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Abstract
Background: Metagenomic next-generation sequencing (mNGS) is a novel diagnostic tool 
increasingly used in the field of infectious diseases. Little guidance is available regarding its 
appropriate use in different patient populations and clinical syndromes. We aimed to review 
the clinical utility of mNGS in patients with a specific clinical syndrome and identify factors 
that may increase its utility.
Methods: We retrospectively reviewed charts of 72 non-immunocompromised adults 
hospitalized with the clinical syndrome of ‘fever of undetermined origin’ and underwent mNGS 
testing. Standardized criteria from a previously published study were used to determine the 
clinical impact of mNGS testing. We applied logistic regression to identify factors associated 
with a positive clinical impact.
Results: Of the 72 patients identified, 62.5% were males with a median age of 56. All patients 
had a fever at the time of evaluation. At least one organism was identified in 65.3% of cases; 
most commonly were Epstein–Barr virus (13.9%), cytomegalovirus (12.5%), and Rickettsia 
typhi (11.1%). Of those determined to have an infectious etiology of their febrile syndrome, 
89.5% (n = 34/38) had a positive mNGS. Consistency between the organism(s) on mNGS and 
the clinically determined infectious etiology was 82.4%. mNGS had a positive clinical impact in 
40.3% of cases, a negative impact in 2.8%, and no impact in 56.9% of cases. Besides age, we 
did not identify other factors associated with a higher likelihood of positive clinical impact.
Conclusion: In our review, mNGS had a positive clinical impact in a large proportion of adults 
with fever of undetermined origin, with minimal negative impact. However, mNGS results 
should be interpreted carefully given the high rate of detection of pathogens of unclear clinical 
significance. Randomized clinical trials are needed to assess the clinical utility of this novel 
diagnostic tool. Correspondence to: 
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Plain language summary

Clinical utility of metagenomic next-generation sequencing in fever of  
undetermined origin

In this study, we evaluated the use of a new diagnostic tool, namely, metagenomic 
next generation sequencing (mNGS), in hospitalized, non-immunocompromised, adult 
patients with a fever that was otherwise unexplained. We reviewed the clinical utility of 
this tool in 72 patients and found that at least one organism was found in 65.3% of cases, 
with the 2 most common organisms being viruses. In patients who were found to have an 
infection as the cause of their fever, 89.5% had a positive mNGS study. In 82.4% of cases, 
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Introduction
Metagenomic next-generation sequencing (mNGS) 
is a relatively novel diagnostic tool that analyzes 
cell-free genetic material from a given sample with-
out the need for pre-determined sequences.1 
Several reference libraries exist for these mNGS 
tests, the oldest of which is the Karius Test™ 
(Karius, Redwood City, CA, USA), which has a 
database of around 1250 organisms. mNGS first 
became commercially available around 20052 and 
has been increasingly employed in the field of 
infectious diseases (ID) since then, albeit with 
some reservations.3 Its appeal comes from its abil-
ity to circumvent issues that are commonly faced 
when using traditional microbiologic testing. For 
instance, traditional methods fail to detect organ-
isms in up to 60% of cases.4 Organism identifica-
tion through cultures can be time-consuming, 
taking days or even weeks for mycobacterial infec-
tions, and may necessitate invasive procedures like 
tissue biopsies in cases of local or deep-seated 
infections. Despite the promising potential of this 
tool, limitations include incomplete reference data-
bases, particularly for rare pathogens; incomplete 
ability to differentiate between genetically similar 
pathogens4; a high rate of detectability that may 
limit the interpretative utility of this tool1; and lim-
ited ability to capture antimicrobial susceptibility 
data from these molecular tests.5 Given its novelty 
and minimal prospective data, there is little guid-
ance on the efficient and appropriate use of this 
tool in the clinical setting.

Several small-scale studies evaluating the utility 
of mNGS are emerging, including those con-
ducted in specific patient populations (e.g. per-
sons living with HIV),6 and specific clinical 

syndromes (e.g. community-acquired pneumo-
nia, central nervous system infections, and sep-
sis7–9), with varying results.

