
B R I E F  R E P O R T

Open Forum Infectious Diseases

BRIEF REPORT  •  ofid  •  1

 

Received 8 May 2019; editorial decision 9 July 2019; accepted 11 July 2019.
Correspondence: W.  J. Muller, MD, PhD, Ann & Robert H.  Lurie Children’s Hospital of 

Chicago, 225 E. Chicago Avenue, Box #155, Chicago, IL 60611 (wmuller@luriechildrens.org).

Open Forum Infectious Diseases®

© The Author(s) 2019. Published by Oxford University Press on behalf of Infectious Diseases 
Society of America. This is an Open Access article distributed under the terms of the Creative 
Commons Attribution-NonCommercial-NoDerivs licence (http://creativecommons.org/licenses/
by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the work, in any 
medium, provided the original work is not altered or transformed in any way, and that the 
work is properly cited. For commercial re-use, please contact journals.permissions@oup.com
DOI: 10.1093/ofid/ofz327

Noninvasive Diagnosis of Infection 
Using Plasma Next-Generation 
Sequencing: A Single-Center 
Experience
Jenna Rossoff,1,4 Sonali Chaudhury,1,4 Maulin Soneji,2,4 Sameer J. Patel,2,4  
Soyang Kwon,3,4 Amy Armstrong,1,4 and William J. Muller2,4

1Division of Hematology, Oncology and Transplantation, 2Division of Infectious Diseases, and 
3Stanley Manne Children’s Research Institute, Ann & Robert H. Lurie Children’s Hospital of 
Chicago, Chicago, Illinois; 4Department of Pediatrics, Northwestern University Feinberg School 
of Medicine, Chicago, Illinois

Pediatric patients frequently present with illnesses strongly 
suggesting infection, but without a clearly identified eti-
ology. Our center has recently added a commercially available 
plasma metagenomic sequencing assay to its available diag-
nostic testing. Our experience with the first 100 tests suggests 
that this technology has good clinical performance with >90% 
sensitivity.
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Next-generation sequencing (NGS) technology has revolution-
ized genomic research throughout the biological sciences [1], 
with the potential to impact patient care through improved di-
agnostic sensitivity and precise therapeutic targeting [2]. Since 
the first bacterial genome was sequenced in 1995, molecular 
diagnostic approaches have increasingly been used in the diag-
nosis and surveillance of infectious diseases [3, 4]. Conventional 
diagnostic techniques in microbiology are limited by the time 
required and difficulty of growing certain organisms in culture 
and the need for invasive procedures when an infection is con-
fined to a particular anatomic location [5]. In contrast, plasma 
NGS generates sequences of circulating cell-free DNA, which 
can be compared with known genomic databases of bacterial, 
viral, fungal, and parasitic pathogens for expedited and nonin-
vasive identification [6]. Given the limitations of conventional 
diagnostic techniques and potential for multiple concurrent in-
fections in immunocompromised (IC) patients, there is a need 

for noninvasive testing methods that rapidly and accurately 
identify pathogen(s) to allow for implementation of appropriate 
antimicrobial therapy. Plasma NGS for the diagnosis of infec-
tious pathogens became available for clinical use in our insti-
tution in 2016 and has been applied in selected patients with 
infections of unknown etiology. The purpose of this study was 
to examine the diagnostic capabilities of plasma NGS vs con-
ventional techniques for pediatric infections.

METHODS

This study was approved by the Institutional Review Board of 
Ann & Robert H. Lurie Children’s Hospital of Chicago. We ret-
rospectively reviewed data from patients for whom NGS testing 
of plasma for infectious pathogens was sent for clinical pur-
poses at our institution from December 2016 through August 
2018. Plasma samples were analyzed using a commercially 
available NGS assay at a CLIA-certified laboratory (Karius, 
Redwood City, CA), which sequences cell-free DNA, reporting 
bacteria, fungi, DNA viruses, and parasites present at levels 
greater than a predefined threshold after removal of human 
sequences [7]. Plasma NGS testing was ordered at the request 
of infectious diseases specialists in 94% of cases, typically when 
conventional testing had not identified a specific pathogen or 
with concern for concurrent infections. Although there were 
no institutional restrictions to ordering the test, an infectious 
diseases consultant was involved in interpretation in all cases. 
We reviewed the indication for NGS testing, turnaround time 
for NGS results, other infectious diagnostic tests utilized, and 
physician interpretation of results. Patients were classified as 
IC if they were receiving any immunosuppressive therapy, were 
post-transplant, or had an underlying medical condition that 
compromised their immune system.

