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Introduction
Antibiotic stewardship has become the focus of 
much interest in urology, as omission of antibi-
otics can lead to sepsis during surgical proce-
dures, and over prescribing can lead to multidrug 
resistant organisms. In ureteroscopy (URS) and 

percutaneous nephrolithotripsy Stone surgery 
(PCNL), the American Urological Association 
recommends preoperative antibiotic prophylaxis 
based on level Ib and level IIb evidence, respec-
tively.1,2 However, voided preoperative urine cul-
ture does not have a high concordance to organisms 
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detected in renal aspirate or stone culture.3 The 
lack of consistent test results translates to patients 
being treated with preoperative antibiotics that 
may not be effective against the organisms inhab-
iting the urinary tract or within the stone. The 
discordance between Voided cultures and renal 
cultures has the potential to lead to a higher inci-
dence of avoidable infectious complications, as 
well as increased antibiotic resistance.4–8

Genetic sequencing in the form of next genera-
tion sequencing (NGS) of bacteria provides a 
novel means of identifying organisms in body 
fluids, tissues, and on prosthetic devices by 
detecting microorganism ribonucleic acid 
(RNA) and/or deoxyribonucleic acid (DNA). 
MicroGen Dx is a company that performs 
quantitative real-time polymerase chain reac-
tion (PCR) assays and NGS from genomic 
DNA for multiple specimen types including 
urine. With respect to urine reporting, 
MicroGen Dx first detects and quantifies the 
presence or absence of genomic DNA from the 
eight most common microorganisms found in 
urine. Additionally, they test for the presence of 
antibiotic-resistant genes and return these 
quantitative real-time PCR results within 24 h 
in the level 1 panel. Subsequently, MicroGen 
Dx performs the NGS of genomic DNA with 
amplicon sequencing of the 16S and ITS 
regions in bacteria and fungi, respectively. The 
NGS report is provided within 3–5 days as the 
level 2 panel, which reports the significant 
microorganisms detected and their relative 
proportion.

Data from the orthopedics literature9,10 shows 
that NGS is able to pick up organisms even in 
joints that are aseptic by standard culture tech-
niques (Ctx). Given the aforementioned dis-
cordance in bacterial detection between voided 
urine (Voided), renal aspirate urine, and renal 
stone (Stone) cultures using standard tech-
niques, a test which can more accurately and 
concordantly detect microorganisms from any 
specimen would benefit clinicians. It is 
unknown how NGS performs relative to Ctx in 
terms of providing clinically relevant microor-
ganism detection and sample concordance. We 
planned a prospective study to compare Ctx 
versus NGS for detection of microorganisms in 
Voided and Stone samples among patients 
undergoing PCNL and URS for management 
of nephrolithiasis.

Methods

Study design
We performed a prospective study comparing 
microorganism detection using Ctx versus NGS 
with MicroGen Dx (Lubbock, TX, USA) on sam-
ples obtained via Voided urine, as well as Stones 
collected from patients undergoing URS and/or 
PCNL between 1 February 2019 and 15 March 
2020. Each patient provided a preoperative urine 
sample typically via spontaneous voiding; how-
ever, Voided samples also included specimens 
from patients with urinary diversions, patients 
intermittently catheterizing, and patients with 
indwelling catheters.

The primary outcomes included the percentage 
of patients with positive Voided urine Ctx versus 
positive Stone NGS (i.e. the sensitivity of Voided 
Ctx for predicting positive Stone NGS), and the 
percentage of patients with positive Stone Ctx 
versus positive Stone NGS (i.e. the sensitivity of 
Stone Ctx for predicting a positive Stone NGS). 
For our primary outcome measure we defined 
concordance as cultures that were either both 
positive, or both negative for any microorgan-
isms. The secondary outcome was the overall per-
centage of patients with positive Voided NGS.

Inclusion and exclusion criteria
Inclusion criteria:

(1) ⩾18 years of age;
(2)  scheduled for PCNL and/or URS for 

renal calculi (unilateral or bilateral);
(3)  patients with no prior urinary-tract infec-

tions and patients with known current or 
prior urinary-tract infections. This 
includes patients on antibiotics or who 
have taken antibiotics for a urinary-tract 
infection.

Exclusion criteria:

(1) inability to provide informed consent;
(2) pregnancy.

