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The Application of Next-Generation Sequencing in
Preoperative Evaluation for Urologic Stone Surgery
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Abstract

Introduction: Next-generation sequencing (NGS) is a new molecular technique for identifying microorgan-
isms. Treating bacteriuria in patients undergoing stone removal procedures is important for preventing postop-
erative urinary tract infection (UTI). The objective of this study is to assess the usefulness of preoperative
urine NGS testing by comparing NGS with standard urine culture in predicting postoperative UTI after ure-
teroscopic lithotripsy (URSL) and percutaneous nephrolithotomy (PCNL).

Materials and Methods: This prospective study was conducted from February 16, 2022, to January 11, 2024.
Sixty subjects who underwent URSL or PCNL were included. Preoperative voided urine samples were collected
for urine culture and tested by MicroGenDX for urine polymerase chain reaction (PCR) and urine NGS. Stone
specimens obtained intraoperatively were also sent for stone culture and MicrogenDx. Patients were monitored
for 4 weeks post-operation for recording clinical outcomes related to infections and complications.

Results: Twenty-six (43.3%) male and 34 (56.7%) female participants were included. Twenty-six (43.3%)
patients underwent PCNL (15 standard PCNL and 11 mini PCNL), and 34 (56.7%) underwent URSL. Standard
urine culture identified positive results in 26 cases (43.3%), PCR for 17 cases (28.3%), and NGS for 31 cases
(51.7%). The overall postoperative UTI rate was 6 (10%). Standard urine culture demonstrated a sensitivity of
50%, specificity of 57.4%, and accuracy of 56.7%. Positive predictive value (PPV) was notably poor at 11.5%.
Urine NGS showed a higher sensitivity of 83.3%, specificity of 53.7%, accuracy of 55%, and PPV of 16.7%.
Conclusion: Urine NGS significantly improves the sensitivity of detecting microorganisms in preoperative
urine compared with standard urine culture. Despite its high sensitivity and capability to identify noncultura-
ble bacteria, using NGS alongside standard urine culture is recommended. This parallel approach harnesses
the strengths of both methods. Integrating NGS into standard practice could elevate the quality of care, espe-
cially for patients at high risk of UTIs, such as those undergoing invasive stone removal procedures.

Keywords: next-generation sequencing, preoperative evaluation, urologic stone surgery, ureteroscopic litho-
tripsy, percutaneous nephrolithotomy

Introduction

Urinary tract infections (UTIs) are a burden on patients
and health care. The established method for diagnosing
a UTIL, urine culture, necessitates an incubation period
exceeding 48 hours for results. This delay in appropriate
antibiotic (ATB) treatment can impact patient outcomes.
Recognizing these limitations, novel approaches such as

polymerase chain reaction (PCR) and next-generation
sequencing (NGS) have emerged for bacterial identification
in urine, aiming to provide faster and more precise diagnos-
tic information. PCR, a molecular technique, amplifies spe-
cific DNA sequences unique to certain bacteria by using
designed primers targeting these sequences. The amplified
DNA is subsequently analyzed against known bacterial and
ATB resistance databases. In UTI, PCR-based tests swiftly

'Division of Urology, Department of Surgery, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand.
“Department of Urology, University of California San Diego, San Diego, California, USA.

908


http://dx.doi.org/10.1089/end.2024.0167

Downloaded by UCSD Libraries University of California San Diego from www.liebertpub.com at 12/05/24. For personal use only.

NGS IN PREOPERATIVE EVALUATION FOR URSL AND PCNL 909

and accurately identify the multiple infecting bacteria and
ATB resistance genes, offering immediate results from urine
samples.” Despite its ability to detect nonculturable and
small amounts of bacterial DNA, including remnants of dead
bacteria, PCR’s high sensitivity may also detect nonpatho-
genic microorganisms, reducing its specificity for UTL.

NGS is another molecular technique for identifying
microorganisms in urine. In the laboratory, using high-
throughput sequencing technologies, millions of DNA frag-
ments from diverse microorganisms are sequenced simulta-
neously. Post-sequencing, bioinformatics tools analyze the
generated sequences, comparing them against microbial
databases to identify and characterize the microbial composi-
tion. NGS offers a comprehensive analysis, providing
insights into the diversity, abundance, and types of microor-
ganisms present in the urine sample, aiding in the identifica-
tion of potential pathogens causing infections.