Fever is a commonly encountered symptom in 
emergency rooms and often leads to hospitaliza-
tion, requiring a wide range of laboratory tests 
and consultations with specialists. Studies show 
that up to 51% of cases classified as fever of 
unknown origin (FUO) remain undiagnosed, and 
among the diagnosed cases, up to 38% are attrib-
utable to infectious causes.10 To date, limited 
data are available regarding the use of mNGS for 
evaluating FUO, mostly consisting of case reports 
and case series.11 While ‘fever of undetermined 
origin’ lacks a precise definition in the literature, 
it shares the same ICD10 code as ‘FUO’. It is 
typically employed in the inpatient setting for 
cases where the cause of fever is unclear, which 
aligns with the design of our study.

The objective of our study is to assess the clinical 
utility of mNGS in patients hospitalized with a 
‘fever of undetermined origin’. We used previ-
ously published standardized criteria developed 
by Hogan et al.12 to evaluate clinical impact.

Methods
This retrospective study was conducted at an aca-
demic, 881-bed institution in the Medical Center 
in Houston, TX. We identified patients with ‘fever 
of undetermined origin’ and mNGS testing at any 
time between 2017 up to and including the year 
2021. Fever of undetermined origin was defined 
as at least two documented fevers (>38.3°C), 4 h 
apart without apparent source based on a careful 

the infectious organism(s) found on mNGS was the organism thought to be the cause of 
the fever. Based on definitions from another study, mNGS had a positive clinical impact 
in 40.3% of cases, a negative impact in 2.8%, and no impact in 56.9% of cases. This study 
suggests that mNGS has minimal negative impact and can be a useful tool in identifying a 
causative infectious organism in patients with unexplained fevers. Additional studies are 
needed to identify patients and clinical conditions that would most benefit from this tool.

Keywords: antimicrobial stewardship, diagnostic stewardship, fever of undetermined origin, 
next-generation sequencing
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history, physical examination, and initial diagnos-
tic fever work-up, including laboratory and imag-
ing. To ensure homogeneity within our study 
population, we excluded patients who had under-
lying immunocompromising conditions such as 
malignancy, HIV infection, neutropenia, or those 
who were undergoing transplantation or receiving 
immunosuppressive therapy. After Institutional 
Review Board (IRB) approval, we identified all 
hospitalized adults with a mNGS test performed 
at our institution between June 2017 and July 
2021. The assay we used was the Karius Test™, a 
College of American Pathologists-accredited NGS 
laboratory. At our institution, test ordering is lim-
ited to ID specialists.

Based on a review of the literature, we evaluated 
some predetermined factors that may influence 
the clinical impact of mNGS. Those factors 
included antibiotic use prior to mNGS testing, 
age, medical comorbidities, pathogen type on 
mNGS, and the number of positive pathogens 
reported. We collected patients’ basic demo-
graphics and admission data, including microbio-
logic tests, lab work-up, imaging, treatment, 
clinical outcome, and follow-up. Two independ-
ent reviews (AMH and RI) of each case deter-
mined the clinical impact of mNGS using the 
previously published criteria by Hogan et  al.,12 
shown in Figure 1.

Our primary outcome was to determine the clini-
cal impact of mNGS in our selected patient pop-
ulation. In addition, we aimed to examine the 
level of agreement between mNGS results and 

the clinically determined cause of fever; concord-
ance between mNGS and traditional microbio-
logic findings; and to identify factors associated 
with a positive clinical impact. Statistical analysis 
was performed using Stata version 16 (StataCorp 
LLC, College Station, TX, USA). Patient char-
acteristics were summarized by median with min-
imum and maximum value or frequency with 
percentage. The median was used instead of the 
mean due to a non-normally distributed patient 
population. Fisher’s exact test was used to deter-
mine whether the mNGS result was associated 
with the final etiology. Kappa statistics were also 
used to measure agreement with mNGS results. 
Logistic regression was used to determine whether 
any factors were associated with mNGS having a 
positive clinical impact (as opposed to a negative 
or no clinical impact). Regression models were 
also used to estimate the odds ratio (OR) with a 
95% confidence interval (CI) for having a positive 
clinical impact. p Values < 0.05 were considered 
statistically significant.

The reporting of this study conforms to the 
Strengthening the Reporting of Observational 
Studies in Epidemiology guidelines (Supplemental 
Material).

