Clinical Infectious Diseases

MAJOR ARTICLE

13 TDSA

Infectious Diseases Society of America hiv medicine association

Microbial Cell-Free DNA Identifies Etiology of
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Background. Microbial cell-free DNA (mcfDNA) sequencing of plasma can identify the presence of a pathogen in a host. In this
study, we evaluated the duration of pathogen detection by mcfDNA sequencing vs conventional blood culture in patients with bacteremia.

Methods. Blood samples from patients with culture-confirmed bloodstream infection were collected within 24 hours of the
index positive blood culture and 48 to 72 hours thereafter. mcfDNA was extracted from plasma, and next-generation sequencing was
applied. Reads were aligned against a curated pathogen database. Statistical significance was defined with Bonferroni adjustment for
multiple comparisons (P < .0033).

Results. A total of 175 patients with Staphylococcus aureus bacteremia (n = 66), gram-negative bacteremia (n =74), or
noninfected controls (n = 35) were enrolled. The overall sensitivity of mcfDNA sequencing compared with index blood culture was
89.3% (125 of 140), and the specificity was 74.3%. Among patients with bacteremia, pathogen-specific mcfDNA remained detect-
able for significantly longer than conventional blood cultures (median 15 days vs 2 days; P < .0001). Each additional day of mcfDNA
detection significantly increased the odds of metastatic infection (odds ratio, 2.89; 95% confidence interval, 1.53-5.46; P = .0011).

Conclusions. Pathogen mcfDNA identified the bacterial etiology of bloodstream infection for a significantly longer interval
than conventional cultures, and its duration of detection was associated with increased risk for metastatic infection. mcfDNA could

play a role in the diagnosis of partially treated endovascular infections.
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Accurate microbial diagnosis of a bloodstream infection is crit-
ical [1, 2]. While blood culture remains the gold standard for
diagnosis of bloodstream infection, its sensitivity may be as low
as 38% in individuals with severe sepsis [3, 4]. Conventional
blood culture systems require viable organisms in the blood-
stream; however, antibiotic therapy rapidly diminishes the
likelihood that blood cultures will identify a pathogen. A diag-
nostic platform that can identify bloodstream pathogens even
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when conventional culture systems fail to do so could improve
patient management, especially in syndromes such as culture-
negative endocarditis.

Recent studies indicate that microbial cell-free DNA
(mcfDNA) may be a valuable diagnostic platform for the iden-
tification of pathogens in severely ill patients with bloodstream
infections [5, 6]. In this study, we evaluated the presence and
duration of mcfDNA in patients treated for culture-confirmed
bacterial bloodstream infections.

METHODS

Study Population

This was a prospective, single-center, observational, co-
hort study of hospitalized patients with Staphylococcus au-
reus bacteremia (SAB) or gram-negative bacteremia (GNB)
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from July 2016 to April 2018. Patients were eligible if they
were aged >18 years, were hospitalized at Duke University
Hospital, had a positive blood culture for either S. aureus or a
gram-negative pathogen, and had a blood sample collected in
a K2-EDTA tube to be used for mcfDNA testing within 24 to
48 hours of the positive blood culture. Additional mcfDNA
testing was performed for each patient every 2-3 days for
up to a total of 5 samples (including the index sample). An
uninfected control group consisting of patients hospitalized
during the study period with no clinical suspicion of infec-
tion, no current or past history of a blood or nonblood cul-
ture, and no positive cultures during their current admission
was also enrolled.

Patients were ineligible for the study if they failed to under-
stand instructions or comply with study-related procedures or
if the treating physician believed the patient to have any condi-
tion that would prevent the patient from completing the study.
The Duke Institutional Review Board (IRB) approved the study.
Patients (or legally authorized representatives) provided written
informed consent. If a patient died prior to notification of blood
culture results, the patient was enrolled using an IRB-approved
notification of decedent research.