MicroGenDX testing includes both PCR and NGS results.
The Level 1 report provides PCR results immediately upon
specimen arrival, offering quick insights. In contrast, the
Level 2 report, using NGS, takes 2-3 days to deliver results.
Despite its precision, the overall suitability of NGS for rou-
tine UTI diagnoses is controversial with concerns regarding
its cost-effectiveness and lower specificity. The test may
offer a focused benefit in specific high-incident UTI popula-
tions, such as kidney stone patients in the perioperative
setting.

UTI commonly arises following stone removal proce-
dures, contributing to urosepsis in about 7.6% of postopera-
tive infections. Incidence rates of UTI post-ureteroscopic
lithotripsy (URSL) range from 2.2% to 20% and up to 20%
in percutaneous nephrolithotomy (PCNL).>~® Ensuring ster-
ile urine before surgery is crucial, and preoperative urine cul-
tures guide ATB treatment, although standard cultures have
limitations. With a sensitivity in diagnosing UTI of 50%-—
60%,7’8 standard urine cultures often miss anaerobic, slow-
growing, and fastidious bacteria, potentially allowing
unidentified pathogens to spread during surgery. To address
these issues, our prospective study aimed to compare Micro-
GenDX (PCR and NGS) with standard urine culture to detect
pathogens in preoperative voided urine and stones among
patients undergoing stone removal procedures (URSL and
PCNL). The primary outcome of the study was the ability of
NGS to predict a UTI within 30 days post stone removal.
Secondary outcomes included the effectiveness of PCR in
predicting postoperative UTI, surgical complications,
unplanned additional surgical visits, and readmissions.

Materials and Methods

This prospective study aimed to compare urine culture
and urine NGS analysis for postoperative infection following
stone removal procedures. The study was conducted from
February 16, 2022, to January 11, 2024, post Institutional
Review Board approval. Sixty subjects who underwent
URSL or PCNL and met the eligibility criteria were
recruited from urology clinics after informed consent was
obtained during the planning of the stone removal procedure.

Eligibility and exclusion criteria

Eligible participants were individuals aged 18 years or
older planning stone removal surgery (URSL or PCNL) and
able to provide informed consent. Patients with indwelling
ureteral stents, ileal conduits, practicing Clean Intermittent
Catheterization, or having an indwelling Foley catheter were
not excluded. Exclusion criteria comprised those unwilling
or unable to provide consent, individuals under 18, failure to
meet inclusion criteria, and pregnancy.

Sample collection and analysis

Preoperatively, 30-50 mL voided urine samples were col-
lected using the clean catch or catheterized technique. One
portion was sent to the institutional laboratory for urine cul-
ture following validated reference ranges, whereas the
remaining was deidentified and forwarded to MicroGenDX
for urine PCR and urine NGS analysis. Stone specimens
obtained intraoperatively were crushed, cultured, and sub-
jected to MicroGenDX stone testing. Patients with positive
urine cultures were treated preoperatively. PCR and NGS
data were not used for immediate clinical decisions by treat-
ing providers and were treated as research specimens.

Clinical follow-up

Patient demographic data and operative events were
recorded and de-identified in REDCap. Patients were
monitored for 4 weeks post-operation, recording clinical
outcomes related to infections, complications, postopera-
tive ATBs, emergency room visits, and patient calls. The
criteria for the diagnosis of postoperative UTI are defined
in Figure 1.

Statistical analysis

All statistical analyses were performed using IBM SPSS
software, version 28 (Armonk, NY, USA). For sample size
calculation, we estimated that 40% of patients would have a
positive preoperative urine culture, and 70% would have a
positive urine NGS.® We defined concordance between tests
as either both being positive or both being negative for any
microorganisms. Using McNemar’s test for paired propor-
tions with a 0.2 and 0.5 probability of discordance, a two-
sided 5% significance level, and 80% power, we required 58
patients for this study.

