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Background. Recent advances in shotgun metagenomic sequencing (sMGS) for detecting microbial cell-free DNA (mcfDNA) 
in peripheral blood have shown promise across various patient populations. This study evaluates the application of sMGS for 
diagnosing osteoarticular infections (OAIs), a condition with significant diagnostic challenges.

Methods. We conducted a retrospective analysis on 73 patients suspected of OAIs at the Mayo Clinic from 2019 to 2023, 
incorporating mcfDNA sMGS (Karius test [KT]) into their diagnostic evaluation. We categorized the clinical impact of KT on 
OAI diagnoses and management into 4 distinct outcomes. (1) KT was able to confirm an established diagnosis, (2) KT 
supported noninfectious diseases diagnosis, (3) KT established an unsuspected diagnosis, (4) KT did not add relevant information.

Results. In our cohort, KT was performed in 73 patients. Among the infected individuals, KT yielded positive results in 22 of 43 
(51.2%) cases. Of these 22 cases, 11 (50%) showed agreement with conventional diagnostic workup, whereas in 5 (22.7%) cases, the 
KT established an unsuspected diagnosis. Native vertebral osteomyelitis diagnosis (P < .001) or OAIs with concomitant presence of 
endocarditis or endovascular infection (P = .005) were statistically associated with a definite, probable, or possible diagnostic 
certainty of KT result.

Conclusions. In complex OAIs, KT enhanced diagnostic accuracy by 11.6%, proving especially beneficial in diagnosing native 
vertebral osteomyelitis and infections with concurrent endocarditis or endovascular complications. Our findings underscore the 
utility of KT in the diagnostic workflow for challenging OAI cases, potentially altering clinical management for a significant 
subset of patients.
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Osteoarticular infections (OAIs) are a heterogeneous group of 
infections [1, 2] and present a substantial healthcare burden. 
Their incidence is increasing, particularly among the elderly, 
patients with diabetes mellitus or immunosuppression, and 
those with implanted orthopedic devices [3, 4].

Effective management of OAIs relies on the accurate identifi-
cation of the culprit pathogens. Given the limited yield of blood 

cultures for these infections [5–8], the diagnosis often relies on 
invasive sampling for microbiological analysis. Nonetheless, an 
etiologic agent is not identified in approximately 35%–50% 
of cases [9, 10]. In recent years, advancements in pathogen iden-
tification techniques, such as polymerase chain reaction (PCR) 
and metagenomic sequencing, have significantly improved diag-
nostic accuracy [11]; however, the existing framework continues 
to depend extensively on invasive sampling and the quality of the 
collected sample. In light of these considerations, there is a press-
ing need for new culture-independent and noninvasive tests that 
provide rapid microbiological results in OAIs with high diagnos-
tic performance.

In 2019, Blauwkamp et al [12]. reported on the validation 
and deployment of a shotgun metagenomic sequencing 
(sMGS) method that identifies the presence of microbial cell- 
free DNA (mcfDNA) in blood plasma, covering a range of 
more than 1250 bacteria, DNA viruses, fungi, and eukaryotic 
parasites (Karius, Karius Inc., Redwood City, CA). This is the 
first test of its kind implemented in the United States of 
America [12]. Since its introduction, this test has been studied 
in various conditions, such as bloodstream infections, sepsis, 
febrile neutropenia, pneumonia, and infective endocarditis in 

Karius Test for Osteoarticular Infections • OFID • 1

Open Forum Infectious Diseases                                   

M A J O R  A R T I C L E

https://orcid.org/0000-0003-0125-9551
https://orcid.org/0000-0001-7896-4588
https://orcid.org/0000-0001-9538-6214
https://orcid.org/0000-0003-4331-5259
https://orcid.org/0000-0003-4955-5544
https://orcid.org/0000-0002-3630-0668
mailto:Berbari.elie@mayo.edu
mailto:Berbari.elie@mayo.edu
mailto:francescopetri2@gmail.com
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1093/ofid/ofae328


both immunocompetent and immunocompromised patients 
[13–19]. However, the clinical usefulness of Karius test (KT) 
in OAIs remains uncertain. Consequently, the purpose of our 
study was to assess the real-world usefulness of the KT for 
identifying organisms in blood or plasma and its impact on di-
agnosis and clinical management in a retrospective cohort of 
patients with OAIs at a quaternary care center.

METHODS

Study Population

We conducted a retrospective cohort study of adult patients 
who presented to the Mayo Clinic with suspected OAIs between 
1 November 2019 and 31 November 2023, and for whom 
mcfDNA sMGS testing was ordered as part of their diagnostic 
workup. All patients were identified using the electronic health 
records at Mayo Clinic. The study data were collected and man-
aged using the REDCap electronic data capture tool [20]. 
Data collected included demographics (age, sex), comorbidities 
(Charlson comorbidity score), immunosuppression (malignan-
cy, hematopoietic or solid organ transplantation), and laborato-
ry testing (blood and invasively collected culture results, biopsy 
results, C-reactive protein and erythrocyte sedimentation rate at 
the time of the KT). We also extracted data regarding KT results 
and diagnostic certainty and how it affected diagnosis and man-
agement of patients. A priori definitions of the syndromes in-
volved can be found in Supplementary material.

