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While they may lack the public awareness of cancer 
or heart disease, bloodstream infections represent 
a significant health threat, killing millions of people 

around the world every year. Often associated with bacteria 
(leading to bacteremia), bloodstream infections can also do major 
damage by triggering the out-of-control inflammatory response 
that spirals into sepsis, another leading cause of morbidity and 
mortality among hospitalized patients.

Making matters worse, bloodstream infections acquired in 
hospital settings are often associated with bacterial strains 

resistant to one or more antibiotics.1 These drug-resistant 
and multi-drug-resistant bacteria are increasingly difficult to 
treat. Healthcare teams have the greatest chance of success 
when they can identify the pathogen’s drug-resistance profile 
as soon as possible to guide treatment selection based on 
known susceptibilities.

Because of the grave risk they confer to the patient, blood-
stream infections must be diagnosed quickly and completely 
— identifying not only the causal pathogen but also its resistance 
mechanisms, all fast enough to adjust treatment in a clinically 
relevant time frame for optimal outcomes. Typically, the use of 
culture-based methods to generate all of this information takes 
several days, far too long to keep the patient out of danger.

Rapid molecular test options can be paired with a traditional 
culture workflow to generate results more quickly. These tests 
can also evaluate resistance mechanisms at the genotypic level, 
producing actionable information that can guide treatment selec-
tion much earlier. But not all molecular tests are equally reliable 
for bloodstream infections, and some do not include profiling of 
antibiotic susceptibility. Clinical laboratories may prefer molecular 
tests that allow for either direct-sample processing or PCR ampli-
fication to ensure optimal use with each sample. Multiple clinical 
utility and economic studies are now available to help pathologists 
and other laboratory personnel evaluate testing options and select 
the right one for the needs of their patient population.2

A look at bloodstream infections
Bloodstream infections can often be life-threatening. Ac-
cording to estimates, some 30 million people worldwide are 
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The Gram-negative Pseudomonas bacterium can cause bloodstream infections, especially among hospitalized patients.

Illustration by Christoph Burgstedt @ shutterstock.com



9MLO-ONLINE.COM   OCTOBER 2022    

CONTINUING EDUCATION :: BLOODSTREAM INFECTIONS

diagnosed with bloodstream infections each year; of those, 6 
million will die.3,4 Morbidity and mortality rates can be worse 
depending on factors about each patient, such as age and 
underlying health conditions, as well as traits specific to the 
causal pathogen, such as its antibiotic resistance profile. At 
the high end, mortality estimates range from 25% to 80%.5,6 
Patients who receive effective antibiotics as early as possible 
in the infection fare significantly better than patients whose 
treatment is delayed.7,8

The majority of bacterial bloodstream infections are caused 
by Gram-positive bacteria; the most frequent culprits include 
Staphylococcus aureus, Enterococcus species, and coagulase-
negative staphylococci.3,9,10 In about a third of hospital-acquired 
bloodstream infections, Gram-negative bacteria are responsible; 
these pathogens typically lead to mortality rates that are 15% to 
29% higher than average, particularly when the bacterial strains 
are resistant to multiple types of antibiotics.11-18

As a result, timely diagnosis of the causal pathogen and profil-
ing its antibiotic susceptibility to guide treatment selection are 
of the utmost importance in treating patients with bloodstream 
infections. Administering an effective treatment early in the 
infection offers significant advantages, not only for resolving 
the immediate infection but also for preventing the patient from 
progressing into sepsis and the many health risks associated 
with septic shock. Rapid treatment is correlated with shorter 
hospital stays and lower healthcare costs.

Typically, when a patient presents with symptoms of a 
bloodstream infection, doctors will consider several factors: any 
suspected source of the infection, the patient’s immune status, 
previous exposure to antibiotics or to drug-resistant bacteria, 
and the local epidemiological landscape.1 In most cases, the 
patient will be prescribed a cocktail of broad-spectrum anti-
biotics while samples are sent off to the laboratory for testing. 
As key data is reported by the lab — including the bacterial 
species and its antibiotic resistance profile — healthcare teams 
may adjust or de-escalate treatment, often switching patients 
to narrow-spectrum antibiotics or to antibiotics more likely to 
be effective against the pathogen as appropriate.

The shift from broad-spectrum to narrow-spectrum antibiotics 
is an important element in antimicrobial stewardship programs 
that aim to curb the spread of antibiotic resistance. The sooner pa-
tients can be switched to an effective narrow-spectrum antibiotic, 
the less risk there is for the development of antibiotic resistance. 
This has benefits not only for the patient with the bloodstream 
infection but also for other people, both inside the hospital and 
beyond, to whom drug-resistant bacteria could spread.

