/skin structure injury as well the risk factors listed

above for S. pneumoniae.

Because of the universal susceptibility of S. pyogenes to penicillin, targeted therapy with
penicillin can be quickly implemented based on mRDT detection alone, without waiting for
phenotypic susceptibility results. Other appropriate therapies for Group A streptococcal (GAS)
bacteremia include penicillin G and cefazolin. Vancomycin should be reserved for penicillin-

allergic patients who cannot tolerate a cephalosporin; ciprofloxacin should not be used.
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Although clindamycin resistance can occur,*! it nonetheless has an important adjunctive role in
persons with streptococcal toxic shock syndrome (STSS). Urgent surgical debridement is crucial
in persons with necrotizing fasciitis; the role of adjunctive IVIG is less certain. To prevent
person-to-person transmission, patients with cutaneous or draining S. pyogenes infections should
be placed on contact isolation and, in the case of pneumonia or GAS pharyngitis, droplet

isolation for at least the first 24 hours of antimicrobial therapy.*¢

Pediatric perspective. Children with invasive GAS infections can present with localized
infection, such as an abscess, or more systemic disease including STSS.?% In STSS, streptococcal
strains produce toxins that can lead to fever, erythroderma, hypotension, and multiorgan
failure.’® Children with GAS bacteremia should be monitored for the development of STSS and
should receive supportive care as well as treatment with a bacterial protein synthesis inhibitor,

such as clindamycin, in addition to penicillin.>°

Enterococci

Portals of entry for enterococcal bacteremia include the gastrointestinal tract, the urinary tract,
intravascular catheters, and wounds. When found in only a single blood culture, a significant
percentage of isolates are contaminants or of uncertain significance.*> Severe sepsis in the
setting of enterococcal bacteremia is uncommon and should raise suspicion for polymicrobial
infection with Gram-negative bacteria. Persistent bacteremia should prompt concern for an
infected vascular catheter or endocarditis. Higher risk of endocarditis is also associated with
monomicrobial cultures with E. faecalis, prosthetic heart valve, male sex and community

acquisition.*?
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Enterococci in the bloodstream are usually either E. faecalis or E. faecium, organisms that differ
significantly in terms of antibiotic resistance and management. E. faecalis is typically treated
with ampicillin (or vancomycin for penicillin-allergic patients); if endocarditis is a concern high-
dose ceftriaxone or synergistic doses of gentamicin should be added. Beta-lactam and
vancomycin resistance is common among E. faecium isolates, which should be treated with high-
dose daptomycin (8-10mg/kg/day).** Vancomycin is appropriate therapy for E. faecium isolates

that are vanA/vanB negative.

Central venous catheters should be removed in patients with repeatedly positive blood cultures or
clinical deterioration. Echocardiography should be performed in patients with suspected
endocarditis, in which case infectious diseases consultation is also recommended. For patients in
whom endocarditis is not a concern, true bacteremia should be treated with systemic antibiotics
for 7-14 days.!” An attempt to sterilize short- and long-term catheters can be made by providing

concurrent antibiotic lock therapy.

Enterobacterales

The bacterial order Enterobacterales consists of several species of Gram-negative rods that are
often members of the human gut microbiota. The appropriate response to their identification by
mRDT platforms can be challenging to interpret owing to the diversity of their clinical disease
manifestations and capacity for antimicrobial resistance. Rapid identification platforms report
different combinations of Enterobacterales and resistance genes that can be associated with them

(Table 1).

The finding of Enterobacterales in blood often suggests an abdominal or urinary source.

Pneumonia may also be a consideration, especially for patients at risk for hospital-acquired or
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ventilator-associated pneumonia. Klebsiella pneumoniae can occasionally cause severe
community acquired pneumonia. Enterobacterales are sometimes responsible for catheter-

associated and skin and soft tissue infections in the nosocomial setting.

An important distinction must be made here between genotypic and phenotypic resistance
detection. There are many resistance mechanisms in Gram-negative bacteria, particularly
Enterobacterales, and multiple mechanisms may be simultaneously present with additive,
synergistic, or antagonistic effect. Furthermore, all resistance mechanisms are not captured by
mRDT, thus genotypic resistance detection may not be sufficient to rule out resistance and de-
escalate antibiotics. However, mRDTSs are sufficient to rule in resistance and escalate antibiotics
if a specific marker is identified. Thus, the choice of empiric antimicrobial therapy for
Enterobacterales bacteremia depends on the following factors: 1) species identification; 2)
detection of resistance genes by the rapid diagnostic platform; and 3) patient’s epidemiologic
risk for infection with an antimicrobial-resistant organism. When no resistance mechanisms are
detected, the clinician must still assess the risk that infection is caused by an antibiotic resistant
organism. Factors that influence this likelihood include recent colonization or infection with a
resistant organism, recent antibiotic use, residence in a long-term care facility, and hospital onset
of infection. In E. coli and related organisms (see Figure 3), if no such factors are present,
ceftriaxone is reasonable empiric therapy. Otherwise, ertapenem is likely a better choice, with
the optional addition of amikacin if the patient is critically ill or has a history of infection with
carbapenem-resistant organisms. Fluoroquinolones may also be options depending on local

antibiograms.