The study was approved by the institutional review board 
at Mayo Clinic under a waiver of informed consent (IRB 
23-002189).

mcfDNA-Next-generation Sequencing Test

Peripheral blood samples were collected in a BD or a 
K2-ethylenediaminetetraacetic acid Vacutainer. The KT was 
created and validated within the Karius Clinical Laboratory 
Improvements Amendments-certified/College of American 
Pathologists-accredited/New York State Department of Health- 
approved laboratory in Redwood City, California. This test is de-
signed to identify and measure mcfDNA in plasma. After blood 
collection, samples underwent processing, plasma was isolated, 
and sent to the Karius laboratory for next-generation sequencing, 
in adherence to the Karius Specimen Collection & Preparation 
Instructions protocol, as previously described (https://kariusdx. 
com/karius-test/karius-test-process#specimen-collection) [12].

Clinical Application of KT Results

As described previously [13], diagnostic certainty of KT result 
was defined, by adjudication, as definite, probable, possible, or 
unlikely. These categories were applied to KT results to assess 
their concordance with the conventional diagnostic workup. 
Definitions can be found in Supplementary material. An organ-
ism identified through either conventional diagnostic testing or 

KT was considered clinically significant if the clinical team 
found the result plausible, or if the positive test information 
was used to enact a clinical change in patient management.

Clinical changes to patient management made in response to 
KT results were assessed by manual chart review. The clinical 
impact categories of KT were divided into 4 categories: (1) 
KT was able to confirm an established diagnosis, (2) KT sup-
ported noninfectious diseases diagnosis, (3) KT established 
an unsuspected diagnosis, or (4) KT did not add relevant infor-
mation. These categories were based on the treating team’s in-
terpretation of KT results and their subsequent management 
decisions. Definitions or the categories can be found in 
Supplementary material. On the other hand, the impact on an-
tibiotic therapy was divided into 5 categories: KT results led to 
(1) starting antibiotics, (2) escalation of antibiotics, (3) no 
change, (4) deescalation, and (5) discontinuation of antibiotics.

Statistical Analysis

Data management and analysis were conducted using IBM SPSS 
version 28 (IBM, New York, NY, USA). Descriptive statistics 
were presented as count and percentage for categorical variables 
and as mean and standard deviation (SD) for continuous vari-
ables, or as median and interquartile range when the variables 
were not normally distributed. Additionally, independent- 
samples t-test (or Wilcoxon rank-sum test) and Pearson χ2 (or 
Fisher exact) tests were used for continuous and categorical var-
iables, respectively, to compare baseline characteristics for spe-
cific subgroups including KT outcome (KT definite/probable/ 
possible vs KT unlikely/negative) and KT results (positive vs 
negative). For the analysis of infectious versus noninfectious 
versus unknown groups One-way analysis of variance or the 
Kruskal-Wallis test were used. Significance was set at P < .05.

RESULTS

Baseline Characteristics of the Study Population

We identified 73 patients with suspected OAIs who were tested 
with KT as part of their diagnostic workup. The mean age was 
58.9 years (SD 15.7), with a mean Charlson comorbidity score 
of 4.3 (SD 3.2) (Table 1).

Overall, 43 (58.9%) of the patients tested with KT had an in-
fective final diagnosis, compared to 26 (35.6%) noninfective and 
4 cases (5.5%) with unknown final diagnosis. Clinical character-
istics of patients in the infected cohort were similar to those in 
uninfected cohort for the factors analyzed (Supplementary 
Table 1). Death occurred in 7 (9.6%) patients, of whom 2 
were attributed to the infection detected by KT.

Karius Impact on Diagnosis and Diagnostic Certainty

KT result was positive in 31/73 (42.5%) patients, including 
22/43 (51.2%) with infection as a final diagnosis. Comparing 
characteristics of patients with positive and negative KT results, 
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variables significantly associated with KT positivity were native 
vertebral osteomyelitis (NVO) as a final diagnosis (P = .004) 
and presence of infective endocarditis or endovascular infec-
tion (P = .045). Other variables analyzed were not significantly 
associated with KT positivity (Supplementary Table 2).