Results
We identified 72 patients that met the inclusion 
criteria. In total, 62.5% were males, with a median 
age of 56 (range, 19–84), as seen in Table 1. The 
most common comorbidities were hypertension 
(43.1%) and diabetes mellitus (23.6%). The 

Posi�ve

•New diagnosis based on mNGS, 
not by conven�onal methods

•Earlier diagnosis based on mNGS
•mNGS allowed avoidance of 

invasive interven�ons
•mNGS enabled ini�a�on of 

appropriate therapy
•mNGS enabled appropriate 

escala�on of therapy
•mNGS enabled appropriate de-

escala�on of therapy
•mNGS confirmed clinical diagnosis

Neutral

•mNGS showed new organism but 
not acted upon

•mNGS confirmed conven�onal 
method’s diagnosis and not acted 
upon

•mNGS nega�ve and not acted 
upon

•Pa�ent died prior to mNGS results

Nega�ve

•mNGS led to unnecessary 
treatment

•mNGS led to unnecessary 
diagnos�c evalua�on

•mNGS led to longer length of stay

Figure 1. Standardized criteria for clinical impact of mNGS based on Hogan et al.12’s study.
mNGS, metagenomic next-generation sequencing.
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median length of hospital stay was 12 days (range, 
0–201), and the median time from fever onset to 
ID consult was 1 day (range, 0–18). All patients 
had a fever at the time of evaluation. Other 
reported symptoms were cough (26.4%), abdom-
inal pain (16.7%), and shortness of breath 
(15.3%). In all, 22 (30.6%) patients received 
antibiotics the week before mNGS testing. The 
median turnaround time of the test from the time 
of collection to the time of reporting was 26 h 
(range, 22–173). At least one organism was 
reported in 47 (65.3%) cases. The most com-
monly identified organisms were Epstein–Barr 

virus (EBV) (N = 10; 13.9%), cytomegalovirus 
(CMV) (9; 12.5%), and Rickettsia typhi (8; 
11.1%) (Table 2). The median MPM (molecules 
per microliter) was 135 for EBV (range, 29–418) 
and 142 for CMV (range, 35–105,221). The most 
commonly identified bacteria were R. typhi (N = 8; 
11.1%), Enterococcus faecalis (N = 6; 8.3%), and 
Klebsiella oxytoca (N = 4; 5.6%).

Of those determined to have a clinical infectious 
etiology of their fever (N = 38), 89.5% had a posi-
tive mNGS compared to 43.8% of those with 
non-infectious etiology (N = 16) (p = 0.002). A 
manual review of cases was done to evaluate the 
consistency between the organism(s) identified 
on mNGS and the clinically determined infec-
tious etiology of fever. Based on this review, the 
consistency was 82.4% (28/34). In total, 14.7% 
(5/34) of patients had organism(s) on mNGS that 
were inconsistent with the final infectious diagno-
sis, and 1 patient did not have a clear etiology for 
his fever. mNGS had a positive clinical impact in 
40.3% of cases (N = 29), a negative impact in 
2.8% of cases (N = 2), and no impact in 56.9% of 
patients (N = 41) (Table 3).

Among those with a positive clinical impact 
(N = 29), 12 (41.4%) were due to new diagnoses 
based on mNGS not confirmed by traditional 
microbiologic methods (Table 3). Among cases 
with a negative clinical impact, one was due to 
unnecessary diagnostic investigations due to 
mNGS results, and one was due to a longer hos-
pital stay. Among those with no clinical impact 
(N = 41), the major reason was negative mNGS 
and not acted upon (N = 18; 43.9%), followed by 
mNGS identifying a new organism that was not 
acted upon (N = 15; 36.5%), and mNGS con-
firming the traditional microbiologic data and not 
acted upon (N = 8; 19.5%).

Based on logistic regression analysis, older age 
was the only factor associated with a higher odd 
of positive impact (10-year increase in age: OR: 
1.37; 95% CI: 1.001–1.86; p = 0.049). Chief 
complaints (abdominal pain, cough, diaphore-
sis, diarrhea, headache, myalgias, sepsis, short-
ness of breath, other), the positivity of cultures, 
number of pathogens retrieved, and type of prior 
antibiotic use were not associated with a higher 
rate of positive clinical impact (Supplemental 
Table 2).

Table 1. Patient demographics and admission data (N = 72).