Clinical Data Abstraction

Clinical data were collected from each participants elec-
tronic medical record using a standardized case report form.
Information including demographics, comorbidities, hospital-
ization, and clinical outcomes was obtained for all in-patient
participants. Route of infection was defined as hospital ac-
quired, community acquired, or healthcare associated commu-
nity acquired, as previously defined [7]. Time to blood culture
positivity was determined by calculating the interval between
the time blood culture was collected and the time blood cul-
ture demonstrated any growth. Duration between antibiotic
initiation and diagnostic testing was determined by calculating
the days between antibiotic initiation and blood culture collec-
tion and between antibiotic initiation and mcfDNA test collec-
tion. Sepsis was defined as having a positive blood culture and
having met at least 2 of the following systemic inflammatory re-
sponse syndrome (SIRS) criteria: temperature >38°C or <36°C,
heart rate >90 beats per minute, respiratory rate >20 or partial
pressure of carbon dioxide <32, white blood cell count >12 000
cells/mm” or <4000 cells/mm?’, or having >10% immature neu-
trophil forms (band neutrophils) [8]. Septic shock was defined
as sepsis with hypotension (systolic blood pressure <90 mm
Hg) and perfusion abnormalities, as previously described [8].
Acute Physiology and Chronic Health Evaluation II scores, in-
cluding Acute Physiology Scores, were calculated on the day
of the index positive blood culture [9]. Acute renal failure was
defined as serum creatinine >1.5 times the baseline creatinine
or increasing by >0.3 mg/dL within 48 hours [10]. Persistent
bacteremia was defined as the presence of repeat positive

blood cultures following appropriate antimicrobial therapy
after >5 days for SAB patients [11] and >3 days for patients
with GNB [12]. Patients were considered to have metastatic
infection if they developed any of the following: infective en-
docarditis, septic emboli, septic thrombophlebitis, vertebral os-
teomyelitis, septic arthritis, a metastatic abscess, or other deep
tissue abscess, as previously defined [11]. Infective endocarditis
was defined based on modified Duke criteria [13].

Laboratory Studies

Bacterial isolates were speciated by the Duke Clinical
Microbiology Laboratory using standard techniques. Minimum
inhibitory concentration (MIC) values were determined using
the MicroScan Walkaway system (microbroth dilution method).
The MIC breakpoint values for each antibiotic were defined ac-
cording to the most recent Clinical and Laboratory Standards
Institute guidelines [14].

mcfDNA Sequencing

All methods and materials for mcfDNA sequencing have
been previously described [15]. Briefly, the Karius test is a
laboratory-developed test performed in a Kariuss Clinical
Laboratory Improvement amendments (CLIA)-certified and
CAP-accredited laboratory that detects mcfDNA in plasma.
After mcfDNA is extracted and next-generation sequencing
is performed, human reads are removed and the remaining
sequences are aligned to a curated database of >1400 organisms.
mcfDNA from organisms present above a statistical threshold
are reported and quantified in molecules per microliter. See
Supplementary Methods for full details.

Statistical Analyses

The distributions of continuous measures are presented as
medians and quartiles, and categorical variables are evaluated
using counts and percentages. Statistical comparisons between
groups were made with a 1-sided McNemar test for binary di-
agnostic test result concordance (blood culture vs mcfDNA),
the Kruskal-Wallis test for continuous variables, and the Fisher
exact test for categorical variables. Statistical significance was
set at P < .05. Each mcfDNA test and blood culture time point
that detected the index blood culture pathogen was used for
longitudinal analysis. Day“0 is defined as the day the index
blood culture was collected; duration of positivity was calcu-
lated using the day of sample collection. Survival curves for du-
ration of positivity were generated using GraphPad Prism (San
Diego, CA). Duration of positivity curves for each test method
(blood culture vs mcfDNA test) was compared using a log-rank
(Mantel-Cox) test. Multiple testing correction was performed
for all log-rank tests with the Bonferroni method with desired
P = .05 with m = 15; the final P value for statistical significance
after multiple comparisons adjustment was .0033. All compari-
sons for which the Bonferroni method was applied are indicated
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with an asterisk throughout the text. For all remaining compari-
sons, statistical significance was defined as P < .05.

Logistic regression prediction models were fit using the rms
R package (version 6.1-0) in R (version 4.0.3). Model summary
statistics were formatted using Stargazer (version 5.2.2), and
logistic regression plots were created using ggplot2 (version
3.3.3). Additional methods can be found in the Supplementary
Methods and Supplementary Table 4.