On the other hand, some enteric organisms are capable of inducible ampC B-lactamase
production. These organisms may initially show phenotypic susceptibility to ceftriaxone but

may develop resistance with treatment. Among Enterobacterales, ampC induction is most
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commonly present in Enterobacter, but can also be present in (among rapid pathogen
identification targets) Klebsiella aerogenes, Serratia marcescens, Citrobacter, and Morganella
morganii.*> % Identification of any of these species from blood (especially Enterobacter and K.
aerogenes) should prompt consideration of empiric therapy with cefepime or a carbapenem even
when no resistance genes are detected, though ceftriaxone may still be a reasonable choice in
non-critically ill patients in which source control has been achieved. Ertapenem is a particularly
attractive option when carbapenemases are not present and co-infection with Pseudomonas is not
present. General Enterobacterales probe positivity without species-specific probes turning
positive indicates bacteremia with a less common member of the Enterobacterales order;
consultation with Infectious Diseases is suggested when this occurs, though ertapenem (with

optional addition of amikacin if critically ill) should be adequate therapy.

The resistance genes detected by rapid diagnostic platforms that can be found in
Enterobacterales include CTX-M, the most common extended spectrum B-lactamase (ESBL) in
the United States, carbapenemases (KPC, NDM, VIM, IMP), and extended-spectrum [3-
lactamases (OXA, OXA-48-like) that can have carbapenemase activity when combined with
efflux pumps and other resistance mechanisms that impair membrane permeability.*’ If CTX-M
alone is detected in an Enterobacterales isolate, ertapenem is generally the best choice for
empiric therapy, with the optional addition of amikacin if the patient is critically ill or has a
history of infection with carbapenem-resistant organisms. KPC is presently the most common
carbapenemase in the United States; if no other carbapenemases are found organisms that harbor
KPCs can be treated with ceftazidime-avibactam, meropenem-vaborbactam or imipenem
cilastatin-relebactam. If OXA, or OXA-48-like genes are detected, ceftazidime-avibactam
(alone or in combination with another agent) is likely the best choice.*® Carbapenemases of the

metallo-B-lactamase family (NDM, VIM, IMP) pose the greatest challenge for treatment, as
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aside from cefiderocol,*

most new agents that have activity against non-metallo-f-lactamase
carbapenemases (e.g., ceftazidime-avibactam, meropenem-vaborbactam, imipenem cilastatin-
relebactam) are not active against them. Identification of any of the carbapenemases should
prompt immediate implementation of contact isolation, notification of infection control and

infectious diseases consultation for management of these complex cases. Many facilities also

isolate persons with ESBL or CRE.

Pediatric Perspective: The isolation of a gram-negative rod has specific implications for
pediatric patients. While widespread antimicrobial prophylaxis for Group B Streptococcus
carriage has led to a decline early onset GBS infection, rates of neonatal E. coli infections
remain unchanged.’’ Neonatal E. coli infection should raise the concern for galactosemia in a
newborn. All infants with bacteremia due to Citrobacter (and other Enterobacterales such as
Proteus and Cronobacter sakazakii), should be evaluated for meningitis and brain abscess, as
these organisms have a propensity to invade the central nervous system, and approximately 10%
of infants with neonatal meningitis will develop brain abscess.”! Isolation of Serratia marcescens

in an otherwise healthy child should prompt evaluation for chronic granulomatous disease.

Pseudomonas aeruginosa
P. aeruginosa is a gram-negative rod that causes bacteremia principally in persons with severe
neutropenia, extensive prior antibiotic exposure or burn injuries or in infants with

hypogammaglobulinemia.

To assure effective treatment against potential multi-drug resistant isolates empiric therapy for
critically ill patients should include two antimicrobial agents with differing mechanisms of

action, e.g., an aminoglycoside and an antipseudomonal B-lactam antibiotic; monotherapy with a

17



reliably active antipseudomonal B-lactam antibiotic is an alternative for less ill patients. For -
lactam allergic patients, use of aztreonam is preferred over anti-pseudomonal fluoroquinolones
(ciprofloxacin or levofloxacin) due to the higher rates of fluoroquinolone resistance. Amikacin
is the most reliably active aminoglycoside. B-lactam antibiotics with activity against P.
aeruginosa include piperacillin/tazobactam, ceftazidime, cefepime, imipenem and meropenem;
the choice depends on local antibiotic resistance patterns. Note that ertapenem does not have

activity vs. Pseudomonas.

Neisseria meningitis

N. meningitidis is a gram-negative diplococcus. The most feared complication is meningitis and
overwhelming meningococcemia/sepsis; patients with hereditary or acquired (e.g., due to receipt
of eculizumab) complement-deficiency are at increased risk of infection. Additionally,
bacteremia can occur without an apparent primary source of infection or may be associated with
isolated pneumonia or septic arthritis. High-dose cefotaxime or ceftriaxone is preferred until
meningitis has been ruled out. For other infections high dose penicillin G or cefuroxime can be
used. Options are not well studied for penicillin-allergic patients who cannot tolerate a
cephalosporin. Chloramphenicol is no longer readily available. Moxifloxacin and aztreonam
show promise and occasional allergic patients tolerate meropenem. Because of the risk of
outbreaks, patients should be placed in droplet isolation and public health should be notified.
Chemoprophylaxis with rifampin, ciprofloxacin or ceftriaxone is advised for household and other

intimate contacts of the patient.

Candida species

18



Identification of a Candida species in a blood sample should trigger a rapid change in therapeutic
management as these organisms can cause life-threatening infections and it is unusual for
patients to have been placed on empiric antifungal therapy. Intensive care patients are at
increased risk of candidemia, particularly those with long-term stays in intensive care, central
venous catheters, broad spectrum antibiotics or a history of abdominal surgery.>? Another
candidemia risk group is immunocompromised patients including solid organ transplant

recipients and patients with hematologic or solid-organ malignancies status post chemotherapy.>?