Out of the 43 infectious cases, the KT proved beneficial in 
identifying a new infective diagnosis in 5 infective cases 
(Table 2) and validating a preexisting infective diagnosis in 
11 cases (Supplementary Table 3), improving the diagnostic 
power from 25.6% (11/43) to 37.2% (16/43). All 5 cases were ul-
timately identified as infectious, and their treatment was guided 
by KT results. Subsequent follow-up assessments by treating 
physicians revealed clinical improvement in all cases after 

Table 1. Baseline Characteristics of the Patients With Suspected 
Osteo-articular Infections, Including Demographics, Clinical 
Characteristics, Diagnosis, and KT Results

Characteristic N Overall (N = 73)

Demographics … …

Sex at birth: female (%) 73 29 (39.7%)

Age (years; mean, SD) 73 58.9 (±15.6)

Patient characteristics … …

BMI (kg/m2; median, IQR) 73 29 (25.4–34.2)

Immunosuppression 73 27 (37%)

Dialysis 73 2 (2.4%)

Previous surgery on the site of infection 73 16 (21.9%)

Previous injections or percutaneous procedures at 
the site of infection

73 11 (15.1%)

Previous radiotherapy at the site of infection 73 2 (2.7%)

Charlson comorbidity score (mean, SD) 73 4.29 (±3.17)

Presence of endocarditis or endovascular/device 
infection

73 11 (15.1%)

Bloodwork … …

C-reactive protein at the time of diagnosis (±72h, 
mg/L; median, IQR)

45 41.8 (7.6–125)

C-reactive protein at time of KT (±72h, mg/L; 
median, IQR)

51 51.9 (12.5–142.9)

Total leukocyte count, at time of KT (±72h, 109/L; 
mean, SD)

64 8.26 (±3.92)

Erythrocyte sedimentation rate at time of KT 
(±72h, mg/L; median, IQR)

43 41.0 (10.0–66.0)

Clinical characteristics … …

Suspected diagnosis 73 …

Native vertebral osteomyelitis … 32 (43.8%)

Hardware-associated vertebral osteomyelitis … 2 (2.7%)

Hardware-associated nonvertebral osteomyelitis … 1 (1.4%)

Native nonvertebral osteomyelitis … 9 (12.3%)

Prosthetic joint infection … 1 (1.4%)

Native septic arthritis … 18 (24.7%)

Septic bursitis … 1 (1.4%)

Othera … 10 (13.7%)

Final diagnosis 73 …

Infective … 43 (58.9%)

Noninfective … 26 (35.6%)

Unknown … 4 (5.5%)

Final infective diagnosis 43 …

Native vertebral osteomyelitis … 23 (53.5%)

Hardware-associated vertebral osteomyelitis … 2 (4.7%)

Native nonvertebral osteomyelitis … 5 (11.6%)

Hardware-associated nonvertebral osteomyelitis … 0 (0%)

Prosthetic joint infection … 0 (0%)

Native septic arthritis … 7 (16.31%)

Septic bursitis … 1 (2.3%)

Otherb … 5 (11.6%)

Microbiological workup … …

Positive blood culture 51 3 (5.9%)

Positive culture from first biopsy 42 7 (16.7%)

Positive culture from second biopsy 22 5 (22.7%)

Positive culture from arthrocentesis 22 3 (13.6%)

Positive culture from surgery 39 8 (20.5%)

Patients with positive PCR result 57 5 (8.7%)

Duration of antibiotics before KT (days; median; 
IQR)

43 6 (3–13)

Antimicrobial agents administered ≥ 7 d before KT 73 17 (23.2%)

Antimicrobial agents administered < 7 d before KT … 26 (35.6%)

Table 1. Continued  

Characteristic N Overall (N = 73)

No antimicrobial agents beforeKT … 31 (42.5%)

KT … …

ID consultation at Mayo Clinic 73 68 (93.2%)

Result 73 …

Positive … 31 (42.5%)

Negative … 42 (57.5%)

Number of pathogens identified (mean, SD) 31 1.71 (±1.57)

Positive KT considered clinically significant 31 16 (51.6%)

Diagnostic certainty … …

Definite 31 11 (35.5%)

Probable … 4 (12.9%)

Possible … 4 (12.9%)

Unlikely … 12 (38.7%)

Clinical management … …

Number of patients for whom T changed 
management

73 6 (8.2%)

Impact on diagnosis 73 …

Confirmed an established diagnosis … 11 (15.1%)

Supported non-ID diagnosis … 14 (19.2%)

Established an unsuspected diagnosis … 5 (6.8%)

Did not add relevant information … 43 (58.9%)

Impact on antibiotic therapy 73 …

Started … 2 (2.7%)

Escalation/broadened … 2 (2.7%)

No change … 67 (91.8%)

Deescalation … 1 (1.4%)

Discontinuation … 1 (1.4%)

Patient outcome … …

Death 73 7 (9.6%)

Death attributed to present infection 7 3 (42.9%)

Death attributed to infection detected by KT … 2 (28.5%)

Patients treated with antibiotics 73 55 (75.3%)

Patients treated with surgery 73 35 (47.9%)

Abbreviations: BMI, body mass index; ID, infectious diseases; IQR, interquartile range; KT, 
Karius test; PCR, polymerase chain reaction; SD, standard deviation.  
aOther suspected diagnosis: inflammatory arthropathies (n = 2), chronic recurrent multifocal 
osteomyelitis (n = 1), tenosynovitis (n = 5), wet gangrene (n = 1), synovitis (n = 1).  
bOther final infective diagnosis: tenosynovitis (n = 4); wet gangrene (n = 1).  