Exploratory Analyses of mcfDNA Results Obtained From the Uninfected
Control Group

We performed additional exploratory analyses to consider
the significance of mcfDNA false-positive results in the un-
infected control group (eg, bacteria identified by mcfDNA
in the blood of patients without active clinical infection who
had no blood cultures performed). In these exploratory ana-
lyses, we interpreted the clinical significance of mcfDNA re-
sults in the uninfected control group as “false positive” if the
Karius test identified any pathogen included on the list of
the most common bacterial causes of bloodstream infection
from the SENTRY Antimicrobial Surveillance Program [16]
and as “true negative” otherwise.

RESULTS

Clinical Characteristics

A total of 140 patients with positive blood cultures (SAB n = 66;
GNB n = 74) were included in the study (Table 1). Additional
microbiological characteristics are listed in Table 2. Patients
with SAB and GNB differed by route of infection (P =.002),
median time to positive blood culture results (SAB 21.2 hours
vs GNB 18.9 hours; P = .031), rates of metastatic infection (SAB
43.9% vs GNB 12.2%; P < .001*), and rates of persistent bacte-
remia (SAB 27.3% vs GNB 4.1%; P < .001*). Frequency of all-
cause mortality between the 2 groups was similar (SAB 19.7%
vs GNB 24.3%; P = .510). The average time from initiating anti-
biotics was significantly shorter for conventional blood cultures
than for initial mcfDNA test collection (blood culture 0.16 days
+ 2.07 days vs mcfDNA 1.60 days + 2.72 days; P < .001%).

Assay Performance

Sensitivity

The overall sensitivity of mcfDNA sequencing compared with
the index blood culture for all patients with bacteremia was
89.3% (125 of 140 true positives and 9 of 35 false positives,
McNemar P < .31), including 86.4% (57 of 66 true positives
and 1 of 35 false positives; P < .027) for SAB and 91.9% (68 of
74 true positives and 5 of 35 false positives; P < 1.0) for GNB
(Table 3, Table 4). False-negative index mcfDNA tests are de-
lineated in Supplementary Table 1. Positive agreement between
the index mcfDNA test and the index blood culture of all pa-
tients with bacteremia was 84.7% (116 of 137 true positives
and 9 of 35 false positives; P < .044), including 78.1% (50 of

64 true positives and 1 of 35 false positives; P < .002) for SAB
and 90.4% (66 of 73 true positives and 5 of 35 false positives;
P < .77) for GNB.

Specificity

Opverall specificity of the mcfDNA assay in this study was 74.3%.
This overall specificity is due to the fact that mcfDNA iden-
tified an organism in 9 of 35 uninfected controls. In post hoc
exploratory analyses, we considered the significance of these 9
false-positive results. Five of 9 false-positive pathogen detec-
tions were not common causes of bloodstream infection char-
acterized by the SENTRY Antimicrobial Surveillance Program
[16]. Four of these 5 false-positive uncommon causes of blood-
stream infection included organisms that were not included in
the study cohort (eg, neither S. aureus nor gram-negative bac-
teria). Thus, when we included the remaining 4 false-positive
common causes of bloodstream infection in a post hoc calcula-
tion, specificity for mcfDNA was 88.6% (Supplementary Table
2).

mcfDNA Duration of Positivity

The median duration of pathogen identification by mcfDNA
was significantly longer than identification by conventional
blood cultures in the overall cohort with bacteremia (15 days
vs 2 days; P < .0001* by log-rank Mantel-Cox test; Figure 1A).
This finding persisted for the subgroups of SAB (15 days vs
3 days; P < .0001* log-rank Mantel-Cox test) and GNB (8 days
vs 0 days; P < .0001* log-rank Mantel-Cox test; Figure 1B).

Duration of Detectable mcfDNA in Metastatic Infection

Median duration of detectable mcfDNA was longer in bacte-
remic patients with metastatic infection than in bacteremic pa-
tients without metastatic infection (22 days vs 8 days; P = .0054;
Figure 2, Supplementary Figure 1A). Next, we examined pre-
and post-procedure mcfDNA levels in patients with metastatic
infection who underwent procedures to achieve source con-
trol (eg, surgical debridement, device removal; Supplementary
Figure 2). Those with definitive source control tended to ex-
hibit a more rapid decrease in their mcfDNA, whereas those
with persistent foci of infection had a slower decay of mcfDNA.
These differences in decay did not reach statistical significance
following multiple comparisons adjustment. Additional infor-
mation regarding the nature of these procedures and any re-
maining foci of infection is provided in Supplementary Table 3.