Pathogen testing options
The gold standard for diagnosing bloodstream infections and 
for providing a phenotypic readout of antibiotic susceptibility 
is culture-based testing. However, while culture can provide 
the necessary information for patient care, it cannot do so in a 
clinically actionable time frame. Generating results from stan-
dard culture approaches can take several days, with antibiotic 
susceptibility information taking even longer. By the time these 
results are reported back to treating physicians, the patient 
has likely been on broad-spectrum antibiotics for several days 
and there is little opportunity for an evidence-based switch to 
narrow-spectrum antibiotics in time to make a difference for 
the development of antibiotic resistance. In cases where the 
patient’s infection is caused by a pathogen resistant to all of the 
broad-spectrum antibiotics used in the original cocktail, that 
means the infection may go unchecked for several days before 
physicians learn the crucial details of its antibiotic resistance 
and susceptibility profile.

Molecular tests are a relatively recent alternative to the centu-
ry-old technique of culture. While some molecular approaches 
are designed to replace culture tests — such as massively parallel 
sequencing used to analyze all microbes in a sample, providing 
a hypothesis about which one is likely causing the infection — 
others have been designed to be incorporated into the standard 
culture-based workflow. For many clinical laboratories, the latter 
option may represent easier adoption because all other workflow 
elements remain essentially unchanged. Such tests are typically 
deployed after a culture bottle rings positive and Gram staining 
has been performed, working directly from the contents of the 

Left: Sample-to-answer systems can stream-
line the testing process for bloodstream 
pathogens, often with the ability to run 
multiple samples at a time.

Right: The cartridge contains not only a well for the sample, but also other reagents needed for the 
processing reactions.
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blood culture bottle. Ideally, the clinical lab will have access to 
two separate tests — one for Gram-positive bacteria and one for 
Gram-negative bacteria — to avoid over-testing each sample.

Molecular tests offer a number of advantages for clinical 
diagnostics. Most importantly, they can return results rapidly. 
In some cases, molecular tests for bloodstream infections can 
identify the causal pathogen and interrogate key mechanisms 
of antibiotic resistance, all in just a few hours. They are also 
amenable to multiplexing. Multiplex panels for bloodstream 
infections, for instance, might enable the detection of a dozen 
or so different species, groups, and genera — all from the same 
sample and in the same reaction, so that all results can be re-
ported at once. These assays can reduce the time it takes to 
get a patient on an effective treatment, or to de-escalate to an 
appropriate treatment, by 24 to 48 hours. Because they enable 
faster effective treatment, the tests also mitigate the risk of 
developing sepsis.

Certain molecular tests offer another layer of flexibility by 
giving clinical laboratory users the option of direct-sample 
detection or amplification with PCR. These tests, all of which 
use the actual contents of the blood culture bottle, are designed 
to manage the risk of accidentally amplifying non-viable mi-
crobial fragments embedded in the culture media during the 
manufacturing process. If this is a concern, users can select a 
platform that performs direct-sample detection, bypassing the 
amplification step in order to minimize the risk of false results 
and ensure that rapid molecular results will be concordant with 
culture-based results. In cases where non-viable fragments in 
the culture media are not an issue, users can perform PCR 
amplification. Either way, results may be available in just two 
hours. Having the option can be helpful in increasing flexibility 

and allowing clinical lab professionals to determine the best 
technique for each sample.

Profiling antibiotic resistance 
Antibiotic resistance — and even worse, multi-drug resistance 
— has become increasingly common among bacteria that cause 
bloodstream infections. This is part of a sweeping public health 
crisis: one analysis found that in 2019 alone, almost 1.3 million 
deaths worldwide were linked to bacteria with antibiotic re-
sistance mechanisms.19

In the United States, many hospitals and other healthcare 
facilities have established antimicrobial stewardship programs 
tasked with one goal: reining in the spread of antibiotic resis-
tance, particularly from hospital-associated infections. These 
teams consider a wide variety of factors, from isolation protocols 
to treatment selection algorithms and more, and shape practices 
throughout the clinical care process. According to the Centers 
for Disease Control and Prevention (CDC), these programs 
had recently begun to make a difference: from 2012 to 2017, 
deaths from drug-resistant infections decreased by 18%.20 That 
trend continued until 2020, but unfortunately the COVID-19 
pandemic has reversed much of that progress.

Because of the escalating dangers of antibiotic resistance, 
healthcare teams sorely need information about the antibiotic 
susceptibility profile of any pathogen causing a bloodstream 
infection. Broadly, there are two distinct methods for generating 
this data: phenotypic and genotypic.