Variables Number (%)

Median age (range) 56 (19–84)

Gender

 Male 45 (62.5)

 Female 27 (37.5)

Comorbidities

 Hypertension 31 (43.1)

 Diabetes (type 1 or 2) 17 (23.6)

 Coronary artery disease 11 (15.3)

 Chronic kidney disease 10 (13.9)

 Chronic obstructive pulmonary disease 3 (4.2)

 Chronic liver disease 8 (11.1)

 Congestive heart failure 5 (6.9)

Main complaint

 Fever 72 (100)

 Cough 19 (26.4)

 Abdominal pain 12 (16.7)

 Shortness of breath 11 (15.3)

 Myalgias 10 (13.9)

 Diarrhea 10 (13.9)

 Headache 9 (12.5)

 Sepsis 2 (2.8)
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Discussion
We provide a case series describing the clinical 
utility of mNGS in hospitalized non-immuno-
compromised adult patients with fever of unde-
termined origin, using the standardized criteria 
for clinical impact outlined by Hogan et al.12 In 
our study, at least one organism was identified in 
65% of cases. Prior studies reporting specific clin-
ical syndromes described similar rates ranging 
from 53% to 70%.9,12,13

Studies on the clinical impact of mNGS vary sig-
nificantly, ranging from 7% to 56%.14 In our 
study, mNGS had a positive clinical impact in 
40.3% of cases, a negative impact in 2.8%, and 
no impact in 56.9% of cases. Compared to our 
study, the positive clinical impact rate in Hogan 
et al.12’s study was only 7.3%, while most cases 
(86.6%) were determined to have no clinical 
impact. Another study using Hogan et al.’s stand-
ardized criteria assessed 80 patients without pre-
defined clinical syndromes and found the rate of 
positive clinical impact to be 43%, with the 
majority of cases (55%) having no clinical 
impact.15 Among those with a FUO, 50% had a 
positive clinical impact and 50% had no/uncer-
tain clinical implications. Another common find-
ing in several studies is that the positive clinical 
impact is primarily driven by the ability to de-
escalate antimicrobial therapy when mNGS is 
negative.12,16,17 This reflects the importance of 
having a careful evaluation of the results by ID 
specialists to maximize the benefit from a stew-
ardship standpoint and avoid unnecessary antimi-
crobial treatment.

Although rates of positive and neutral clinical 
impacts may vary between studies, there is a sig-
nificantly smaller degree of negative clinical 
impacts in the aforementioned studies and our 
own. In our cases, the negative impact was due to 
additional diagnostic investigations being pur-
sued and longer hospital lengths of stay. Both 
issues can contribute to increased healthcare costs 
as well as potential emotional distress to the 
patient and family. However, our study is consist-
ent with others that highlight the significantly 
lower rates of negative clinical impacts of mNGS 
testing. Based on comparisons of our study, which 
focused on a particular clinical syndrome, and 
others that had more heterogeneous populations, 
it is likely that clinical impact varies based on 
patient population and specific clinical syndrome 

studied. We also believe that the rates of positive 
impact in our study were influenced by the fact 
that mNGS ordering is limited to ID specialists.

In our study, we show that mNGS has possible 
implications when used in cases with high suspi-
cion of infection as the etiology of fever. The rate 
of a positive mNGS test was significantly higher 
when the etiology was infectious than when it was 
non-infectious. A similar pattern was noticed in 
Rossoff et al.,13 where mNGS was positive in 56% 
of cases that were infectious in etiology and only 
14% of patients that were non-infectious in etiol-
ogy. When comparing mNGS results and tradi-
tional microbiologic results, the literature reports 
a wide range of consistency, ranging from 26% to 
100%.14 This wide range is likely due to the het-
erogeneity of the studied patient populations, 
study designs, and clinical syndromes included in 
the different studies. In Rossoff et  al.13’s study, 
the sensitivity and specificity of mNGS for an 
infection were compared to conventional micro-
biological testing. Although sensitivity was higher 
for mNGS versus conventional testing (92% ver-
sus 72%, respectively; p < 0.01), specificity was 
lower (64% versus 89%, respectively; p < 0.01). 

Table 2. Organisms identified on mNGS.