C. albicans, C. tropicalis, C. dublienensis, and C. parapsilosis are typically azole susceptible. In
contrast, all azoles have less activity against C. glabrata strains and C. krusei is intrinsically
resistant to some azoles. With the exception of C. auris (see below), most Candida species
retain susceptibility to amphotericin B and the echinocandins. As a general rule, infectious
diseases should be consulted for all cases of candidemia to assure appropriate management

including consideration for indwelling catheter removal.>?

Regardless of species, the 2016 IDSA guidelines recommend initial therapy with echinocandins,
e.g., caspofungin, micafungin or anidulafungin, for most cases of candidemia.’* Echinocandins
have an excellent safety profile, with mild fever, thrombophlebitis, headache, and liver
aminotransferase elevations as the primary side effects. Depending on the likely susceptibility,
patients on intravenous echinocandin therapy who are stable can usually be stepped down to oral

azole therapy after five days, resulting in considerable cost savings.>> >

Echinocandins also generally have activity against C. auris, an emerging cause of invasive
candida infections that is usually resistant to azoles and sometimes resistant to amphotericin B.
Originally isolated from the ear of a patient in Japan in 2009, C. auris has rapidly spread

internationally. The CDC has now reported hundreds of cases in the US, primarily in medically
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complex patients from nursing facilities New York, New Jersey, Chicago, and Orange County,
California.>”->® The organism persists on hard surfaces for weeks, can grow at temperatures up
to 42°C, and is resistant to killing by certain disinfectants. Infectious diseases consultation is
highly recommended for all patients with C. auris infections, who should be promptly placed in
contact isolation and infection control should be notified; because of the hardiness of the
organism facilities should use isolation similar to that used for C. difficile. Of note, some labs
may not be able to detect or may misindentify C. auris by mRDT or MALDI-TOF, so if C. auris

infection is suspected, the laboratory should be notified to ensure their ability to detect C. auris.

Pediatric Perspective: A common cause of diaper dermatitis and oral thrush in infants and
young children, candida can also cause systemic infections, primarily in immunocompromised
patients. Risk factors are similar to those seen in adults, including broad spectrum antibiotics,
neutropenia and indwelling central line catheters.”® Removal of the central line is critical to
eradicating candida from the bloodstream and preventing spread to liver, spleen, bones, joints
and the central nervous system. Preterm infants are particularly susceptible to invasive candida
infections, including meningitis, and the isolation of fungus from the bloodstream necessitates
investigation of the central nervous system. Neonatal candidiasis is associated with 20%
mortality, and 50% of survivors have severe neurodevelopmental impairment.®’ 5" Amphotericin
B deoxycholate is well tolerated in infants, lipid formulations can also be used, but are not

preferred.”?

Polymicrobial bacteremia

One disadvantage of mRDT is reduced sensitivity in detection of all bacteria from polymicrobial

cultures.®® Tt is also important to remember that a single species may be detected by multiple
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positive organism probes on mRDT platforms. For example, bacteremia with E. coli will lead to
positivity of the general Enterobacteriaceae probe as well as the E. coli probe on the BioFire
BCID panel. Similarly, S. aureus will cause a general Staphylococcus probe to turn positive in
addition to a S. aureus probe. Isolation of two separate species, however, implies a breach of
mucosal or skin integrity that allows organisms access from a typically non-sterile site into the
bloodstream as can be seen in intra-abdominal infections, necrotizing infections of the perineum,
infection of decubitus ulcers, catheter-associated urinary tract infections, severe burns, and
injection of stool or other foreign materials into an intravenous line in the setting of a factitious
disorder.%* %> Antimicrobial therapy depends on the organisms involved, but for polymicrobial
bacteremia from infections involving the abdomen or pelvis, anaerobic coverage is likely

warranted even if a specific anaerobe is not identified from blood.

Bacteremia without mRDT positivity

Rarely, a blood culture may have positive gram stain results without any of the mRDT probes
becoming positive. This suggests bacteremia with an uncommon organism. In general,
Infectious Diseases should be consulted when this occurs. For Gram-positive organisms without
mRDT identification, vancomycin is likely appropriate empiric therapy, unless the vanA/B gene
is positive, in which case daptomycin is likely most appropriate. For Gram-negative organisms
without mRDT identification, choice of antibiotic therapy is less clear and Infectious Diseases

consultation should be obtained urgently.

Discussion
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Inappropriate antimicrobial prescribing, which accounts for 30-50% of all use, is a major driver
of increased antimicrobial resistance, Clostridioides difficile infection, and other adverse events
and unnecessary health care costs.®® ¢’ To avoid undertreatment of seriously ill, septic patients,
guidelines emphasize early administration of broad, empiric therapy. Consequently, broad-
spectrum therapy is given far more often than can be justified by culture results.®® % Although
societal and CDC recommendations emphasize de-escalating therapy as soon as culture results

6,71-73

are available,®- 7* de-escalation being safe, and every day of additional therapy increasing

harm,” many de-escalation opportunities are still missed.*> ">

New diagnostic tests that rapidly identify common pathogens and detect important mechanisms
of resistance provide new opportunities to more quickly administer targeted and highly effective
antibiotic therapy. However, the results of these tests are not often acted upon by front line

providers in a timely manner.°

We have reviewed how providers can use the information provided by mRDTs to administer
appropriate, streamlined antibiotic therapy to bacteremic and candidemic patients. In addition,
we have emphasized what sources of infection should be considered when the pathogen is
identified (and how that might affect patient management), and whether specific infection

control measures should be put in place to prevent person-to-person transmission.