Longitudinal mcfDNA Detection and Presence of Metastatic
Infection

Logistic regression was used to assess associations between
the duration of detection of mcfDNA and the class of infec-
tion (SAB or GNB) with the presence of metastatic infection
in the source patient from whom the samples were drawn.
Model coefficients used for the regression analysis are provided
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Table 1. Clinical Characteristics of the Study Population

Overall Bacte- Staphylococcus Gram-Negative
remia Cohort, aureus Bacteremia, Bacteremia, Controls,
Characteristic N =140 N = 66 N =74 PValue N =235
Demographics
Age, median (Q1, Q3), y 62.0 (50.8, 71.0) 61.5(52.3, 69.8) 63.0 (48.5, 71.0) 759 61 (52.5, 68.0)
Sex (female) 56 (40) 22 (33.3) 34 (45.9) 167 16 (45.7)
Race .035
Black 45 (32.1) 26 (29.4) 19 (25.7) 8(22.9)
White 86 (61.4) 39 (69.1) 47 (63.5) 25 (71.4)
Other 9 (6.4) 1(1.5) 8(10.8) 2(5.7)
Comorbidities
Dialysis dependent 19 (13.6) 11 (16.7) 8(10.8) 334
Diabetes mellitus 64 (45.7) 31 (47.0) 33 (44.6) .865
Neoplasm 32 (22.9) 12 (18.2) 20 (27.0) .233
Living with human immunodeficiency virus 2 (1.4) 2 (3.0) 0 (0) 221
Transplant recipient 21 (17.6) 6 (9.1) 15 (20.3) .096
Injection drug use 8(6.3) 5(7.6) 3(4.1) 475
Corticosteroid use (30 day) 38 (27.1) 17 (25.8) 21 (28.4) .849
Acute Physiology and Chronic Health Evaluation 17 (13.0, 18.7) 175 (13.0, 22.0) 170 (13.0, 25.8) .643
II, median (Q1, Q3)
Acute Physiology Score, median (Q1, Q3) 11 (7.0, 16.0) 10 (70, 14.8) 11.5 (70, 17.0) 454
Route of infection .002
Hospital acquired 27 (19.3) 6(9.1) 21 (28.4)
Healthcare associated, community acquired 65 (46.4) 40 (60.6) 25 (33.8)
Nonhealthcare associated, community acquired 48 (34.3) 20 (30.3) 28 (37.8)
Symptoms
Fever at presentation 95 (67.9) 46 (69.7) 49 (66.2) 719
Fever >72 h 17 (12.1) 10 (15.2) 7 (9.5) 316
White blood cell count x10%/L, median (Q1, Q3) 11.7 (8.2, 16.2) 13.0 (9.3, 18.8) 11.0 (6.4, 14.8) .016
Time to blood culture positivity,” median (Q1, 20.2 (16.7, 24.3) 21.2 (18.0, 24.4) 18.9 (15.4, 23.4) .031
Q3), hours
Complications
Hospital length of stay median (Q1, Q3), d 11.0 (70, 20.5) 12.0 (9.0, 24.8) 8.0 (5.0, 14.0) <.001
Any metastatic infection 38 (27.1) 29 (43.9) 9(12.2) <.001
Metastatic abscess 13 (9.3) 9 (13.6) 4 (5.4) .689
Septic emboli 11 (7.9) 9(13.6) 2(2.7) 1.000
Metastatic vertebral osteomyelitis 6 (4.3) 5 (7.6) 1(1.4) 1.000
Metastatic nonvertebral osteomyelitis 3(2.1) 2 (3.0 1(1.4) 1.000
Metastatic arthritis 2 (1.4) 2 (3.0 0(0) 1.000
Metastatic psoas abscess 1(0.7) 1(1.5) 0(0) 1.000
Other metastatic infection 4(2.9) 4(6.1) 0(0) .555
Infective endocarditis 11 (79) 10 (15.1) 1(1.4) 237
Sepsis 114 (81.4) 53 (80.3) 61 (82.4) .829
Septic shock 16 (11.4) 8(12.1) 8(10.8) 1.000
Acute respiratory distress 16 (11.4) 9(13.6) 7 (9.5) .596
Acute renal failure 49 (35.0) 21 (31.8) 28 (378) 483
Persistent bacteremia 21 (15.0) 18 (27.3) 3(4.1) <.001
Outcomes
Recurrent infection 6 (4.3) 3 (4.5) 3(4.1) 1.000
Attributable mortality 12 (8.6) 6(9.1) 6 (8.1) 1.000
All-cause mortality 31 (22.1) 13 (19.7) 18 (24.3) 647