* We considered as index procedure the nearest invasive diagnostic procedure (eg, open or 
percutaneous biopsy, arthrocentesis) at the site of infection to the date when KT sample 
was drawn, that provided any result from the microbiology laboratory. If an invasive 
procedure was not performed for any reason, we considered the nearest blood cultures 
to the KT sample (7/73 patients).
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KT-guided antibiotic therapy. Nonetheless, it did not add rele-
vant information in 43/73 (58.9%) cases because 28/43 (65.1%) 
of them had negative results and 15/43 (34.9%) of them had 
positive KT results that were considered not clinically signifi-
cant and yielded a negative result in 19/26 (73.1%) patients 
with noninfectious diagnosis.

Distribution of the KT results and their respective outcomes 
can be found in Figure 1.

Factors Associated With Diagnostic Certainty of KT

Based on the diagnostic certainty categories mentioned in the 
methods section, 19/73 (26.0%) patients had either definite, 
probable, or possible KT results, whereas 54/73 (73.9%) had ei-
ther unlikely or negative KT results. In a univariate analysis 
comparing definite, probable, and possible KT results group 
to negative and unlikely KT results group, variables signifi-
cantly associated with KT diagnostic certainty were NVO as fi-
nal diagnosis (68.4% in the definite/probable/possible group vs 
16.7% in the unlikely/negative group; P < .001), and presence 
of infective endocarditis or endovascular infection (36.8% vs 
7.4%; P = .005). However, there was no significant difference 
in sex (P = .76), age (P = .68), immune status (P = .57), and 
biologic markers, when comparing KT diagnostic certainty be-
tween the 2 groups (Table 3).

KT Impact on Management and Antibiotic Therapy

Overall, KT influenced antibiotic therapy in 6 cases (8.2%). 
Within this subset, antimicrobial therapy was initiated in 2 pa-
tients (2.7%), broadened in 2 (2.7%), deescalated in 1 (1.4) and 
discontinued in 1 (1.4%) of the cases (Table 4). Notably, all 
patients, except for patient 54, exhibited a favorable response to 
changes in antibiotic therapy. Therefore, 5/73 (6.8%) of the pa-
tients had a positive change in management of antibiotic therapy.

DISCUSSION

To our knowledge, this is the first retrospective study aiming to 
assess the real-world usefulness of the KT on the diagnosis and 
clinical management of patients with OAIs. In our cohort, 
among the infected individuals, the KT yielded positive results 
in 22 of 43 cases. Of these 22 cases, 11 (50%) showed agreement 
with conventional diagnostic workup, whereas in 5 (22.7%) 
cases, the KT established an unsuspected diagnosis, improving 
the diagnostic power of 11.6%. In the remaining 6 (27.3%) cas-
es, KT did not add relevant information. Moreover, we found 
that NVO diagnosis and concomitant presence of endocarditis 
or endovascular infection were statistically significantly associ-
ated with a definite, probable, or possible certainty of KT result. 
Although KT results did not influence antibiotic therapy in 
most cases, it led to the initiation, escalation, or deescalation 
of antibiotic treatment in 6 patients (8.2%).Ta
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To our knowledge, only 2 prospective studies to date em-
ployed KT in the context of prosthetic joint infection (PJI) 
[21] or musculoskeletal infections [22]. In the former, KT 
from plasma successfully identified the pathogen in 66% of 
PJI patients, enhancing perioperative pathogen detection by 
7%. Although these findings closely align with our own, the in-
terpretation of their significance requires caution because of 
differences in case ascertainment and study design. However, 
our series is distinct, marked by a diverse range of OAIs, partic-
ularly NVO, without any case of PJI. Similarly, in the latter, 
where children were the target population, only 1 case involved 
vertebral infection.

In the 5 patients for whom KT established an unsuspected 
diagnosis, atypical pathogens were identified. Specifically, 
Escherichia coli was identified in a patient with native knee septic 
arthritis, Gardnerella vaginalis, Acinetobacter haemolyticus, and 
Streptococcus agalactiae in patients with NVO, and Lawsonella 
clevelandensis in a patient with sternal osteomyelitis with exten-
sion to aortic root and concomitant prosthetic aortic valve endo-
carditis. The diagnosis of the first and fourth patients was aided 
by their history of previous infections; specifically, the first pa-
tient had a prior isolation of E. coli in urine, and the fourth 
patient had a recent episode of S. agalactiae bloodstream infec-
tion. 16S rDNA PCR and sequencing on a tissue biopsy corrob-
orated the KT findings for the final patient. In 3 cases, antibiotic 
therapy was adjusted based on the test results. Meanwhile, for 2 

patients, the existing antibiotic regimen already provided ade-
quate coverage for the identified pathogen. The value of KT in 
detecting unusual or unexpected pathogens when conventional 
microbiological techniques have failed was similarly underlined 
in a previous study on febrile neutropenia [13].