Therapeutic changes can be made with confidence when mRDT detect organisms with reliable
patterns of antimicrobial susceptibility and for which complex mechanisms of resistance are rare,
e.g., Streptococci, H. influenza, N. meningitidis and Candida spp. For S. aureus, the presence or
absence of mecA (see Figure 2) and for Enterococci, the presence or absence of vanA and vanB

(see Table 2) are sufficient to confidently select targeted therapy.
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With other organisms, decision-making is somewhat more complicated. Nevertheless, for the
most common causes of Gram-negative bacteremia, i.e., E. coli and K. pneumonia, the absence
of resistance genes or risk factors for infection with a resistant organism (see Figure 3), allows
for the confident use of ceftriaxone (rather than a carbapenem or anti-pseudomonal beta-lactam)
in many patients. Conversely, when resistance genes are detected, broad-spectrum therapy and

consultation by an infectious diseases expert is needed.

Finally, when bacteremia is found to be due to a Gram-negative (or Gram-positive) pathogen,
therapy directed against Gram-positive (or Gram-negative) pathogens can be confidently stopped
unless there are serious concerns about polymicrobial bacteremia (e.g., in patients with
necrotizing fasciitis or complex intra-abdominal infections). Similarly, B fragilis infection is

nearly always polymicrobial in nature.

Conclusion

The use of mRDTs is an evolving field with frequent introduction of new technologies and
assays. However, while the information provided by new tests will change, the principles of
patient management remain the same. Timely alteration in treatment to ensure appropriately
targeted and effective antibiotic therapy and optimization is every provider’s responsibility.

Every day of unnecessary therapy matters.

Supplementary Materials: Management of bloodstream infection due to Haemophilus

influenzae, Listeria monocytogenes, Bacteroides fragilis, Stenotrophomonas, and Acinetobacter.
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Conventional Gram

Workflow Blood Culture S Subculture ID pAST
mRDT From Gram \
Positive Blood Culture Blood Culture o iy 1D SN pAST
mRDT From Gram
Whole Blood ID  Blood Culture Stain Subculture pAST
I:ﬂ Zld 3'd

TIME ——

Figure 1. Impact of mRDTSs on microbiologic diagnosis of bloodstream infections. In
conventional workflow, identification (ID) and phenotypic antimicrobial susceptibility test
(pAST) results are typically reported 2-3 days after blood culture samples are drawn. Molecular
rapid diagnostic tests (mRDTs) for positive blood culture or whole blood shorten the time to

identification of bloodstream pathogens and increase the time gap between ID and pAST results.

Staphylococcus organism identified

Staphylococcus aureus Staphylococcus aureus
not detected identified (consult
(i.e. CoNS*) infectious diseases)

mecA mecA
A not detect
detected** Gecilisties detected**

vancomycin or
daptomycin (unless
pneumonia present)

anti-staphylococcal beta-

vancomycin L
lactam (e.g. oxacillin)

Figure 2: General approach to empiric treatment for staphylococcal bacteremia based on
rapid diagnostic testing. *CoNS = Coagulase-negative Staphylococcus. **Or when

methicillin-resistance status (i.e., mecA) is unknown.
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Enterobacterales organism identified

v

CTX-M
detected*

y

NDM, VIM, IMP
detected™

| KPC, OXA, OXA- |
48-like detected*

No resistance
genes identified

E. coli Enterobacter
K. oxytoca E. cloacae
K. pneumoniae K. aerogenes

Proteus Citrobacter
Salmonella Serratia
C. sakasakii Morganella

No specific
genus/species
identified (only

general
Enterobacterales
probe)

No resistance Resistance risk
risk factors** factors present**

) cefepime or ertapenem (+/-
ceftriaxone . )
amikacin if critically ill)

ertapenem (+/- amikacin " ceftazidim ' consult infectious
if critically ill) vibactam** diseases

Figure 3: Antibiotic selection for Enterobacterales bacteremia identified by rapid diagnostic
testing. *If multiple resistance genes are detected, use the option furthest to the right on the
chart. **Risk factors include colonization or infection with a resistant organism, antibiotic use,
residence in a long-term care facility, and hospital onset of infection within the prior three
months. ***If only KPC is identified, meropenem-vaborbactam and imipenem cilastatin-
relebactam can be considered as alternatives to ceftazidime-avibactam. CTX-M = CefoTaXime
active Bf-lactamases, first isolated in Munich. IMP = Imipenem-resistant Pseudomonas (IMP)-
type carbapenemases. KPC = Klebsiella pneumoniae carbapenemase. NDM = New Delhi
Metallo-beta-lactamase. OXA = Oxacillin-hydrolysing (OXA) carbapenemases. VIM = Verona

Integron-Mediated Metallo-B-lactamase.

25



References

1.

10.

11.

12.

13.

14.

15.

Paoli CJ, Reynolds MA, Sinha M, Gitlin M, Crouser E. Epidemiology and Costs of
Sepsis in the United States-An Analysis Based on Timing of Diagnosis and Severity
Level. Crit Care Med. 2018;46(12):1889-1897.

Torio CM, Moore BJ. National Inpatient Hospital Costs: The Most Expensive Conditions
by Payer, 2013: Statistical Brief #204. Healthcare Cost and Utilization Project (HCUP)
Statistical Briefs. Rockville (MD)2006.