Abbreviations: Q1, first quartile; Q3, third quartile.
“Calculated by time of blood culture flagged positive for growth minus time of blood culture collection.

in Supplementary Table 4. The additive 2-predictor model ~ 0.16 (resampling corrected index = 0.16). Each additional day
possessed a pseudo r-squared value of 0.315 (resampling cor- of mcfDNA detection significantly increased the odds of meta-
rected index = 0.29), a c-index of 0.791, and a Brier score of static infection (odds ratio [OR], 2.89; 95% confidence interval
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Table 2. Microbiologic Characteristics of the Study Cohort

Overall Bacteremia Cohort,

Microbiologic Characteristic N = 140 (%)

Staphylococcus aureus bacteremia 66
Methicillin-resistant S. aureus 30 (45.5)
Methicillin-susceptible S. aureus 36 (54.5)

Gram-negative bacteremia 74
Escherichia coli 29 (39.2)
Klebsiella pneumoniae 1 (14.9)
Pseudomonas aeruginosa 11 (14.9)
Enterobacter cloacae/asburiae 6 (8.1)
Serratia marcescens 3(4.1)
Enterobacter aerogenes 2(2.7)
Haemophilus influenzae 2(2.7)
Proteus mirabilis 2(2.7)
Other species® 8(10.8)

“Species with 1 organism only: Acinetobacter baumannii, Burkholderia spp., Citrobacter
amalonaticus, Enterobacter gergoviae, Morganella morganii, Providencia stuartii,
Salmonella spp., polymicrobic with E. coliand K. pneumoniae.

[CI], 1.53-5.46; P =.0011%*). Detection of S. aureus mcfDNA
was associated with a higher risk of metastatic infection com-
pared with detection of gram-negative bacteria by mcfDNA
(OR, 3.6;95% CI, 1.41-9.26; P = .0077; Figure 3).

DISCUSSION

For more than a century, the diagnosis of bacteremia has hinged
on culturing live organisms from blood. mcfDNA represents a
potential paradigm shift in the diagnosis of bacterial blood-
stream infection. In the current study, we found that mcfDNA
testing could identify the etiology and suggest the presence
of metastatic manifestations in patients with bloodstream in-
fection. By evaluating both conventional blood cultures and
mcfDNA longitudinally in patients with confirmed blood-
stream infection, we made 2 key observations.

First, we found that mcfDNA from the causative pathogen
was detected almost 2 weeks after conventional blood cultures

Table 3. Performance of Microbial Cell-Free DNA Test Versus Index
Blood Culture

True False False True Neg- Sensi-
Positive Negative Positive ative  Total tivity Specificity

Index 116 21 9 26 172°84.7% 74.3%/88.6 %"
mcfDNA
Any mcfDNA 125 15 13 22 175 89.3% Not applicable

Sensitivity and specificity of either the index mcfDNA test or any mcfDNA obtained for
each case vs the index blood culture. Listed by type of bacteremia with cumulative n = 172
in the index mcfDNA vs index blood culture analysis, n = 175 in the all mcfDNA vs index
blood culture analysis.

®Excludes 3 index samples that were QNS. Specificity based on 35 negative controls ad-
mitted but no suspicion of an infection.

PSpecificity calculation based on the most common causes of bloodstream infection by the
SENTRY Antimicrobial Surveillance Program.

Abbreviations: mcfDNA, microbial cell free DNA; QNS, quantity not sufficient.

became negative. This finding is consistent with previous
studies [5, 6] and suggests that mcfDNA can enhance our ability
to accurately diagnose and treat patients with culture-negative
endovascular infections caused by prior antibiotic therapy
(Supplementary Figure 1B). For example, a specific bacterial di-
agnosis with mcfDNA could help to avoid the broad-spectrum,
toxic empiric treatment recommended [17] for culture-negative
endocarditis.