Additionally, KT confirmed an established diagnosis in 12 
patients, thereby reinforcing the microbiological diagnosis and 
affirming the need for directed antibiotic therapy. This was par-
ticularly pertinent for cases involving atypical pathogens, such 
as Aerococcus urinae, Candida albicans, S. agalactiae and dysga-
lactiae, Pseudomonas aeruginosa, and Dolosigranulum pigrum 
NVO cases, and Coxiella burnetii tenosynovitis. In 2 cases, KT 
confirmed the diagnosis of Corynebacterium striatum native 
knee septic arthritis and Staphylococcus epidermidis NVO. 
These pathogens, known for their difficulty to be classified as ei-
ther pathogens or contaminants in OAIs, were identified 
through concordant results from cultures and the KT.

Native vertebral osteomyelitis, representing 53.5% of the in-
fected cases in this cohort, was the primary infectious condi-
tion. A breakdown of all cases diagnosed with NVO can be 
found in Supplementary Table 4. This trend may be attributed 
to clinicians’ preference for using the KT, given that spine biop-
sies identify pathogens involved in NVO in approximately only 
50% of cases, and a second biopsy only marginally increases 
sensitivity [23–25]. This traditional diagnostic approach poses 
its challenges because of the invasiveness and variable 

Figure 1. Distribution of Karius test (KT) results and their respective outcome according to the final diagnosis of suspected osteoarticular infection (OAI) cases.
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diagnostic accuracy, particularly with prior or ongoing antimi-
crobial therapy. In this context, the KT offers significant poten-
tial as a noninvasive diagnostic alternative, minimizing the 
risks associated with conventional biopsy procedures and pro-
viding a crucial diagnostic aid in cases where ongoing antibiotic 
therapy might interfere with the yield of traditional testing 
methods. However, larger studies must be conducted to assess 
this specific use before recommending any practice change.

Shishido et al [26]. noted a beneficial effect of mcfDNA test-
ing in patients who had received antimicrobial agents for less 
than 7 days before it. However, our study did not yield similar 
findings. This discrepancy can be interpreted positively because 
it suggests that in our patient group, antimicrobial treatment 
did not influence the impact of KT. Additionally, our cohort 
differed significantly from theirs: although only 4 of 80 patients 
in their study had OAIs, ours predominantly comprised pa-
tients with subacute or chronic conditions. These differing pa-
tient profiles likely entail different bacterial burdens that may 
be affected differently by antimicrobial administration, making 
direct comparisons challenging.

Similarly, our cohort has a high percentage of patients with 
concomitant infective endocarditis or endovascular infection. 
KT has already shown promising results in these settings [15, 
16, 27, 28]. The strong association found between concordance 
of KT results with standard microbiological testing and NVO 
diagnosis or the presence of infective endocarditis (IE) and/or en-
dovascular infection has plausible biological explanation (eg, high-
er bacterial burden in peripheral blood) and strengthen the 
hypothesis that KT might be especially useful in infectious syn-
dromes where hematogenous seeding is the main pathogenic 
mechanism. This association was also corroborated in a secondary 
analysis including KT-positive or KT-negative results.

We notice the tendency from non-ID physicians to use KT as 
a tool to rule out infective causes of inflammatory arthritis of 

unknown origin without extensive conventional microbiologic 
workup. Using KT alone to expedite the process of ruling out 
infectious causes is not a recommended approach. However, 
further studies are needed to explore this setting because using 
negative KT as a tool to deescalate unnecessary antibiotics may 
support both antimicrobial stewardship and the maintenance 
of patient microbiome stability while reducing toxicity.

Although the KT has its benefits, the prevalence of false pos-
itives necessitates vigilant diagnostic stewardship. This under-
scores the critical role of ID physicians in distinguishing 
between actual pathogens and bacterial background noise re-
sulting from contamination, commensalism, mucosal barrier 
injury, or occult bacteremia related to minor procedures. The 
potential of quantifying bacterial burden with DNA molecules 
per microliter (MPM) as a tool for discriminating between con-
tamination and infection, such as cases involving 
Cutibacterium acnes, coagulase-negative staphylococci and 
corynebacteria, remains unexplored in this study and warrants 
further investigation in future research.

In one case, the KT inadvertently led to unnecessary broaden-
ing of antibiotic treatment. This occurred in a patient undergoing 
treatment for suspected NVO, where the test detected a variety of 
pathogens, including Bacteroides spp., E. coli, and Clostridium in-
nocuum, prompting broadening of the antibiotic regimen. Final 
diagnosis was deemed noninfectious (degenerative spinal disease 
vs ankylosing spondylitis). This case underscores the need for 
careful interpretation of KT results to avoid overtreatment.