Any organism identified by either NGS or conventional in-
fectious diagnostic testing was retrospectively classified as 
“clinically relevant” if the treating physician made management 
decisions based on the result; for cases in which this was unclear 
from the medical records, clinical relevance was determined by 
expert opinions from 2 pediatric infectious diseases (ID) phys-
icians not directly involved in the patient’s care (M.S. and S.J.P.), 
with the opinion of a third ID physician (W.J.M.) used to re-
solve any discrepant opinions. Patients were classified as posi-
tive for an infectious disease if conventional and/or NGS testing 
revealed a clinically relevant pathogen. Sensitivity and spec-
ificity were then calculated for NGS and conventional testing 
methods, comparing the clinical relevance of test results with 
the patient classification of positive (or not) for a specific infec-
tion; for example, a test was considered a true positive when it 
identified the “clinically relevant” infectious pathogen or a false 
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negative if it did not identify a pathogen that was deemed “clin-
ically relevant” based on another test. An NGS test could there-
fore be classified as a true positive even if it identified other (not 
clinically relevant) pathogens at the same time as a clinically 
relevant one, and all conventional tests were grouped together 
in the analysis so that if 1 were negative but another positive 
for a clinically relevant pathogen, the group of tests would be 
considered a true positive. This method of evaluating test char-
acteristics is similar to a method used in a prior study involving 
NGS testing [8]. The significance level was set at 0.05. All ana-
lyses were conducted using SAS 9.4 (Cary, NC).

RESULTS

One hundred NGS tests were sent on 79 patients between 
December 2016 and August 2018. The patients had a median 
age (range) of 11 (0.5–24) years, with 51% females and 76% IC. 
The most common underlying diagnoses among IC patients 
were hematologic malignancies (27% of the IC patients), pri-
mary immune deficiencies (22%), and post-hematopoietic cell 
transplant (HCT; 17%); most non-IC patients had no under-
lying diagnosis. Concern for a fungal (or other atypical) infec-
tion was the most common indication for testing (55% of all 
tests), followed by acute fever/sepsis (22%), prolonged/recur-
rent fever (18%), recurrent lymphadenopathy (4%), and eval-
uation for stopping antifungals (1%). Repeat tests were sent on 
21 occasions involving 15 patients. Results of NGS testing were 
available within 48 hours of sample receipt at the testing labora-
tory 86% of the time.

Seventy of the 100 NGS tests sent were positive for at least 1 
organism above the assay threshold (Supplementary Table 1); 
37 tests identified a single organism, 15 identified 2 organisms, 5 
identified 3 organisms, and 4 or more organisms were identified 
in 13 samples. Bacterial organisms accounted for the majority 
of positive results, with 52 tests identifying at least 1 bacterium, 
25 at least 1 virus, and 18 at least 1 fungus. Fifty-six (80%) of the 

positive NGS tests were assessed to be clinically relevant, 14 of 
which identified clinically relevant organism(s) when conven-
tional testing modalities were nondiagnostic. The remaining 14 
(20%) positive NGS tests showed organisms thought to be not 
clinically relevant. The blood stream and respiratory tract were 
the most common clinical sites of infection; however, plasma 
NGS was also able to identify infections clinically isolated to 
the skin, bone, internal hardware, urinary tract, and cerebro-
spinal fluid. There were 6 cases in which conventional infectious 
testing was diagnostic when NGS was not.

To assess the diagnostic capabilities of NGS vs conventional 
microbiological testing, we compared results from each testing 
modality to the patient’s infectious disease classification (as de-
scribed above). The sensitivity and specificity of plasma NGS 
testing for diagnosis of a clinically relevant infection was 92% and 
64%, respectively, vs 77% and 89%, respectively, for conventional 
microbiological testing (P < .01 for both comparisons) (Table 1). 
Among IC patients, the sensitivity and specificity of NGS testing 
were 93% and 59%, respectively, vs 76% and 92%, respectively, 
for conventional testing (P < .01 for both comparisons).