Kumar A, Roberts D, Wood KE, et al. Duration of hypotension before initiation of
effective antimicrobial therapy is the critical determinant of survival in human septic
shock. Crit Care Med. 2006;34(6):1589-1596.

Liu VX, Fielding-Singh V, Greene JD, et al. The Timing of Early Antibiotics and
Hospital Mortality in Sepsis. Am J Respir Crit Care Med. 2017;196(7):856-863.

Paul M, Shani V, Muchtar E, Kariv G, Robenshtok E, Leibovici L. Systematic review
and meta-analysis of the efficacy of appropriate empiric antibiotic therapy for sepsis.
Antimicrob Agents Chemother. 2010;54(11):4851-4863.

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(1):15-23.
Barlam TF, Cosgrove SE, Abbo LM, et al. Implementing an Antibiotic Stewardship
Program: Guidelines by the Infectious Diseases Society of America and the Society for
Healthcare Epidemiology of America. Clin Infect Dis. 2016;62(10):e51-77.

Miller MB, Atrzadeh F, Burnham CA, et al. Clinical Utility of Advanced Microbiology
Testing Tools. J Clin Microbiol. 2019;57(9).

Huang AM, Newton D, Kunapuli A, et al. Impact of rapid organism identification via
matrix-assisted laser desorption/ionization time-of-flight combined with antimicrobial
stewardship team intervention in adult patients with bacteremia and candidemia. Clin
Infect Dis. 2013;57(9):1237-1245.

Walker T, Dumadag S, Lee CJ, et al. Clinical Impact of Laboratory Implementation of
Verigene BC-GN Microarray-Based Assay for Detection of Gram-Negative Bacteria in
Positive Blood Cultures. J Clin Microbiol. 2016;54(7):1789-1796.

Banerjee R, Teng CB, Cunningham SA, et al. Randomized Trial of Rapid Multiplex
Polymerase Chain Reaction-Based Blood Culture Identification and Susceptibility
Testing. Clin Infect Dis. 2015;61(7):1071-1080.

Paul M, Dickstein Y, Raz-Pasteur A. Antibiotic de-escalation for bloodstream infections
and pneumonia: systematic review and meta-analysis. Clin Microbiol Infect.
2016;22(12):960-967.

Shorr AF, Tabak YP, Killian AD, Gupta V, Liu LZ, Kollef MH. Healthcare-associated
bloodstream infection: A distinct entity? Insights from a large U.S. database. Crit Care
Med. 2006;34(10):2588-2595.

Shurland S, Zhan M, Bradham DD, Roghmann MC. Comparison of mortality risk
associated with bacteremia due to methicillin-resistant and methicillin-susceptible
Staphylococcus aureus. Infection control and hospital epidemiology : the official journal
of the Society of Hospital Epidemiologists of America. 2007;28(3):273-279.

Chang FY, Peacock JE, Musher DM, et al. Staphylococcus aureus bacteremia: recurrence
and the impact of antibiotic treatment in a prospective multicenter study. Medicine
(Baltimore). 2003;82:333-339.

26



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Jensen AG, Wachmann CH, Poulsen KB, et al. Risk factors for hospital-acquired
Staphylococcus aureus bacteremia. Arch Intern Med. 1999;159(13):1437-1444.

Mermel LA, Allon M, Bouza E, et al. Clinical practice guidelines for the diagnosis and
management of intravascular catheter-related infection: 2009 Update by the Infectious
Diseases Society of America. Clin Infect Dis. 2009;49(1):1-45.

Liu C, Bayer A, Cosgrove SE, et al. Clinical practice guidelines by the infectious diseases
society of america for the treatment of methicillin-resistant Staphylococcus aureus
infections in adults and children. Clin Infect Dis. 2011;52(3):e18-55.

Holland TL, Arnold C, Fowler VG, Jr. Clinical management of Staphylococcus aureus
bacteremia: a review. JAMA. 2014;312(13):1330-1341.

Mirrakhimov AE, Jesinger ME, Ayach T, Gray A. When does S aureus bacteremia
require transesophageal echocardiography? Cleve Clin J Med. 2018;85(7):517-520.

van Hal SJ, Jensen SO, Vaska VL, Espedido BA, Paterson DL, Gosbell IB. Predictors of
mortality in Staphylococcus aureus Bacteremia. Clin Microbiol Rev. 2012;25(2):362-386.
Klieger SB, Vendetti ND, Fisher BT, Gerber JS. Staphylococcus aureus bacteremia in
hospitalized children: incidence and outcomes. Infection control and hospital
epidemiology : the official journal of the Society of Hospital Epidemiologists of America.
2015;36(5):603-605.

Puopolo KM, Benitz WE, Zaoutis TE, Committee On F, Newborn, Committee On
Infectious D. Management of Neonates Born at >/=35 0/7 Weeks' Gestation With
Suspected or Proven Early-Onset Bacterial Sepsis. Pediatrics. 2018;142.

Ligon J, Kaplan SL, Hulten KG, Mason EO, McNeil JC. Staphylococcus aureus
bacteremia without a localizing source in pediatric patients. The Pediatric infectious
disease journal. 2014;33(5):e132-134.

Beekmann SE, Diekema DJ, Doern GV. Determining the clinical significance of
coagulase-negative staphylococci isolated from blood cultures. Infection control and
hospital epidemiology : the official journal of the Society of Hospital Epidemiologists of
America. 2005;26(6):559-566.