Study procedures
Each patient provided a preoperative urine sam-
ple via voiding (Voided) as described above. This 
specimen was sent for Ctx, and also for NGS with 
MicroGen Dx. It should be noted that patients 
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with a positive Voided Ctx were treated with cul-
ture-directed antibiotics for a urinary-tract infec-
tion, as is our routine preoperative practice. The 
NGS samples were obtained as research speci-
mens only and as such were not contained in the 
medical record. Therefore, the treating provider 
did not utilize Voided NGS data to guide medical 
decisions.

On the day of surgery (PCNL and/or URS), 
Stone specimens were obtained intraoperatively. 
In the setting of bilateral URS or bilateral PCNL 
the Stone specimen was obtained from the first 
renal unit accessed. For cases with PCNL and 
contralateral URS the Stone specimen was 
obtained from the renal unit that underwent 
PCNL. A portion of each Stone specimen was 
sent for both Ctx and NGS analysis by grasping 
the Stone with a forcep (PCNL) or basket (URS), 
placing the Stone in a culture container via a no 
touch technique, and then crushing the Stone 
into a saline solution with a sterile curved clamp. 
Similar to Voided data, the Stone NGS samples 
were obtained as research specimens only and as 
such were not contained in the medical record. 
Therefore, the treating provider did not utilize 
Stone NGS results to guide medical decisions in 

the postoperative period, such as whether or not 
to discharge the patient home with antibiotics.

This study received Institutional Review Board 
approval from Indiana University School of 
Medicine (no. 1907218746). We obtained both 
verbal and written consent from each patient.

Statistical analysis
All statistical analysis was performed using IBM 
SPSS software, version 25 (Armonk, NY, USA). 
For sample size calculation, we estimated that 
50% of patients would have a positive Voided Ctx 
and Stone Ctx. This was based on prior local 
institutional data of patients undergoing URS 
and PCNL. We estimated 95% of patients will 
have a positive Voided NGS and 70% of patients 
will have positive Stone NGS.11 We defined con-
cordance as cultures that were either both posi-
tive, or both negative for any microorganisms. 
Using McNemar’s test for paired proportions 
with 40% discordance, two-sided 5% significance 
level, and 80% power, we required inclusion of 
84 patients to complete this study. This sample 
size calculation included both of the primary out-
come measurements.

Results
We included 84 patients for analysis, all of whom 
had a Voided Ctx, Voided NGS, Stone Ctx, and 
Stone NGS data available by completion of the 
study. A total of 79/84 (94%) patient urine sam-
ples were spontaneously voided per urethra while 
the remaining patients provided urine via ileal 
conduit samples (2.4%), clean intermittent 
catheterization (2.4%), and indwelling catheter 
techniques (1.2%). All patient population char-
acteristics are outlined in Table 1. For the entire 
cohort, we observed positive detection of micro-
organisms in 39.3%, 32.1%, 78.6%, and 46.7% 
of Voided Ctx, Stone Ctx, Voided NGS and 
Stone NGS samples, respectively.

The sensitivity, specificity, PPV, and NPV of pos-
itive Voided Ctx predicting positive Stone Ctx 
were 66.7%, 73.7%, 54.5%, and 82.4%, respec-
tively (Table 2). The sensitivity, specificity, PPV, 
and NPV of positive Voided Ctx predicting posi-
tive Stone NGS were 47.5%, 68.2%, 57.6%, and 
58.8%, respectively. Voided NGS demonstrated 
a higher sensitivity but lower specificity than 
Voided Ctx for predicting positive Stone Ctx with 
a sensitivity, specificity, PPV, and NPV of 85.2%, 

Table 1. Patient population characteristics (n = 84).