A positive impact of KT in establishing unexpected diagnosis 
in 5/43 (11.6%) patients, as we showed, should be seen as an im-
provement in an era where the microbiological diagnostic tools 
are vast and potentially allow for pathogen identification in 
nearly all infective cases now [28]. These results are in line 
with previous published research in other settings, such as 
pneumonia, where Bergin et al [14]. found an additive 

Table 3. Factors Associated With Diagnostic Certainty categories

… Total Number of Patients
KT Definitive\Possible 

\Probable
KT Negative 

\unlikely P Value

Sex (female) (n, %) 29/73 (39.7%) 7/19 (36.8%) 22/54 (40.7%) .76

Age (mean ± SD) 58.9 (±15.6) 60.16 ± 13.53 58.41 ± 16.35 .68

CCI 4.29 (±3.17) 4.47 ± 3.06 4.22 ± 3.24 .77

Syndrome (NVO) 22/73 (30.1%) 13/19 (68.4%) 9/54 (16.7%) <.001

Erythrocyte sedimentation rate (± 72 h from KT, mm/h, Mean rank,  
Z = −1.32)

41.0 (10.0–66.0) 26.89 20.71 .19

C-reactive protein (± 72 h from KT, mg/L, mean rank, Z = −0.71) 51.9 (12.5–142.9) 26.31 23.12 .47

WBC 8.26 (±3.92) 7.14 ± 2.62 8.71 ± 4.27 .15

Immune status (immunosuppression) 27/73 (36.9%) 6/19 (31.6%) 21/54 (38.9%) .57

Antimicrobial agents administered for … … …

≥ 7 d before KT 17/73 (23.2%) 5/17 (29.4%) 12/17 (70.6%) .836

< 7 d before KT 25/73 (34.2%) 7/25 (28.0%) 18/25 (72.0%)

None 31/73 (42.5%) 7/31 (22.6%) 24/31 (77.4%)

Endovascular infection/presence of endocarditis 11/73 (15.1%) 7/19 (36.8%) 4/54 (7.4%) .005

Abbreviations: CCI, Charlson comorbidity index; KT, Karius test; NVO, native vertebral osteomyelitis; SD, standard deviation; WBC, white blood cell.
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diagnostic value of 12% [14]. The help of KT in this setting is 
also underscored by the fact that metagenomic techniques are 
theoretically independent from antibiotic administration [15]. 
Our study was not powered enough to study the impact of tim-
ing of KT relative to blood cultures on concordance and yield, 
as hypothesized by some authors [15, 22, 28]—specifically be-
cause the vast majority of our patient cohort was sampled 
only once because of logistic constraints and clinical decision, 
or the correlation between microbial burden and metastatic in-
fections [27, 29, 30]. Moreover, how the discordance in positiv-
ity and lower diagnostic yield increases over time as time on 
antibiotics elapses or how KT can be used to track infection 
clearance over the course of treatment, still must be determined 
in this setting. Additionally, our study is subjected to selection 
bias because of its retrospective design, as previously men-
tioned, because of the strict selection of most complex cases 
in which KT was ordered. Finally, another limitation of this 
study is the absence of a formal analysis on KT’s cost- 
effectiveness. This was not the main purpose of the study, but 
we believe that these data can suggest that in the setting of 
OAIs, strictly selecting cases with a high pretest probability of 
true positive result (eg, patients with NVO and/or OAIs with 
concomitant endovascular infections, early in the course of dis-
ease with inconclusive blood culture results and/or biopsy) 
would still be considered cost effective for complex cases with 
OAIs. This might not be the case considering the pretest prob-
ability of true negative results, but more data are needed. As al-
ready pointed out [31] the cost of metagenomic Next 
Generation Sequencing (mNGS) has decreased dramatically 
over time from approximately $14 million in 2006, to below 
$1000 a decade later [32] and KT costs approximately $2000 
per test [33]. Analysis of cost-effectiveness of this technique 
in settings other than OAIs has already been performed, show-
ing significant cost savings for KT even with a 0% reduction in 
hospitalization [33].

Our study has some strengths. First, case ascertainment bias 
was at least partially corrected by providing a priori definitions 
of the syndromes described, aiming at standardization and homo-
geneity of the results. Moreover, follow-up at our center was long, 
with a mean of nearly 7 months, allowing for a correct ascertain-
ment of the outcome and of the distinction between infective and 
noninfective causes of the diseases. Second, the clinical-oriented 
design of this study allows us to see the real-world application 
of this test, a novel technique about which just a handful of papers 
have been published to date. Third, our cases originate from a qua-
ternary center experience, in which patients frequently seek sec-
ond or subsequent opinions, giving a wide variety of the 
epidemiological context. Finally, KT was performed with a medi-
an of 1 day after the index diagnostic procedure (interquartile 
range –2; 4). We believe that this nearly simultaneous sampling 
constitutes a strength of our study because it shows consistency 
and let us make stronger conclusions on the accuracy of the results Ta
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of both tools, KT and other conventional microbiological tech-
nique, applied concomitantly.

In conclusion, in challenging cases involving highly complex 
OAIs, where traditional microbiology methods failed to identi-
fy the responsible pathogen, KT contributed to a 11.6% increase 
in diagnostic power by revealing unexpected diagnoses. 
Patients with NVO or concomitant endocarditis or endovascu-
lar infections notably gained from KT testing as a crucial com-
ponent of their diagnostic evaluation. Further research in larger 
studies is essential to fully understand the potential impact of 
KT role in clinical practice.

Supplementary Data
Supplementary materials are available at Open Forum 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 correspond-
ing author.