Culture-based techniques are the most popular because they 
produce phenotypic results that clearly indicate the infection-
causing bacteria’s response to various treatment options, often 
at varying levels to assist with dosing recommendations. The 

Staphylococcus aureus, a Gram-positive bacterium, is frequently found to have resistance to methicillin, one of the antibiotics commonly used to treat it. 
Understanding its resistance profile is essential to treating the patient’s infection.

Illustration by Peddalanka Ramesh Babu @ shutterstock.com



11MLO-ONLINE.COM   OCTOBER 2022    

CONTINUING EDUCATION :: BLOODSTREAM INFECTIONS

drawback, of course, is that performing antibiotic susceptibility 
testing with culture takes several days or more than a week, 
depending on the growing time of the pathogen.

Genotypic approaches are more recent and have been gaining 
traction in clinical laboratories because they can generate results 
in just a few hours. They rely on known genetic mechanisms 
associated with drug resistance, such as the well-known mecA 
gene that makes Staphylococcus aureus resistant to methicillin 
and other antibiotics. Once these genes or genetic variants are 
identified in the research community, clinical labs can develop or 
adopt molecular assays to detect them in patient samples. Such 
workflows might be run on massively parallel DNA sequencers, 
PCR-based technologies, and commercially available kits based 
on a variety of testing platforms. These assays should detect all 
of the critical targets associated with antibiotic resistance. For 
bloodstream infections, where the causal pathogen is likely 
to be the only microbe in a patient’s blood sample, genotypic 
results are reliable and actionable.

Rapid profiling of a pathogen’s antibiotic susceptibility can 
help get a patient on the treatment most likely to be effective 
very quickly for optimal patient outcomes. Just as important, 
though, this information supports antimicrobial stewardship 
programs and provides a key tool in the battle against antibiotic 
resistance for better public health outcomes as well.

Ease-of-use matters
In addition to considerations about culture-based or molecular 
workflows and genotypic or phenotypic antibiotic susceptibility 
results, clinical laboratories should assess any potential blood-
stream infection testing protocol for ease of use. Traditional 
culture-based workflows that take days to produce results 
usually involve a number of tedious and laborious manual steps. 
Molecular tests, on the other hand, can be done on automated 
sample-to-answer platforms that require very little hands-on 
time and produce results in just a few hours.

These automated systems generally handle all sample prepa-
ration and processing steps inside the instrument. Technicians 
simply take the patient’s sample, load it into a cartridge-like 
device, and insert it into the instrument. The sample-to-answer 
system will run all subsequent steps and then send a report of 
all results — such as pathogen identity and antibiotic resistance 
mechanisms — to the user.

Most sample-to-answer systems can process several samples 
at a time, fitting well into workflows at clinical labs requiring 
low- to mid-throughput platforms. In some cases, a single system 
can handle both stat and batch testing, allowing users to begin 
a new test while other samples are already in process.

Because they require so little human intervention, sample-
to-answer systems significantly reduce the training burden on 
clinical lab teams. They can be a good choice for laboratories 
with unpredictable demand for testing or lean staff resources.

Clinical utility and economic studies
As molecular testing has become more readily available, a 
number of clinical laboratories have evaluated them in studies 
designed to assess clinical utility and economic impact.

For example, researchers at the University of Virginia Health 
System paired a rapid molecular assay designed for Gram-positive 
bloodstream infections with an infectious disease consultation.21 
In their study of patients with bacteremia caused by S. aureus, they 
compared outcomes from a pre-implementation group of 106 
patients diagnosed with conventional culture testing and standard 
management to a post-implementation group of 120 patients. In 
the post-implementation group, diagnosis was performed with 

rapid, panel-based testing; positive results automatically triggered 
a consultation with an infectious disease specialist. Analysis of 
the comparison showed that the rapid molecular assay approach 
shortened the patient’s time to consultation once a blood culture 
rang positive by 26 hours, and the time to beginning treatment 
with a targeted antibiotic was reduced by an average of more than 
21 hours. Importantly, the time to switch patients to a targeted 
antibiotic for methicillin-sensitive cases of S. aureus decreased 
by more than 40 hours, on average. Mortality — both in the 
hospital and within 30 days — decreased significantly in the 
post-implementation group as well.