Second, we found that duration of mcfDNA detection in
patients with bloodstream infection was associated with the
presence of metastatic infection. Our results indicated that
each additional day of detectable mcfDNA increased the odds
of metastatic infection by almost 3. This finding suggests that
the duration of mcfDNA detection may eventually provide
clinicians with an ability to individualize antibiotic therapy for
bloodstream infections. For example, patients treated for blood-
stream infections with a known pathogen whose mcfDNA assay
converts to nondetectable during their antibiotic course could
be considered for abbreviated durations of treatment or for
step-down to oral antibiotics. Conversely, patients with per-
sistent levels of detectable mcfDNA could be identified as high
risk for metastatic infection and would benefit from additional
diagnostic imaging and evaluation (eg, transesophageal echo-
cardiography, positron emission tomography scans) [18]. Such
metastatic foci may often be occult [19, 20], yet generally re-
quire longer durations of therapy and/or surgical source control
(11, 18, 21].

While not statistically significant, we also observed a ge-
neral pattern of decreasing mcfDNA levels in patients with
metastatic infections who underwent debridement procedures
(Supplementary Figure 2, Supplementary Table 3). One example
is patient KA1099, who achieved definitive source control with
amputation. There were 12 patients who exhibited persistent
mcfDNA levels after attempted source control, 11 of whom had
clinical or radiographic evidence of additional or remaining
infectious foci of infection. Additional analyses demonstrated
a predictable decline in mcfDNA abundance for both SAB
and GNB in response to antibiotic treatment (Supplementary
Methods, Supplementary Figure 3). Further prospective studies
are needed to evaluate the utility of mcfDNA in estimating the
burden of infection in patients with complicated bloodstream
infections.

Finally, our results are consistent with prior published re-
ports of the sensitivity of mcfDNA compared with conven-
tional blood culture [15, 22, 23]. Additionally, the majority
(17 of 21) of the false-negative samples had evidence of the
causative pathogen in the raw data (Supplementary Table 1).
Unlike the evaluation of mcfDNA in our unambiguous clin-
ical categories of SAB and GNB, the clinical consequences
of organisms identified by mcfDNA in our uninfected con-
trol patients, whose selection was based on the clinical ab-
sence of active infection, is unknown. False-positive mcfDNA
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Table 4. Performance of Microbial Cell-Free DNA Test Versus Index Blood Culture by Pathogen Type

Any mcfDNA Versus Index Blood Culture, N = 140

Index mcfDNA Versus Index Blood Culture, N = 137

Study Group mcfDNA Positive ~ mcfDNA Negative ~ Agreement, % mcfDNA Positive ~ mcfDNA Negative ~ Agreement, %
Gram-negative bacteremia 68 6 91.9 66 7 90.4
Staphylococcus aureus bacteremia 57 9 86.4 50 14 78.1
Methicillin-resistant S. aureus 29 2 93.5 28 4 875
Methicillin-susceptible S. aureus 28 7 80 22 10 68.8
Cumulative 125 15 89.3 116 21 84.7
Control® n/a n/a n/a 9 26 n/a

Percent agreement of any of the mcfDNA tests (n = 140) and index mcfDNA (n = 137) obtained for each case vs the index blood culture for all patients with positive blood cultures, listed

by type of bacteremia.
Abbreviations: mcfDNA, microbial cell-free DNA; n/a, not applicable.

“The control group consisted of patients who did not have a suspicion for infection during their admission and did not have blood cultures performed; thus, no agreement could be calculated.

results in a cohort of hospitalized, uninfected patients may
represent source contamination, commensalism, mucosal
barrier injury (MBI), or event occult bacteremia related to
minor procedures such as toothbrushing [24]. Comparison
of the organisms found by sequencing in the uninfected con-
trol group against common causes of bloodstream infection
can provide additional context into potential contaminants,
commensals, or those resulting from MBI. In order to con-
textualize the false positives in the uninfected control group,
we explored specificity using various parameters (including
comparison against common causes of bloodstream infec-
tion defined by the SENTRY Antimicrobial Surveillance
Program), and the range was 74.3% to 88.6% [16]. This ap-
proach was taken by Goggin and colleagues in their study on
mcfDNA in bloodstream infections in immunocompromised

hosts [25]. Similar methods of adjudication were undertaken
by the Centers for Disease Control and Prevention/National
Healthcare Safety Network to prevent misclassification of
bloodstream infections caused by MBI in immunocompro-
mised hosts [26].