Results
Demographics

In this prospective study conducted from February 16,
2022, to January 11, 2024, a total of 60 patients were
enrolled. Table 1 presents demographic data, illustrating 26
(43.3%) male and 34 (56.7%) female participants. The
cohort had a mean age of 57.36 years, with a median stone
burden of 14 mm. Among the patients, 26 (43.3%) under-
went PCNL (comprising 15 standard PCNL and 11 mini
PCNL), whereas 34 (56.7%) underwent URSL.
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Patient has clinical markers to
confirm UTl included symptoms of  stent insertion).
flank pain or dysuria without other
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1.Abnormal urinalysis finding pyuria (WBC>10/HPF, adjusted for ureteric

cause of infection, combined with
one of the

2.Urine culture positive for microorganism.

3.5ystemic Inflammatory
Response Syndrome (SIRS)
defined by any two of the

criteria:

1.Body temperature of more than 38°C
(100.4°F) or less than 36°C (96.8°F)

2.Heart rate greater than 90 beats/minute

3.Respiratory rate greater than 20 breaths/
minute

4.WBC <4000/mm3 or >12000/mm3or band
>10% in complete blood count,

FIG. 1. Criteria for the diagnosis of postoperative urinary tract infection.

Pathogen detection rates

The comparison between preoperative urine and stone
tests revealed varying detection rates of preoperative bacter-
iuria among different testing methods. Standard urine culture
identified positive results in 26 cases (43.3%), which
included mixed urogenital flora in 15 cases. All patients with
identified pathogens in urine culture were treated with ATBs
preoperatively. Patients with urine cultures revealing mixed
urogenital flora were treated with ATBs in 2 out of 15 cases;
however, these 2 cases did not experience postoperative
UTL Urine PCR and NGS detected positives in 17 cases
(28.3%) and 31 cases (51.7%), respectively. Among the
cases detected by urine NGS, 1 out of 31 cases exclusively
contained only known nonpathogenic organisms.

Regarding stone tests, standard culture methods yielded
positive results in 9 cases (15%), whereas PCR showed posi-
tives in 6 cases (10%), and NGS exhibited a higher detection
rate with positives in 18 cases (30%). These results indicate
that NGS consistently displayed higher detection rates com-
pared with both standard urine and stone culture methods,
with PCR demonstrating a lower level of detection (Fig. 2).

Compatrison of tests

The relationship between standard culture and NGS is
illustrated in Tables 2 and 3. The p-value of the McNemar
test for both urine and stone cultures compared with NGS
exceeds 0.05, indicating that the NGS test cannot substitute
the standard culture method. The concordance between tests
is shown in Table 4.

Although NGS demonstrated a higher detection rate com-
pared with standard urine culture, it is essential to note that
NGS also provided negative results in 7 cases (18.3%) that
tested positive in urine culture. These cases included organ-
isms like Candida albicans, Proteus mirabilis, Enterococcus
faecalis, and four cases with mixed urogenital flora; none of
these patients experienced postoperative UTL

Similar to urine NGS, stone NGS exhibited a superior
detection rate compared with standard stone culture. Stone
NGS provided a negative result in two cases (22%) that
tested positive in stone culture. The cases missed by stone
NGS revealed the presence of Candida glabrata and Staphy-
lococcus epidermidis in stone culture. Notably, none of these
patients experienced postoperative UTI, and these findings

from stone culture did not align with either urine culture or
urine NGS results.

Patient predictive factors

Female patients exhibited a higher rate of culture positiv-
ity, as well as NGS and PCR positivity for both urine and
stone tests. Despite these differences, the postoperative
infection rate remained consistent across genders. However,
the rate of prescribed postoperative ATBs was higher in
females (44.1% vs. 15.4%), with a significant p-value of
0.025.

The overall postoperative UTI rate was 6 (10%), including
cases of sepsis affecting 5/6 (83.3%) patients (Table 5).
Among the six, three had a positive urine culture result upon
revisiting, and two out of the three also had a positive blood
culture with the same organism. Only one of the three posi-
tive blood culture cases showed the same organism between
the preoperative urine culture and the urine culture while
having postoperative UTI. Although urine NGS showed the
same result as postoperative urine organism (Escherichia
coli) in two of three cases, the other case’s urine culture
revealed no growth, urine NGS revealed Bacillus subtilis
and Sphingomonas leidyi, and the urine culture while having
postoperative UTI showed mixed urogenital flora.