Notes
Author contributions. The authors confirm contribution to the paper as 

follows. Conceptualization, methodology: F.P., O.K.M., N.R., S.E.Z., 
O.A.S., E.F.B., M.F.; Formal analysis: F.P., O.K.M.; Investigation: F.P., 
O.K.M., N.R., S.E.Z.; Writing—original draft: F.P., O.K.M.; Writing—re-
view and editing: F.P., O.K.M., N.R., S.E.Z., O.A.S., E.F.B., M.F.; 
Supervision: N.R., S.E.Z., O.A.S., E.F.B., M.F.

Data availability statement. The data that support the findings of this 
study are available upon reasonable request.

Patient consent statement. The design of the work has been approved by 
local ethical committees and includes the name of the authorizing body.

Financial support. No funding was received for conducting this study.
Potential conflicts of interest. All authors declare no competing 

interests.

References
1. Masters EA, Ricciardi BF, Bentley KLM, Moriarty TF, Schwarz EM, 

Muthukrishnan G. Skeletal infections: microbial pathogenesis, immunity and 
clinical management. Nat Rev Microbiol 2022; 20:385–400.

2. Romano CL, Romano D, Logoluso N, Drago L. Bone and joint infections in 
adults: a comprehensive classification proposal. Eur Orthop Traumatol 2011; 1: 
207–17.

3. Kremers HM, Nwojo ME, Ransom JE, Wood-Wentz CM, Melton LJ  III, 
Huddleston PM  III. Trends in the epidemiology of osteomyelitis: a population- 
based study, 1969 to 2009. J Bone Joint Surg Am 2015; 97:837–45.

4. Murillo O, Grau I, Lora-Tamayo J, et al. The changing epidemiology of bacterae-
mic osteoarticular infections in the early 21st century. Clin Microbiol Infect 2015; 
21:254 e251–258.

5. Lormeau C, Cormier G, Sigaux J, Arvieux C, Semerano L. Management of septic 
bursitis. Joint Bone Spine 2019; 86:583–8.

6. Tande AJ, Patel R. Prosthetic joint infection. Clin Microbiol Rev 2014; 27:302–45.
7. Weston VC, Jones AC, Bradbury N, Fawthrop F, Doherty M. Clinical features and 

outcome of septic arthritis in a single UK health district 1982–1991. Ann Rheum 
Dis 1999; 58:214–9.

8. Zimmerli W. Clinical practice. Vertebral osteomyelitis. N Engl J Med 2010; 362: 
1022–9.

9. Kim J, Kim YS, Peck KR, et al. Outcome of culture-negative pyogenic vertebral 
osteomyelitis: comparison with microbiologically confirmed pyogenic vertebral 
osteomyelitis. Semin Arthritis Rheum 2014; 44:246–52.

10. Lora-Tamayo J, Euba G, Narváez JA, et al. Changing trends in the epidemiology of 
pyogenic vertebral osteomyelitis: the impact of cases with no microbiologic diag-
nosis. Semin Arthritis Rheum 2011; 41:247–55.

11. Fenollar F, Lévy PY, Raoult D. Usefulness of broad-range PCR for the diagnosis of 
osteoarticular infections. Curr Opin Rheumatol 2008; 20:463–70.

12. Blauwkamp TA, Thair S, Rosen MJ, et al. Analytical and clinical validation of a 
microbial cell-free DNA sequencing test for infectious disease. Nat Microbiol 
2019; 4:663–74.

13. Benamu E, Gajurel K, Anderson JN, et al. Plasma microbial cell-free DNA next- 
generation sequencing in the diagnosis and management of febrile neutropenia. 
Clin Infect Dis 2022; 74:1659–68.PMID: 33870413; PMCID: PMC9070798.

14. Bergin SP, Chemaly RF, Dadwal SS, et al. Plasma microbial cell-free DNA se-
quencing in immunocompromised patients with pneumonia: a prospective obser-
vational study. Clin Infect Dis 2023; 78:775–84.

15. Eichenberger EM, Degner N, Scott ER, et al. Microbial cell-free DNA identifies 
the causative pathogen in infective endocarditis and remains detectable Longer 
than conventional blood culture in patients with prior antibiotic therapy. Clin 
Infect Dis 2023; 76:e1492–500.

16. Flurin L, Wolf MJ, Fisher CR, et al. Pathogen detection in infective endocarditis 
using targeted metagenomics on whole blood and plasma: a prospective pilot 
study. J Clin Microbiol 2022; 60:e0062122.

17. Hill JA, Dalai SC, Hong DK, et al. Liquid biopsy for invasive mold infections in 
hematopoietic cell transplant recipients with pneumonia through next- 
generation sequencing of microbial cell-free DNA in plasma. Clin Infect Dis 
2021; 73:e3876–83.

18. Peri AM, Harris PNA, Paterson DL. Culture-independent detection systems for 
bloodstream infection. Clin Microbiol Infect 2022; 28:195–201.

19. Vissichelli NC, Morales MK, Kolipakkam B, Bryson A, Sabo RT, Toor AA. 
Cell-free next-generation sequencing impacts diagnosis and antimicrobial thera-
py in immunocompromised hosts: a retrospective study. Transpl Infect Dis 2023; 
25:e13954.