Pien BC, Sundaram P, Raoof N, et al. The clinical and prognostic importance of positive
blood cultures in adults. Am J Med. 2010;123(9):819-828.

Frank KL, Del Pozo JL, Patel R. From clinical microbiology to infection pathogenesis:
how daring to be different works for Staphylococcus lugdunensis. Clin Microbiol Rev.
2008;21(1):111-133.

Kassis C, Rangaraj G, Jiang Y, Hachem RY, Raad I. Differentiating culture samples
representing coagulase-negative staphylococcal bacteremia from those representing
contamination by use of time-to-positivity and quantitative blood culture methods. J Clin
Microbiol. 2009;47(10):3255-3260.

Elzi L, Babouee B, Vogeli N, et al. How to discriminate contamination from bloodstream
infection due to coagulase-negative staphylococci: a prospective study with 654 patients.
Clin Microbiol Infect. 2012;18(9):E355-361.

Holland TL, Raad I, Boucher HW, et al. Effect of Algorithm-Based Therapy vs Usual
Care on Clinical Success and Serious Adverse Events in Patients with Staphylococcal
Bacteremia: A Randomized Clinical Trial. JAMA. 2018;320(12):1249-1258.

Bizzarro MJ, Raskind C, Baltimore RS, Gallagher PG. Seventy-five years of neonatal
sepsis at Yale: 1928-2003. Pediatrics. 2005;116(3):595-602.

Healy CM, Baker CJ, Palazzi DL, Campbell JR, Edwards MS. Distinguishing true
coagulase-negative Staphylococcus infections from contaminants in the neonatal
intensive care unit. J Perinatol. 2013;33(1):52-58.

27



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Shelburne SA, 3rd, Lasky RE, Sahasrabhojane P, Tarrand JT, Rolston KV. Development
and validation of a clinical model to predict the presence of beta-lactam resistance in
viridans group streptococci causing bacteremia in neutropenic cancer patients. Clin Infect
Dis. 2014;59:223-230.

Farley MM. Group B streptococcal disease in nonpregnant adults. Clin Infect Dis.
2001;33(4):556-561.

Back EE, O'Grady EJ, Back JD. High rates of perinatal group B Streptococcus
clindamycin and erythromycin resistance in an upstate New York hospital. Antimicrob
Agents Chemother. 2012;56(2):739-742.

American Academy of Pediatrics. In: Kimberlin DW BM, Jackson MA, Long SS., ed.
Red Book: 2018 Report of the Committee on Infectious Diseases. 31st ed. Itasca, IL:
American Academy of Pediatrics.

Puopolo KM, Lynfield R, Cummings JJ, Committee On F, Newborn, Committee On
Infectious D. Management of Infants at Risk for Group B Streptococcal Disease.
Pediatrics. 2019;144(2).

Moore MR, Link-Gelles R, Schaffner W, et al. Effect of use of 13-valent pneumococcal
conjugate vaccine in children on invasive pneumococcal disease in children and adults in
the USA: analysis of multisite, population-based surveillance. Lancet Infect Dis.
2015;15(3):301-309.

Butters C, Phuong LK, Cole T, Gwee A. Prevalence of Immunodeficiency in Children
With Invasive Pneumococcal Disease in the Pneumococcal Vaccine Era: A Systematic
Review. JAMA Pediatr. 2019.

Nelson GE, Pondo T, Toews KA, et al. Epidemiology of Invasive Group A Streptococcal
Infections in the United States, 2005-2012. Clin Infect Dis. 2016;63(4):478-486.

Pesola AK, Sihvonen R, Lindholm L, Patari-Sampo A. Clindamycin resistant emm33
Streptococcus pyogenes emerged among invasive infections in Helsinki metropolitan
area, Finland, 2012 to 2013. Euro Surveill. 2015;20(18).

Khatib R, Labalo V, Sharma M, Johnson LB, Riederer K. Enterococcus spp. in a single
blood culture: bacteremia or contamination? Diagn Microbiol Infect Dis. 2017;87(3):289-
290.

Dahl A, Lauridsen TK, Arpi M, et al. Risk Factors of Endocarditis in Patients With
Enterococcus faecalis Bacteremia: External Validation of the NOVA Score. Clin Infect
Dis. 2016;63:771-775.

Britt NS, Potter EM, Patel N, Steed ME. Comparative Effectiveness and Safety of
Standard-, Medium-, and High-Dose Daptomycin Strategies for the Treatment of
Vancomycin-Resistant Enterococcal Bacteremia Among Veterans Affairs Patients. Clin
Infect Dis. 2017;64:605-613.

Braykov NP, Morgan DJ, Schweizer ML, et al. Assessment of empirical antibiotic
therapy optimisation in six hospitals: an observational cohort study. Lancet Infect Dis.
2014;14:1220-1227.

Tamma PD, Doi Y, Bonomo RA, Johnson JK, Simner PJ, Antibacterial Resistance
Leadership G. A Primer on AmpC beta-Lactamases: Necessary Knowledge for an
Increasingly Multidrug-resistant World. Clin Infect Dis. 2019;69:1446-1455.

Jacoby GA, Munoz-Price LS. The new beta-lactamases. N Engl J Med. 2005;352:380-
391.

Rodriguez-Bano J, Gutierrez-Gutierrez B, Machuca I, Pascual A. Treatment of Infections
Caused by Extended-Spectrum-Beta-Lactamase-, AmpC-, and Carbapenemase-Producing
Enterobacteriaceae. Clin Microbiol Rev. 2018;31.

28



49.

50.

S1.

52.

53.

54.

55S.