Organism identified Number (%)

Epstein–Barr virus 10 (13.9)

Cytomegalovirus 9 (12.5)

Rickettsia typhi 8 (11.1)

Enterococcus faecalis 6 (8.3)

Klebsiella pneumoniae 4 (5.6)

Staphylococcus epidermidis 3 (4.2)

Histoplasma capsulatum 3 (4.2)

Candida albicans 2 (2.8)

Mycobacterium tuberculosis 2 (2.8)

Escherichia coli 2 (2.8)

Herpes simplex virus-1 2 (2.8)

Others 23 (31.9)

mNGS, metagenomic next-generation sequencing.
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The issue of specificity was addressed by one 
study on pediatric patients, where conventional 
testing was compared to mNGS.18 They found 
that when a new organism was identified on 
mNGS that was not identified by conventional 
testing, antibiotic changes were made in 26% of 
cases, raising concerns for this tool’s potential 
misuse and the importance of clinical interpreta-
tion of the results. Literature shows that up to 
one-third of mNGS testing will result in two or 
more organisms.12,13,18,19 Thus, in addressing the 
limitations of this tool, it is critical to acknowl-
edge its high detectability rates and its potential.

To date, factors influencing the utility of mNGS 
have not been fully and clearly delineated. In our 
study, we were unable to identify factors associ-
ated with higher rates of positive clinical impact 

other than older age. Chief complaint, type of 
antibiotic used, and comorbidities did not have 
an association with positive clinical effects. In 
Shishido et al.15’s study, several factors were asso-
ciated with the clinical utility of mNGS, including 
a clinical syndrome of sepsis, a specific patient 
population (solid organ transplant recipients), 
and fewer days of antibiotics before testing 
(<7 days). In Rossoff et  al.’s study, mNGS had 
higher rates of positive clinical impact in immu-
nocompromised patients than immunocompe-
tent ones. In that study, mNGS testing had a 
higher yield than conventional methods in cases 
where invasive methods (e.g. biopsy) were 
required.13

Our study was limited by its retrospective nature 
and smaller sample size. We did not perform a 
sample size calculation for power analysis. 
Furthermore, we were not able to investigate the 
‘MPM’ titer and its possible impact on the signifi-
cance of mNGS because there is no agreed-upon 
published data on what would be considered a 
high positive titer in the literature and the cutoff 
for positive reporting is different for each patho-
gen. In addition, the turnaround time of different 
microbiology tests differs according to each labo-
ratory’s capacity and send-out procedures; thus, 
the utility of this tool may be influenced by the 
turnaround time at different institutions. 
Furthermore, the decision on the clinical impact 
of mNGS testing is not always clear and depends 
on the subjective review of patients’ charts and 
physicians’ documentation.

Conclusion
In this study, we showed that mNGS had a posi-
tive clinical impact in a large proportion of hospi-
talized non-immunocompromised adult patients 
with fever of undetermined origin, with minimal 
negative impact. Besides age, we did not identify 
other factors associated with a higher likelihood 
of positive clinical impact. mNGS may be a valu-
able tool in many cases with a potential benefit 
from a stewardship perspective, but we believe 
the test should be carefully utilized with the assis-
tance of an ID specialist to avoid oversensitivity 
and treatment of unnecessary positive ‘back-
ground noise’ organisms. Randomized clinical 
trials are needed to delineate specific clinical syn-
dromes, patient populations, and other factors 
that increase the likelihood of a positive clinical 

Table 3. Clinical impact of mNGS testing.

Number (%)

Positive clinical impact

  New diagnosis with mNGS, not confirmed by other 
methods

12 (16.7)

 Earlier diagnosis based on mNGS 5 (6.9)

 mNGS enabled avoidance of invasive surgical biopsy 0 (0)

 mNGS enabled the initiation of appropriate therapy 0 (0)

 mNGS enabled the de-escalation of therapy 11 (15.3)

 mNGS enabled an appropriate escalation of therapy 0 (0)

 mNGS confirmed clinical diagnosis 1 (1.4)

Negative clinical impact

 mNGS led to unnecessary treatment 0 (0)

 mNGS led to unnecessary diagnostic investigations 1 (1.4)

 mNGS led to longer length of hospital stay 1 (1.4)

No clinical impact

 mNGS showed new organisms but not act upon 15 (20.1)

 mNGS confirmed micro diagnosis and not acted upon 8 (11.1)

 mNGS negative and not acted upon 18 (25)

 Patient died before mNGS was available 0 (0)

mNGS, metagenomic next-generation sequencing.
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impact of mNGS testing and to guide clinicians 
toward the most efficient use of this novel tool.
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