Characteristic n (%)

Mean age at surgery, years (SD) 51.6 (15.8)

Female 51 (60.7)

Bilateral surgery 38 (45.2)

PCNL procedure 51 (60.7)

URS procedure 50 (59.5)

Any Voided microorganism detected 
by Ctx

33 (39.3)

Any Stone microorganism detected 
by Ctx

27 (32.1)

Any Voided microorganism detected 
by NGS

66 (78.6)

Any Stone microorganism detected 
by NGS

40 (47.6)

Ctx, standard culture; NGS, next generation sequencing; 
PCNL, pecutaneous nephrolithotripsy; SD, standard 
deviation; Stone, renal stone; URS, ureteroscopy; Voided, 
voided bladder urine.
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24.6%, 34.8%, and 77.8%, respectively. The sen-
sitivity, specificity, PPV, and NPV of positive 
Voided NGS predicting positive Stone NGS were 
90.0%, 31.8%, 54.5%, and 77.8%, respectively. 
There was minimal concordance between NGS 
and Ctx with a sensitivity, specificity, PPV, and 
NPV of Voided Ctx predicting Voided NGS of 
42.4%, 72.2%, 84.8%, and 25.5%, respectively. 
This concordance between tests somewhat 
improved with the surgically obtained Stone sam-
ples with a sensitivity, specificity, PPV, and NPV 
of positive Stone Ctx predicting positive Stone 
NGS of 50.0%, 84.1%, 74.1%, and 64.9%, 
respectively.

The majority (62.5%) of NGS samples returned 
both a predominant growth microorganism along 
with at least one additional microorganism repre-
senting ⩾10% of the total microorgansims 
detected on the level 2 panel. The three most 
commonly detected microorganisms by Voided 
NGS were Escherichia coli (16.7%), Enterococcus 
faecalis (13.6%), Proteus mirabilis (7.6%) com-
pared with Voided Ctx E. coli (15.2%), E. faecalis 
(12.1%) and P. mirabilis (9.1%). The three most 
commonly detected microorganisms by Stone 
NGS were E. coli (25.6%), P. mirabilis (12.8%), 
E. faecalis (7.7%) versus Stone Ctx which 
detected E. coli (22.2%), P. mirabilis (11.1%) 
and E. faecium (7.4%). Detection of 

microorganisms between Ctx and NGS for 
Voided and Stone cultures when including exactly 
matching and/or at least one overlapping micro-
organism is presented in Table 3.

In the entire cohort, three patients had a compli-
cation related to infection, of which all three were 
urinary-tract infections, managed with antibiotics 
as outpatients. There were no Clavien–Dindo 
grade 3 or higher complications in our patient 
population. In two of the three patients that expe-
rienced complications, Voided Ctx, Voided NGS, 
Stone Ctx, and Stone NGS were all positive. In 
the third patient, only the Voided NGS and Stone 
NGS were positive. Three additional patients had 
emergency room visits for pain unrelated to 
infection.

Discussion
We performed the first comparison of microor-
ganism detection using standard Ctx to NGS in 
both Voided and Stone samples among patients 
undergoing surgical management of nephrolithi-
asis. We observed generally low rates of concord-
ance between samples with both Ctx and NGS. 
While standard Ctx is the current gold standard 
for microorganism detection, NGS detected 
microorganisms more often, frequently identify-
ing multiple organisms within a single positive 

Table 2. Test characteristics of preoperative voided via Ctx or NGS technique relative to intraoperative Stone 
culture (primary outcomes). Concordance defined as cultures are either both positive, or both negative for any 
microorganism.

Characteristic Technique Intraoperative Stone culture

 Ctx NGS

Preoperative 
Voided

Sensitivity Ctx 66.7 47.5

 Specificity 73.7 68.2

 PPV 54.5 57.6

 NPV 82.4 58.8

 Sensitivity NGS 85.2 90.0

 Specificity 24.6 31.8

 PPV 34.8 54.5

 NPV 77.8 77.8

Ctx, standard culture; NGS, next generation sequencing; NPV, negative predictive value; PPV, positive predictive value; 
Stone, renal stone; Voided, voided bladder urine.
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sample. We found that overall, Voided NGS was 
the most sensitive in predicting a positive Stone 
sample, but the specificity and PPV were overall 
low, meaning a positive result was not always 
clinically relevant. However, we were less likely to 
miss a microorganism that may be present in the 
Stone when NGS testing was utilized on Voided 
samples. While this more sensitive test may allow 
treatment and prevention of unwanted infectious 
complications, it could also result in over treat-
ment of many asymptomatic individuals. Overall, 
we did note that either test, Ctx or NGS, per-
formed best when compared with themselves; 
meaning, a Voided Ctx had a better sensitivity 
and specificity when predicting a Stone Ctx and a 
Voided NGS was best when predicting a Stone 
NGS. 