56.

57.

S8.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Yamano Y. In Vitro Activity of Cefiderocol Against a Broad Range of Clinically
Important Gram-negative Bacteria. Clin Infect Dis. 2019;69:S544-S551.

Schrag SJ, Farley MM, Petit S, et al. Epidemiology of Invasive Early-Onset Neonatal
Sepsis, 2005 to 2014. Pediatrics. 2016;138.

Ouchenir L, Renaud C, Khan S, et al. The Epidemiology, Management, and Outcomes of
Bacterial Meningitis in Infants. Pediatrics. 2017;140.

Kullberg BJ, Arendrup MC. Invasive Candidiasis. N Engl J Med. 2015;373:1445-1456.
Mejia-Chew C, O'Halloran JA, Olsen MA, et al. Effect of infectious disease consultation
on mortality and treatment of patients with candida bloodstream infections: a
retrospective, cohort study. Lancet Infect Dis. 2019.

Pappas PG, Kauffman CA, Andes DR, et al. Executive Summary: Clinical Practice
Guideline for the Management of Candidiasis: 2016 Update by the Infectious Diseases
Society of America. Clin Infect Dis. 2016;62:409-417.

Vazquez J, Reboli AC, Pappas PG, et al. Evaluation of an early step-down strategy from
intravenous anidulafungin to oral azole therapy for the treatment of candidemia and other
forms of invasive candidiasis: results from an open-label trial. BMC infectious diseases.
2014;14:97.

Bal AM, Shankland GS, Scott G, Imtiaz T, Macaulay R, McGill M. Antifungal step-
down therapy based on hospital intravenous to oral switch policy and susceptibility
testing in adult patients with candidaemia: a single centre experience. Int J Clin Pract.
2014;68:20-27.

Jeffery-Smith A, Taori SK, Schelenz S, et al. Candida auris: a Review of the Literature.
Clin Microbiol Rev. 2018;31.

Candida auris, Centers for Disease Control and Prevention: Centers for Disease Control
and Prevention.

Feja KN, Wu F, Roberts K, et al. Risk factors for candidemia in critically ill infants: a
matched case-control study. J Pediatr. 2005;147:156-161.

Benjamin DK, Jr., Stoll BJ, Fanaroff AA, et al. Neonatal candidiasis among extremely
low birth weight infants: risk factors, mortality rates, and neurodevelopmental outcomes
at 18 to 22 months. Pediatrics. 2006;117:84-92.

Greenberg RG, Benjamin DK, Jr. Neonatal candidiasis: diagnosis, prevention, and
treatment. J Infect. 2014;69 Suppl 1:S19-22.

Botero-Calderon L, Benjamin DK, Jr., Cohen-Wolkowiez M. Advances in the treatment
of invasive neonatal candidiasis. Expert Opin Pharmacother. 2015;16:1035-1048.

Han E, Park DJ, Kim Y, Yu JK, Park KG, Park YJ. Rapid detection of Gram-negative
bacteria and their drug resistance genes from positive blood cultures using an automated
microarray assay. Diagn Microbiol Infect Dis. 2015;81:153-157.

Roselle GA, Watanakunakorn C. Polymicrobial bacteremia. JAMA. 1979;242:2411-2413.
Goldfarb J. A physician's perspective on dealing with cases of Munchausen by proxy.
Clin Pediatr (Phila). 1998;37:187-189.

Fridkin S, Baggs J, Fagan R, et al. Vital signs: improving antibiotic use among
hospitalized patients. MMWR Morb Mortal Wkly Rep. 2014;63:194-200.

Fleming-Dutra KE, Hersh AL, Shapiro DJ, et al. Prevalence of Inappropriate Antibiotic
Prescriptions Among US Ambulatory Care Visits, 2010-2011. JAMA. 2016;315:1864-
1873.

Jones BE, Brown KA, Jones MM, et al. Variation in Empiric Coverage Versus Detection
of Methicillin-Resistant Staphylococcus aureus and Pseudomonas aeruginosa in
Hospitalizations for Community-Onset Pneumonia Across 128 US Veterans Affairs

29



69.

70.

71.

72.

73.

74.

75.

Medical Centers. Infection control and hospital epidemiology : the official journal of the
Society of Hospital Epidemiologists of America. 2017;38:937-944.

Rhodes A, Evans LE, Alhazzani W, et al. Surviving Sepsis Campaign: International
Guidelines for Management of Sepsis and Septic Shock: 2016. Intensive Care Med.
2017;43:304-377.

CDC. Core Elements of Hospital Antibiotic Stewardship Programs. . Atlanta, GA: US
Department of Health and Human Services, CDC; 2014.

Schuts EC, Hulscher M, Mouton JW, et al. Current evidence on hospital antimicrobial
stewardship objectives: a systematic review and meta-analysis. Lancet Infect Dis.
2016;16:847-856.

Dellit TH, Owens RC, McGowan JE, Jr., et al. Infectious Diseases Society of America
and the Society for Healthcare Epidemiology of America guidelines for developing an
institutional program to enhance antimicrobial stewardship. Clin Infect Dis. 2007;44:159-
177.

Palacios-Baena ZR, Delgado-Valverde M, Valiente Mendez A, et al. Impact of De-
escalation on Prognosis of Patients With Bacteremia due to Enterobacteriaceae: A Post
Hoc Analysis From a Multicenter Prospective Cohort. Clin Infect Dis. 2019;69:956-962.
Branch-Elliman W, O'Brien W, Strymish J, Itani K, Wyatt C, Gupta K. Association of
Duration and Type of Surgical Prophylaxis With Antimicrobial-Associated Adverse
Events. JAMA Surg. 2019;154:590-598.