Test performance

The performance of tests to detect postoperative UTI is
outlined in Table 6. Standard urine culture demonstrated a
sensitivity of 50%, specificity of 57.4%, and accuracy of
56.7%. However, its positive predictive value (PPV) was
notably poor at 11.5%. Urine culture that defined mixed uro-
genital flora as negative has a sensitivity of 16.7%, specific-
ity of 81.5%, accuracy of 75%, and PPV of 9.1%. Urine
PCR exhibited the same sensitivity as urine culture at 50%
but a higher specificity at 74.1%, with an accuracy of 71.7%
and PPV of 17.6%. On the contrary, urine NGS showed a
higher sensitivity at 83.3% but a lower specificity at 53.7%,
accuracy of 55%, and PPV of 16.7%.

Standard stone culture had a sensitivity of 33.3% for
detecting postoperative UTI, with a specificity of 87%, an
accuracy of 81.7%, and a PPV of 22.2%. Stone NGS dis-
played the same sensitivity of 33.3% and accuracy of 80%.
However, its specificity and PPV were lower at 70.4% and
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TABLE 1. DEMOGRAPHIC DATA

Characteristic Total, N (%) No UTI UTI p-Value
60 (100) 54 (90) 6 (10)
Gender 0.602
Male 26 (43.3) 24 (44.4) 2 (33.3)
Female 34 (56.7) 30 (55.6) 4 (66.7)
Age: year (SD) 57.36 (14.05) 57.33 (14.47) 57.67 (10.46) 0.957
BMI: mean (SD) 31.00 (7.37) 30.67 (7.53) 34 (5.30) 0.293
ASA 0.950
1 2(3.3) 2(3.7) 0
2 28 (46.7) 25 (46.3) 3 (50)
3 29 (48.3) 26 (48.1) 3(50)
4 1(1.7) 1(1.9) 0
DM status 0.904
Nondiabetic 51 (85) 46 (85.2) 5(83.3)
Diabetic 9 (15) 8 (14.8) 1(16.7)
History of UTI 0.076
No 47 (78.3) 44 (81.5) 3(50)
Yes 13 (21.7) 10 (18.5) 3 (50)
Urinalysis
Nitrite positive 8 (13.3) 8 (14.8) 0(0) 0.311
Leukocyte positive 34 (56.7) 31(57.4) 3(50) 0.728
WBC >3 20 (33) 20 (37) 0 0.068
Bacteria positive 42 (70) 16 (29.6) 2 (33.3) 0.851
Preoperative urine culture
Positive 26 (43.3) 23 (42.6) 3(50) 0.728
Identified pathogen 11 (18.3) 10 (18.5) 1(16.7) 0911
Urogenital flora 15 (25) 13 (24.1) 2 (33.3) 0.619
Negative 34 (56.7) 31(57.4) 3(50) 0.728
Preoperative drainage status
Ureteral stent 12 (20) 12 (22.2) 00 0.197
PCN 1 (1.66) 1(1.9) 0(0) 0.737
Median stone burden: mm (IQR) 14 (9, 23.75) 13.5 (7.75, 24.00) 16.00 (12.5, 20) 0.674
Operation
PCNL 26 (43.3) 22 (40.7) 4 (66.7)
Mini PCNL 11 (18.3) 9 (16.7) 2 (33.3) 0.317
Standard PCNL 15 (25) 13 (24.1) 2 (33.3) 0.619
URS 34 (56.7) 32 (59.3) 2 (33.3) 0.224
Operative time: minute (SD) 71.76 (28.76) 70.50 (28.77) 83.17 (28.53) 0.310
Post operative ATB 13 (21.7) 12 (22.2) 1(16.7) 0.754

ASA, American Society of Anesthesiologists Physical Status Classification; ATB, antibiotic; BMI, body mass index; DM, diabetes melli-
tus; IQR, interquartile range; PCN, Percutaneous nephrostomy; PCNL, percutaneous nephrolithotomy; SD, standard deviation; UTI, urinary

tract infection; WBC, white blood cell.

11.1%, respectively, compared with standard stone culture.
Stone PCR was inadequate as an indicator of postoperative
UTI because of poor sensitivity and PPV.