These data raise the question of what the true 
gold standard should be for microorganism detec-
tion in order to guide optimal preoperative antibi-
otic prophylaxis for Stone surgery. Overall, the 
concordance of the current gold standard Voided 
preoperative urine culture with the Stone culture 
using the Ctx technique is low in our cohort at 
66%. Although not observed in the current study, 

some patients will have a negative preoperative 
urine culture, but still proceed to postoperative 
systemic inflammatory response syndrome (SIRS)
response or urosepsis, suggesting that there may 
be undetected clinically significant bacteriuria or 
additional factors contributing (i.e. intraoperative 
urinary-tract pressurization or funguria that is not 
being detected or mitigated by the Voided Ctx). 
There is no literature on how preoperative treat-
ment of positive urine cultures prior to Stone sur-
gery affects the intraoperative Stone NGS results 
and we did not specifically aim to assess that 
within our study. Further study regarding the 
clinical significance of positive results for both 
Ctx and NGS is warranted along with the effect 
of recent antibiotic use on intraoperative Stone 
NGS results.

One of the more notable trends in this study is the 
high rate of discordant findings between Ctx and 
NGS among the same patient samples (Voided 
and Stone). Voided NGS was positive in twice as 
many patients as Voided Ctx, and Stone NGS was 
positive in an extra 15.5% of patients compared to 
Stone Ctx. Exact matches, meaning both samples 
were negative or both samples had the exact same 

Table 3. Microorganism detection in voided and stone cultures using Ctx and NGS techniques including exactly 
matching and/or at least one overlapping microorganism.

Comparison n (%)

Exactly matching Voided Ctx and Voided NGS 16 (19.0)

Exactly matching or at least one overlapping organism between Voided Ctx and Voided NGS 32 (38.1)

Exactly matching Voided Ctx and Stone Ctx 53 (63.1)

Exactly matching or at least one overlapping organism between Voided Ctx and Stone Ctx 56 (66.7)

Exactly matching* Voided Ctx and Stone NGS 35 (41.7)

Exactly matching or at least one overlapping organism between Voided Ctx and Stone NGS 42 (50.0)

Exactly matching Voided NGS and Stone Ctx 13 (15.5)

Exactly matching or at least one overlapping organism between Voided NGS and Stone Ctx 26 (31.0)

Exactly matching* Stone NGS and Stone Ctx 44 (52.4)

Exactly matching or at least one overlapping organism between Stone NGS and Stone Ctx 55 (65.5)

Exactly matching Voided NGS and Stone NGS 12 (14.3)

Exactly matching or at least one overlapping organism between Voided NGS and Stone NGS 35 (41.7)

*Exactly matching includes samples that showed no microorganism growth in addition to samples that showed the exact 
same microorganism growth.
Ctx, standard culture; NGS, next generation sequencing; Stone, renal stone; Voided, voided bladder urine.
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microorganisms growing, were variable, both for 
the same samples and between urine and Stone 
samples. A prior phase II study by McDonald 
et al.11 compared standard urine Ctx with NGS of 
urine samples in both asymptomatic controls 
(n = 22) and in patients with acute cystitis (n = 44). 
Standard urine Ctx detected positive urine Ctx in 
13/44 (30%) symptomatic patients and 5/22 
(23%) asymptomatic controls, whereas NGS 
detected positive urine Ctx in 44/44 (100%) 
symptomatic patients and 21/22 (95%) of con-
trols. In another study of orthopedic patients, 
Tarabichi et al.9 evaluated concordance between 
standard Ctx and NGS in synovial fluid samples 
obtained from clinically diagnosed periprosthetic 
joint infections. The authors found that standard 
Ctx was positive in 35% of cases (30/86 patients), 
whereas NGS was positive in 42% (36/86) of 
patients. Only 25 patients (30%) had a concord-
ance between positive samples (i.e. positive stand-
ard Ctx and positive NGS). These studies, along 
with our results, show a high rate of discordance 
between Ctx and NGS for different types of clini-
cal samples. With a high sensitivity, NGS does 
have the potential to minimize postoperative 
infectious complications with more targeted pre-
operative treatment or prophylaxis versus Ctx; 
however, to determine the clinical impact of such 
a test would require a very large treatment cohort, 
since serious infectious complications following 
Stone surgeries are infrequent (0.3% and 0.9–
4.7% sepsis rates post-URS and PCNL, respec-
tively).12–14 Accordingly, our cohort infectious 
complications were both uncommon and low 
grade when using urine Ctx results to guide clini-
cal management. Further studies would be 
needed to identify the optimal balance between 
striving for no infectious complications with the 
use of NGS without over treating individuals and 
further leading to rising antibiotic resistance.15 In 
patients who proceed to have a postoperative uri-
nary tract infection or urosepsis event, the quick 
turnaround (<24 h) of an intraoperative level 1 
NGS panel may help target initial antibiotic selec-
tion based on a local antibiogram, as microorgan-
ism detection would be available faster than that 
of a standard Ctx.