20. Harris PA, Taylor R, Minor BL, et al. The REDCap consortium: building an inter-
national community of software platform partners. J Biomed Inform 2019; 95: 
103208.Epub 2019 May 9. PMID: 31078660; PMCID: PMC7254481.

21. Echeverria AP, Cohn IS, Danko DC, et al. Sequencing of circulating microbial 
cell-free DNA can identify pathogens in periprosthetic joint infections. J Bone 
Joint Surg Am 2021; 103:1705–12.

22. Wood JB, Russell K, Davis TE, Park SY, Smollin MJ, Schneider JG. Plasma micro-
bial cell-free DNA sequencing for pathogen detection and quantification in chil-
dren with musculoskeletal infections. J Pediatric Infect Dis Soc 2024; 13: 
211–9.PMID: 38330338.

23. McNamara AL, Dickerson EC, Gomez-Hassan DM, Cinti SK, Srinivasan A. Yield 
of image-guided needle biopsy for infectious discitis: a systematic review and 
meta-analysis. AJNR Am J Neuroradiol 2017; 38:2021–7.Epub 2017 Sep 
7. PMID: 28882866; PMCID: PMC7963615.

24. Pupaibool J, Vasoo S, Erwin PJ, Murad MH, Berbari EF. The utility of image- 
guided percutaneous needle aspiration biopsy for the diagnosis of spontaneous 
vertebral osteomyelitis: a systematic review and meta-analysis. Spine J 2015; 15: 
122–31.

25. Gras G, Buzele R, Parienti JJ, et al. Microbiological diagnosis of vertebral osteo-
myelitis: relevance of second percutaneous biopsy following initial negative biop-
sy and limited yield of post-biopsy blood cultures. Eur J Clin Microbiol Infect Dis 
2014; 33:371–5.

26. Shishido AA, Noe M, Saharia K, Luethy P. Clinical impact of a metagenomic mi-
crobial plasma cell-free DNA next-generation sequencing assay on treatment de-
cisions: a single-center retrospective study. BMC Infect Dis 2022; 22:372.PMID: 
35418022.

27. Eichenberger EM, de Vries CR, Ruffin F, et al. Microbial cell-free DNA identifies 
etiology of bloodstream infections, persists longer than conventional blood cul-
tures, and its duration of detection is associated with metastatic infection in pa-
tients with Staphylococcus aureus and gram-negative bacteremia. Clin Infect 
Dis 2022; 74:2020–7. PMID: 34460909; PMCID: PMC9187311.

28. Flurin L, Fisher CR, Wolf MJ, Pritt BS, DeSimone DC, Patel R. Comparison of 
blood-based shotgun and targeted metagenomic sequencing for microbiological 
diagnosis of infective endocarditis. Open Forum Infect Dis 2023; 10:ofad546.

29. Gutierrez J, Guimaraes AO, Lewin-Koh N, et al. Sustained circulating bacterial 
deoxyribonucleic acid is associated with complicated Staphylococcus aureus bac-
teremia. Open Forum Infect Dis 2019; 6:ofz090.PMID: 31024970; PMCID: 
PMC6475589.

30. Heldman MR, Ahmed AA, Liu W, et al. Serial quantitation of plasma microbial 
cell-free DNA before and after diagnosis of pulmonary invasive mold infections 
in hematopoietic cell transplant recipients. J Infect Dis 2023; 229:576–87.Epub 
ahead of print. PMID: 37405403.

31. Morales M. The next big thing? Next-generation sequencing of microbial cell-free 
DNA using the Karius test. Clin Microbiol Newsl 2021; 43:69–79.

32. The Cost of Sequencing a Human Genome. GenomeGov. Available at: https:// 
www.genome.gov/about-genomics/fact-sheets/SequencingHuman-Genome-cost. 
Accessed 17 May 2024.

33. MacIntyre AT, Hirst A, Duttagupta R, Hollemon D, Hong DK, Blauwkamp TA. 
Budget impact of microbial cell-free DNA testing using the Karius® test as an al-
ternative to invasive procedures in immunocompromised patients with suspected 
invasive fungal infections. Appl Health Econ Health Policy 2020; 2:231–41.

8 • OFID • Petri et al

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofae328#supplementary-data
https://www.genome.gov/about-genomics/fact-sheets/SequencingHuman-Genome-cost
https://www.genome.gov/about-genomics/fact-sheets/SequencingHuman-Genome-cost

	Plasma Microbial Cell-free DNA Next-generation Sequencing Can Be a Useful Diagnostic Tool in Patients With Osteoarticular Infections
	METHODS
	Study Population
	mcfDNA-Next-generation Sequencing Test
	Clinical Application of KT Results
	Statistical Analysis

	RESULTS
	Baseline Characteristics of the Study Population
	Karius Impact on Diagnosis and Diagnostic Certainty
	Factors Associated With Diagnostic Certainty of KT
	KT Impact on Management and Antibiotic Therapy

	DISCUSSION
	Supplementary Data
	Notes
	References