The logistic regression analysis, which considered the his-
tory of UTI as a factor, demonstrated that none of the tests
could reliably serve as a significant correlate with postopera-
tive UTL

Discussion

Postoperative UTI after a stone removal procedure is one
of the most concerning complications. Although the standard
evaluation of bacteriuria is via urine culture, it shows a sensi-
tivity of only 30%—60% in acute symptomatic UTL'® Thus,
many studies are focusing on development of new tests.
Urine PCR shows higher sensitivity and specificity than
urine culture,"'"'? demonstrating noninferiority to urine

culture at a discrepancy rate of 90%.” Another test, NGS,
enhances microorganism detection in urine, including fastid-
ious and anaerobic organisms that might be missed in stand-
ard cultures. Some literature found that the detection rate of
NGS in symptomatic UTI patients is as high as 100%, com-
pared with 30% in urine culture.'® However, patients without
infectious symptoms showed 51% positivity in NGS despite
consistently negative urine cultures.'* This disparity is attrib-
uted to NGS’s inclination to identify all microbiomes,
including nonpathogenic organisms, leading to reduced spec-
ificity. Consequently, the utilization of NGS in the general
population remains limited, but it may hold benefits for
high-incidence UTI populations.

In our study, we assessed the clinical utility of Micro-
genDx in the preoperative evaluation for stone removal pro-
cedures (PCNL and URSL). The study was designed to
compare standard urine culture and MicrogenDx (PCR and
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FIG. 2. Preoperative bacteriuria detection rate of the tests. NGS, next-generation sequencing; PCR, polymerase chain

reaction.

NGS) for preoperative voided urine in PCNL and URSL
patients. We found that urine NGS demonstrated a higher
organism detection rate in urine compared with standard cul-
ture (51.7% vs 43.3%), consistent with previous literature.?

Urine culture necessitates a larger number of organisms in
the specimen to yield a positive result, whereas NGS has the
capability to detect even minute amounts of organisms. Fur-
thermore, NGS can identify multiple organisms in a single
specimen, unlike standard culture, which typically identifies
only one organism at a time. Urine culture often categorizes
multiple organisms as contamination or reports them as
mixed urogenital flora. As is known, polymicrobial findings
can occur in 39% of UTI cases.'> Notably, NGS provides
the actual names of organisms, offering more valuable infor-
mation for ATB selection compared with the classification
of mixed urogenital flora. Thus, despite its superior detection
rate, NGS might complicate ATB selection. Moreover, in
the judgment of ATB selection for multiple organisms, the
concordance of organisms between standard urine and NGS
was 63.3%, suggesting that 36.7% of patients might encoun-
ter challenges in preoperative ATB selection if both tests
were conducted.

PCR, despite its speed, demonstrated a lower detection
rate (28.3%) than standard urine culture, not meeting the
high sensitivity reported in previous literatures.”'"'%? This
discrepancy might be because of organism mutations over
time, making it difficult to recommend using PCR alone in
preoperative evaluation and limiting its role in this context.

Existing literature highlights discrepancies between urine
and stone cultures. Stone cultures demonstrate a more pro-
nounced association with sepsis than urine cultures, display-
ing a concordance rate of 64% between stone culture and

TABLE 2. CORRELATION BETWEEN URINE CULTURE WITH

URINE NGS
Urine NGS positive NGS negative Total
Culture positive 19 (73.1%) 7(26.9%) 26 (100%)
Culture negative 12 (35.3%) 22 (64.7%) 34 (100%)
Total 31 (51.7%) 29 (48.3%) 60 (100%)

p =0.359, Kappa 0.369.
NGS, next-generation sequencing.

readmission culture.'®'” In our study, the detection rate of
organisms in stones was the highest with NGS (30%), fol-
lowed by standard stone culture (15%) and PCR (10%).
However, the time required (2-3 days) to obtain results from
stone culture and NGS limits their utility in the early detect
postoperative UTT particularly for first-time stone removal
patients. Although stone PCR offers rapid reporting within
24 hours, its lower detection rate and poor sensitivity to post-
operative UTI render it nonapplicable in this scenario.

The overall postoperative urinary infection rate was 10%
(six patients), with five cases (8.3%) developing sepsis.
Urine NGS demonstrated better performance in predicting
postoperative UTI compared with standard urine culture.
Standard urine culture displayed a sensitivity of 50% and a
specificity of 57.4% in predicting postoperative UTI,
whereas urine NGS showed a notably higher sensitivity at
83.3% but a slightly lower specificity at 53.7%. Interestingly,
seven cases that tested positive with urine culture were
reported as negative in NGS. None of these patients experi-
enced postoperative UTI, indicating that urine NGS may be
more clinically relevant than standard urine culture.