The current study does have limitations. One 
important limitation is the lack of a strong guide-
line-based algorithm for management of preop-
erative positive urine cultures prior to surgery for 
nephrolithiasis. It has been our practice to treat 
positive urine cultures with at least 48 h, and in 
most cases, 7 days of culture-specific antibiotics 

prior to surgical intervention. A related chal-
lenge is the difficult nature of determining what 
organisms are contaminants as opposed to path-
ogenic and potentially virulent when detected 
on Ctx or NGS. To this end, we elected to 
include a real-world generalizable cohort of 
patients in our analysis, including five patients 
who used indwelling catheters, clean intermit-
tent catheterization (CIC) or had an ileal con-
duit, as there is no established guideline for 
preoperative culture management specific to 
these patients prior to Stone surgery. Similarly, 
as a relatively new technique, the clinical signifi-
cance of detecting multiple microorganisms via 
NGS requires further evaluation. There is a pau-
city of evidence to guide what microorganisms 
detected within an NGS analysis are clinically 
significant and may require antibiotic coverage 
(i.e. if six microorganisms are detected by NGS, 
how do you determine whether to cover only the 
predominant microorganism versus the top three 
most prevalent versus all six?). Additionally, dif-
ferent institutions will have access to different 
testing kits that introduces further variability in 
the reproducibility of both Ctx and NGS. It is 
important to note that as with many of the NGS 
testing kits available, MicroGen Dx does not test 
susceptibilities to antibiotics for the pathogens. 
Detection of eight common resistance genes are 
screened by MicroGen Dx, but it is the respon-
sibility of the treating provider to correlate the 
microorganisms detected to local antibiograms. 
Although detection of common antibiotic-resist-
ance genes may be helpful it does not ensure that 
corresponding phenotype in all microorganisms. 
Finally, it is important to acknowledge that uri-
nary-tract calculi can fully obstruct along the 
length of the urinary tract, resulting in a falsely 
negative distal Voided Ctx or NGS sample with 
clinically significant obstructed proximal micro-
organisms in the urine. Taken together, these 
limitations highlight uncertainty in how to inte-
grate NGS results into clinical management of 
patients with urinary-tract stones, and a Voided 
Ctx with specific antibiotic sensitivities remains 
the gold standard.

Specific to surgical treatment of nephrolithiasis, 
there is a lack of consensus regarding the optimal 
management of patients who have a positive 
intraoperative Stone culture, and it is unclear how 
a more sensitive test for microorganism detection 
could affect this ongoing debate. Additionally, 
although not the aim of this paper, consideration 
of healthcare costing for optimal utilization of 

https://journals.sagepub.com/home/tau


CU Nottingham, MA Assmus et al.

journals.sagepub.com/home/tau 7

NGS will need to be evaluated. Overall, in an 
effort to continue minimizing postoperative infec-
tious complications while avoiding overtreatment 
and antibiotic resistance, further studies should 
be pursued in order to evaluate the best way to 
utilize NGS for Stone surgery.

In conclusion, NGS has a higher detection rate 
of microorganisms than standard Ctx for both 
preoperative Voided and intraoperative Stone 
Ctx. However, we recognize that over detec-
tion of organisms has risks, and a clinical judg-
ment is still required by the treating physician 
regarding what is considered clinically signifi-
cant. Preoperative urine NGS yielded a higher 
sensitivity for the positive Stone culture result 
(using either Ctx or NGS) when compared 
with standard Voided Ctx. Further correlation 
of NGS microorganism detection with objec-
tive patient outcomes will determine which 
clinical situations may benefit most from NGS 
culture utilization in patients with urinary-tract 
stones.
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