Fifty-four invasive procedures were performed in 42 patients 
to identify causative infectious pathogens. These procedures 
included bronchoalveolar lavage (8), pleurocentesis (4), par-
acentesis (3), biopsy of lung (14), skin (6), bone (4), lymph 
node (5), spleen (4), liver (1), colon (1), parotid gland (1), or 
parapharyngeal mass (1), or aspirate of gall bladder (1) or sinus 
(1). Fifteen procedures were performed in patients ultimately 
not diagnosed with a specific infection. From the 39 procedures 
performed in patients with a diagnosed infection, a microbio-
logical diagnosis was made by NGS testing in 87% vs 67% with 
conventional testing on invasively obtained specimens.

DISCUSSION

Our single-center experience with the use of plasma NGS 
testing for detecting infectious pathogens in a diverse cohort of 

Table 1.  NGS or Conventional Microbiologic Testing Results vs Infectious Disease Diagnosis (Positive or Negative)

All Patientsa

NGS Testing Infectious Disease + Infectious Disease - Conventional Testing Infectious Disease + Infectious Disease -

Test + 56 14 Test + 48 4

Test - 5 25 Test - 14 34

Immunocompromised Patientsa

NGS Testing Infectious Disease + Infectious Disease - Conventional Testing Infectious Disease + Infectious Disease -

Test + 49 11 Test + 41 2

Test - 4 16 Test - 13 24

Immunocompetent Patients

NGS Testing Infectious Disease + Infectious Disease - Conventional Testing Infectious Disease + Infectious Disease -

Test + 7 3 Test + 7 2

Test - 1 9 Test - 1 10

Abbreviation: NGS, next-generation sequencing.
aThe discrepancy in number of patients classified as having an infectious disease when evaluating NGS vs conventional testing is related to 1 patient’s NGS testing results showing only 
non–clinically relevant organisms (false positive) vs a clinically relevant pathogen seen on conventional testing (true positive).
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pediatric patients found a high sensitivity, with only 6% of tests 
sent failing to detect a clinically relevant organism identified by 
a conventional assay. NGS testing had a higher yield in IC pa-
tients, in whom 61% of tests sent were positive for a clinically 
relevant pathogen vs 35% of those sent in non-IC patients; this 
may relate to the higher likelihood of infection in this popula-
tion. Importantly, results were available in a timely manner to 
treating teams.

Plasma NGS testing can detect pathogen DNA in the blood-
stream even when an infection is confined to a particular ana-
tomic location. In our cohort, 34 invasive procedures might 
have been avoided based on positive NGS results. Additionally, 
the diagnostic yield of plasma NGS testing was higher than that 
of invasively obtained specimens. Given the associated risks 
with invasive diagnostic procedures, which are often magnified 
in the setting of acute illness, the ability to diagnose an infection 
by noninvasive means has potential to significantly improve pa-
tient outcomes.

There are some limitations of plasma NGS testing. It pro-
vides a lower specificity than that of conventional testing, 
with false positives likely resulting from disrupted mucosal 
barrier function or reflecting lymphocyte immunosuppres-
sion, which is particularly true in oncology and transplant 
patients, who are often at the highest risk for infection. This 
contributes to a degree of subjectivity in determining if re-
sults represent true infection. Although the majority of NGS 
tests identified 2 or fewer organisms, allowing for straight-
forward clinical interpretation, there was a minority of cases 
in which NGS testing reported multiple organisms that are a 
part of the normal gastrointestinal or oral microbiome. These 
were typically interpreted as reflecting disrupted barrier 
function and not true infection; however, there were a few 
instances where infectious diseases specialists felt compelled 
to treat these organisms given the gravity of the patient’s ill-
ness. Additionally, NGS provides no data on antimicrobial 
sensitivity and resistance. These limitations suggest that in-
fectious disease expertise is important in interpretation of 
NGS testing results and in guiding management based on 
these results.

Effective clinical implementation of plasma NGS testing 
will likely benefit from institutional guidelines that maximize 
the likelihood of clinically relevant results and minimize false-
positive results, which could lead to inappropriate treatment. 
This study is an initial view of the clinical use of this test, though 
given its retrospective nature and the overrepresentation of 
immunocompromised patients, firm conclusions are difficult 
to draw about patient characteristics that would inform such 
guidelines. Further data on real-world use of the test in specific 
patient populations under evaluation for clearly defined clinical 
presentations are needed to better delineate the test characteris-
tics in these specific clinical settings.
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