Among the six postoperative UTI patients, only one of
them could identify the actual organism in urine culture,
whereas the results for the others showed two cases with
mixed urogenital flora and three with no growth. Among the
two patients with preoperative mixed urogenital flora in
urine culture, NGS identified these organisms. This finding
suggests that the presence of mixed urogenital flora in urine
culture might signify pathogens because of dysbiosis, hold-
ing clinical significance beyond the assumption of mere con-
tamination. In addition, three of these patients had no
organisms detected in preoperative urine culture. Urine PCR

TABLE 3. CORRELATION BETWEEN STONE CULTURE WITH

StoNE NGS
Stone NGS positive NGS negative Total
Culture positive 6 (66.7%) 3 (33.3%) 9 (100%)
Culture negative 12 (23.5%) 39 (76.5%) 51 (100%)
Total 18 (30.0%) 42 (70.0%) 60 (100%)

p =0.791, Kappa 0.162.
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TABLE 4. CONCORDANCE BETWEEN THE Two TESTS, TEST g
MATCHING INCLUDES NEGATIVITY IN BOTH TESTS % N
The number and percentage of matching organ- § S S < g <<
isms between the tests N (%) T A “ “ zz
v
Standard urine culture VS ‘§
Stone culture 35 (58.3) 2 <
Urine NGS 38 (63.3) 5 kel
Stone NGS 38 (63.3) z | < § E
Stone culture VS E = g
Urine NGS 31(51.7) 2 2 g g £ %
Stone NGS 42 (70) 2 5 3 5 3 e e
Urine NGS VS = . ¥ S 2 ° .0
Stone NGS 32 (53.3) E AR SR
=
also failed to detect any organisms in all cases, but urine Z ©“ £
NGS managed to identify organisms in two cases previously % 2 g 3 . £ g5
undetected. o 2 g g 5 35 g S
In the postoperative UTI sepsis workup, urine culture was E 2 2 2 G ot 2 2
positive in three patients. The results of this culture were <
consistent with only one of the three preoperative urine cul- o
tures but matched with two of three cases in urine NGS. The Sl
patient initially had a mixed urogenital flora in preoperative é § § § § § § § §
urine culture without ATB treatment. Subsequently, urine A §~ ¥ 80 a a §D §,J §D
NGS and PCR detected several pathogenic organisms, § AR 2 s 2 S 2
including E. coli, corroborated by postoperative sepsis Rl
workup that identified E. coli in urine culture. Another &
patient, for whom urine NGS did not match, had a urine cul- E o .
ture for postoperative UTI workup that did not reveal the o § 5 = S = 5
organism’s name but reported mixed urogenital flora, in con- ; S| 2 z S 2 £
trast to urine NGS, which detected B. subtilis and S. leidyi. g = o SR 23
This demonstrates the superior performance of urine NGS in g a7z “ < A G
the preoperative evaluation for infectious prevention after E
surgery, particularly in cases where urine culture reports ~
mixed urogenital flora. Two out of 13 (15.4%) patients with o] Q o 2 . 8
untreated preoperative mixed urogenital bacteriuria devel- 2 8 3§35 2 £ _%%
oped UTT after the operation. Many vaginal bacterial spe- = E N § § S E § § :E § . % §3 =
cies, such as Gardnerella vaginalis, Aerococcus sp., and & S0 ég 23 §°§§ E 3 '§;§ 5552
Ureaplasma sp., are considered potential causes of UTI'® n R I I I e Ty
but are difficult to isolate and commonly reported as urogen- E
ital flora. At this stage of research, urine NGS can serve as a 2
useful adjunction to conventional testing. The utility of NGS ~ ©
may therefore have more value postoperatively when a UTI 2 o1 S § 8. n -
has developed as it will identify any potential pathogen. This % § = 5§ L E § % % g <
combination would be extremely valuable as it will allow =A E SE 23936 & 52
for direct treatment more quickly. S N NN AKGSE 2 Z
As for limitations, we do not use MicroGenDX for urine g A
diagnosis in postoperative UTI cases when patients revisit A
the hospital. The absence of this data leads to a lack of a . < < )
. . . . 'g) = = =
head-to-head NGS comparison of organisms causing infec- o N = = 8
tion before and after the operation. § S | E 2
One potential advantage of MicrogenDx is its ability to & E g g Q‘é
detect ATB resistance genes. Among the 31 cases, 18 § g § § '§ g E
showed ATB-resistant organisms, none of which corre- S) § § s §0'§ ;
sponded with the ATB resistance results from the standard i = s 2 Ss g
urine culture. This contrasts with previous literature,” report- g
ing greater similarity between urine NGS ATB resistance g
and urine culture. The discrepancy may arise from ATB - &
resistance mechanisms not solely dependent on genes, espe- § 4
cially in polymicrobial infections, where one resistant strain < | - « o< o)
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TABLE 6. THE TESTS’ PERFORMANCE TO PREDICT POSTOPERATIVE URINARY TRACT INFECTION