Thom KA, Tamma PD, Harris AD, et al. Impact of a Prescriber-driven Antibiotic Time-
out on Antibiotic Use in Hospitalized Patients. Clin Infect Dis. 2019;68:1581-1584.

30



Table 1: Coverage of bloodstream pathogen identification by mRDTs

Gram-Negative Pathogens BioFire | Verigene GenMark Gram-Positive Pathogens BioFire |Verigenel GenMark
BCID | BC-GN BCID-GN BCID | BC-GP (BCID-GP
\Acinetobacter baumanii X X \Bacillus cereus group X
Bacteroides fragilis x* X Bacillus subtilis group X
[Enterobacterales (general) X Corynebacterium X
Citrobacter X X Cutibacterium acnes X
Cronobacter sakazakii X \Enterococcus X
Enterobacter X Enterococcus faecalis x* X X
Enterobacter cloacae .
complex X X Enterococcus faecium x* X X
B lofgézobacter (@2 X ILactobacillus X
Escherichia coli X X X Listeria X X
Klebsiella aerogenes x* Listeria monocytogenes X X
Klebsiella oxytoca X X X Micrococcus X X
Klebsiella pneumoniae X X X Staphylococcus X X X
Morganella morganii X Staphylococcus aureus X X X
Proteus X X X epfctlil; ’ZJZZ.EOCCMS x* X X
Proteus mirabilis X IMZ;Z; }2; lsz)igoccus x* X X
Salmonella x* X IStreptococcus X X X
Serratia X Streptococcus agalactiae X X X
Serratia marcescens X X X Streptococcus anginosus X X
Fusobacterium nucleatum X Streptococcus pneumoniae X X X
\Fusobacterium necrophorum X Streptococcus pyogenes X X X
\Haemophilus influenzae X X Gram-Positive Resistance Genes
Neisseria meningitidis X X mecA X X X
\Pseudomonas aeruginosa X X X mecC X X
if;ZZZZngomonas x* X vanA/B X X X
Gram-Negative Resistance Genes Fungal Pathogens”
CTX-M x* X X Candida albicans X X
IMP x* X X Candida auris x* X
KPC X X X Candida glabrata X X
OXA X X Candida krusei X X
OXA-48-like x* Candida parapsilosis X X
INDM x* X X Candida tropicalis X X
ViM S I I o x x
Mcr-1 x*

BioFire and GenMark BCID panels are multiplex PCR, Verigene’s assay is microarray based. *Indicates new target
on the BioFire BCID2 Panel *GenMark’s BCID-FP panel is used to identify the fungal pathogens shown as well as
C. dublienensis, C. famata, C. guilliermondii, C. kefyr, C. lusitaniae, Fusarium and Rhodotorula
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Table 2: Suggested initial antimicrobial therapy pending susceptibility results

Organism Identification

Primary Therapy

Adjunctive / Alternative
Therapy

Beta-Lactam Allergy

meropenem alone if not

Acinetobacter meropenem plus amikacin critically ill and
antibiogram <10% R
. . consider carbapenem if
cefazolin plus metronidazole, . . carbapenem;
. e . - concern for antimicrobial :
Bacteroides fragilis ceftriaxone* plus . . . fluoroquinolone plus
. ) resistance in a potentially .
metronidazole; . L . metronidazole
polymicrobial infection
Candida albicans echinocandin (eg micafungin) not critically ill: NA
pediatrics: amphotericin B fluconazole o
Candi rata, echinocandin (eg micafungin) o
ndz.da = qta o . fluconazole not indicated N.A.
Candida krusei pediatrics: amphotericin B
if endocarditis is a concern
. N add high-dose ceftriaxone 3
Enterococcus faecalis ampicillin . vancomycin
or synergistic doses of
gentamicin
high-dose daptomycin (8-10 vancomycin (if vanA and
Enterococcus faecium mg/kg/day) (if vanA or vanB vanB absent) is an N.A.
detected) alternative 1st line choice
Enterobacterales see Figure 3
, . c t ;
Haemophilus influenzae ceftriaxone aztreonam,
fluoroquinolone
Listeria monocytogenes ampicillin plus gentamicin O Pain o
yiog P plus & sulfamethoxazole
L L . high- icilli i in;
Neisseria meningitidis ceftriaxone A emiet i & @ ooty
ampicillin aztreonam
cefepime, piperacillin-
. tazobactam, anti-pseudomonal | if septic: add amikacin or a
Pseudomonas aeruginosa . . aztreonam
carbapenem — selection based fluoroquinolone
on local resistance patterns
Staphylococcus see Figure 2
tenotrophomona trimethoprim - .
Steno pROMONAs Timethoprim levofloxacin N.A.
maltophilia sulfamethoxazole
. o ceftriaxone; pediatric: .
Streptococcus agalactiae ampicillin o e .. vancomycin
ampicillin + gentamicin
Streptococcus . add vancomycin for .
. ceftriaxone ) . o vancomycin
pneumoniae patients with meningitis

Streptococcus pyogenes

ampicillin or penicillin G

consider adding
clindamycin

vancomycin or
daptomycin

other Streptococcus spp.

ceftriaxone

add vancomycin for
patients with neutropenia
and risk of infection by
penicillin-resistant viridans
streptococci

vancomycin

* throughout this table, cefotaxime can be used in place of ceftriaxone
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