Another study, this one performed by researchers at the 
University of Maryland, aimed to evaluate the effects of rapid 
bloodstream infection diagnosis and antimicrobial stewardship 
efforts including a treatment algorithm.22 The study included 
188 patients who had bloodstream infections caused by Gram-
negative bacteria. Results showed that by using data from rapid 
molecular testing, algorithm-based treatment selection led to 
better-targeted antibiotics: antibiotic susceptibility for bacteria 
tested in vitro with an algorithm-selected therapy reached 92%, 
but fell to less than 78% for treatments selected by standard 
practices. Researchers determined that the algorithm would have 
made it possible for more than 88% of cases to get appropriate 
therapy compared to 78% with standard of care.

At the Cleveland Clinic, researchers conducted a large study 
of 877 patients with Gram-negative bacteremia — 456 treated 
prior to the implementation of rapid molecular testing and 
421 treated after implementation.23 They assessed outcomes 
by measuring how long it took to change a patient’s antibiotic 
to a targeted treatment based on diagnostic and antibiotic sus-
ceptibility data. Patients in the pre-implementation group got 
antimicrobial changes about 44 hours after a Gram stain was 
performed, while patients in the post-implementation group 
had their therapies adjusted after less than 29 hours. For patients 
who were initially treated with an inappropriate therapy, time 
to receive an effective therapy (again starting the clock with the 
Gram stain) dropped from nearly 25 hours to less than 9 hours. 
The median hospital stay also decreased from 9 days to 7 days.

Similar studies also incorporate an economic element. At the 
Children’s Hospital Los Angeles, for instance, researchers col-
lected information about hospital stay duration, hospital costs, 
and time to shift antibiotic treatment for 219 pediatric cases, 
gathering analogous data for 221 cases that had been treated 
prior to the adoption of rapid molecular diagnostics.24 In total, 
the team analyzed 440 Gram-positive bloodstream infection 
episodes for 383 patients. The incorporation of rapid testing led 
to a reduction of nearly 13 hours in getting patients on an opti-
mized antimicrobial treatment. Patients who had been treated 
with antibiotics based on false-positive culture results caused by 
blood culture contaminants were taken off these inappropriate 
treatments nearly 37 hours sooner. In addition, the median dura-
tion of a hospital stay was cut by 1.5 days and the median hospital 
costs decreased by nearly $3,800. Those numbers were even more 
significant for infections caused by S. aureus: the median hospital 
stay was nearly six days shorter and about $13,000 less expensive.

In one final example, researchers at the University of Southern 
California reviewed outcomes for patients with Gram-negative 
bloodstream infections six months prior to and six months after 
adopting a rapid molecular panel test for bloodstream patho-
gens.25 The study included 98 patients diagnosed with standard 
methods and 97 patients diagnosed with the rapid assay. Between 
the two groups, there were no major differences in demographics 
— such as comorbidities, the cause of bacteremia, or immunosup-
pressive treatments. Samples tested with rapid diagnostics were 
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also tested with traditional culture, and results showed that the 
rapid assay matched culture results in 98% of cases. Pathogen 
identification was performed more quickly with rapid testing, 
generating results at an average of 11 hours compared to nearly 
38 hours for conventional testing. Length of stay in the ICU was 
also measured and found to be four days shorter for patients with 
rapid diagnostic results. Mortality rates at 30 days dropped by 11% 
in the rapid-result cohort; for patients with multidrug-resistant 
infections, 12.5% (one patient of eight) died in the rapid testing 
group compared to 63% (12 patients out of 19) in the conventional 
testing group. Researchers estimated that the availability of rapid 
results for bloodstream infection cases would lead to an average 
net savings of nearly $12,000 per ICU patient.

In review
For bloodstream infection testing, clinical laboratories must 
produce key data about the pathogen causing the infection 
as well as its antibiotic resistance profile — and do so quickly 
enough to make a difference in treatment selection for the 
patient. When patients with bloodstream infections get an ef-
fective treatment quickly, they have far better outcomes and 
are less likely to spiral into worse conditions such as sepsis.

While this kind of testing has traditionally been done with a 
culture-based process, the reality is that waiting days or more 
for results makes it impossible for physicians to fine-tune or 
de-escalate treatment in a timely manner. Today, clinical labo-
ratories may shift to molecular methods that deliver results in 
just a few hours. Some of these molecular tests are designed 
to fit within the standard, culture-based workflow to make it 
easier for labs to incorporate these rapid assays.

For bloodstream infections, molecular tests can be designed 
to detect all common bacterial culprits. The same assay can 
also detect key antibiotic resistance mechanisms, producing 
clinically actionable results that in many cases can be reported 
back to treating physicians on the same day the sample is col-
lected. Clinical laboratories may want to prioritize molecular 
assays that allow for both direct-sample and PCR amplification 
testing for increased flexibility with each sample, as well as 
sample-to-answer systems that offer a streamlined workflow. 
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