Test characteristic Sensitivity Specificity PPV NPV Accuracy
Urine culture 50 574 11.5 91.2 56.7
Urine culture (excluding mixed urogenital flora) 16.7 81.5 9.1 89.8 75
Urine PCR 50 74.1 17.6 93 71.7
Urine NGS 83.3 53.7 16.7 96.7 55
Stone culture 333 87 222 922 81.7
Stone PCR 0 88.9 0 88.9 80
Stone NGS 333 70.4 11.1 90.5 66.7

NPV, negative predictive value; PPV, positive predictive value.

can confer ATB resistance to another.'® In addition, it is
essential to note that NGS reports ATB resistance genes, rep-
resenting genotypic ATB susceptibility, rather than pheno-
typic susceptibility as seen in urine culture. Hence,
interpreting ATB resistance results from MicrogenDx should
be approached with caution. Using the local antibiogram for
ATB selection is advisable in this context.

The American Urological Association’s and European
Association of Urology’s guidelines®®?! advocate prophy-
lactic ATB use for PCNL and URS but do not recommend
extended postoperative ATB therapy. Clinically, 13 patients
were discharged with ATBs, including those with high-risk
symptoms requiring treatment. Including patients who revis-
ited with postoperative UTI, 19 cases received postoperative
ATBs. In predicting the necessity of postoperative ATBs,
urine NGS exhibited the highest sensitivity at 78.9%, fol-
lowed by urine culture at 63.2% and urine PCR at 52.6%.
For specificity, urine PCR displayed the highest rate at
82.9%, followed by urine culture at 65.9% and urine NGS at
61%. The application of urine MicrogenDx may be benefi-
cial in anticipating the need for postoperative ATBs, with
the highest PPV of 58.8% for urine NGS. However, although
stone NGS showed a sensitivity of 57.9%, specificity of
82.9%, and a PPV of 61.1%, its results might arrive too late
to guide the necessity for postoperative ATBs.

The limitations of this study include being underpowered
because of a small sample size and the perioperative ATB
not being standardized but dependent on physician consider-
ation. A larger sample size study should be conducted to fur-
ther support the benefits of NGS.

Although NGS demonstrates better performance in predict-
ing postoperative UTI, it cannot replace urine culture. The
McNemar test and the consideration of nonphenotypic suscep-
tibility suggest that NGS should be used alongside standard
urine culture in preoperative evaluation. Urine NGS and PCR
are combined in the MicrogenDx UTI test service, which costs
259 USD, whereas a standard urine culture costs around 69—
88 USD and can go up to 500 USD for special cultures. The
cost—benefit of adding an NGS test to standard urine culture is
apparent in patients with clinically suspected UTI where no
organism is identified or when there is mixed urogenital flora.

Conclusion

Urine NGS significantly improves the sensitivity of
detecting microorganisms in preoperative urine compared
with standard urine culture. Despite its high sensitivity and
capability to identify nonculturable bacteria, using NGS
alongside standard urine culture is recommended. This

parallel approach harnesses the strengths of both methods.
NGS also shows promise for predicting which patients may
benefit from postoperative ATBs (a decision commonly
based solely on clinical intuition). Integrating NGS into
standard practice could elevate the quality of care, especially
for patients at high risk of UTIs, such as those undergoing
invasive stone removal procedures.
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