Our study has limitations. First, our uninfected control
group consisted of hospitalized individuals without clinical
suspicion of infection. Given its ability to identify patho-
gens in culture-negative infections, it is possible that some
controls who had detectable bacteria by mcfDNA had oc-
cult bacteremia or mucosal barrier injury [15]. In addition,
the use of remnant K2-EDTA plasma from routine clinical
care may have introduced potential contamination. Second,
the mean time from antibiotic initiation to mcfDNA col-
lection (1.6 days + 2.72) was significantly longer than the
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Figure 1. Duration of microbial cell-free DNA (mcfDNA) positivity compared with blood culture for Staphylococcus aureus and GN bacteremia. A, Kaplan-Meier curve

showing duration of positivity for KT vs BC for all bloodstream infections. The median duration of positivity was significantly different in mcfDNA at 15 days vs BC at 2 days
(P<.0001 by log-rank test). B, Kaplan-Meier curve showing duration of positivity for KT and BC for S.a., the median duration of positivity was significantly different in mcfDNA
at 15 days vs BC at 3 days (P<.0001 by log-rank test). For GN infections, the median duration of positivity was significantly different in mcfDNA at 8 days vs BC at 0 day
(P<.0001 by log-rank test). Abbreviations: BC, blood culture; GN, gram-negative; KT, Karius test; S.a., Staphylococcus aureus.
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Figure 2. Duration of microbial cell-free DNA positivity in patients with meta-
static infection. Kaplan-Meier curves showing duration of positivity for KT and BC in
patients with metastatic vs nonmetastatic infection. BC metastatic median duration
of positivity was 4 days. BC nonmetastatic median duration of positivity was 0 days.
KT metastatic duration of positivity was 22 days. KT nonmetastatic duration of pos-
itivity was 8 days. P=.0054 by log-rank (Mantel-Cox) test. Abbreviations: BC, blood
culture; KT, Karius test; Met, metastatic; Non, nonmetastatic.

mean time from antibiotic initiation to blood culture collec-
tion (0.16 + 2.07). This collection delay of the investigational
mcfDNA relative to conventional blood cultures collected as
a matter of routine clinical care may have impacted its sensi-
tivity compared with blood culture. Finally, the maximum of
5 samples that were collected per patient may not have pro-
vided sufficient duration to fully demarcate the persistence
of mcfDNA in each patient.
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Figure 3. Prediction of Staphylococcus aureus metastatic infection using dura-
tion of microbial cell-free DNA (mcfDNA) detection/positivity. Logistic regression
predictions of metastatic infection conditioned on days of detectable plasma
mcfDNA and type of infection (S. aureus bacteremia or gram-negative bacte-
remia). Briefly, 125 patients were used to construct an additive 2-parameter model
(pseudo r-squared 0.315, Brier score = 0.16, Harrell's concordance index = 0.791).
The predicted log of odds from the fitted model (y-axis) using days of detectable
mcfDNA (x-axis; odds ratio [OR], 2.89; 95% confidence interval [CI], 1.53-5.46 for
each additional day) and class of infection (OR, 3.61; 95% Cl, 1.40-9.26 for S. au-
reus infection) are shown. Abbreviations: Gram Neg, gram-negative; Staph aureus,
Staphylococcus aureus.

CONCLUSIONS

Despite these limitations, we demonstrate that a novel mcfDNA
sequencing assay can accurately identify the etiology of causa-
tive pathogens in patients with bloodstream infection. Future
studies are needed to evaluate the potential role of mcfDNA
in managing patients with bacteremia, including diagnosing
the etiology of culture-negative endocarditis, guiding deci-
sion-making on duration and route of antibiotic therapy, and
identifying patients at high risk for underlying metastatic in-
fections who require additional diagnostic procedures. The
results of this study support the hypothesis that mcfDNA may
ultimately offer an innovative method to personalize the man-
agement of bacterial bloodstream infection.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors, so
questions or comments should be addressed to the corresponding author.
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