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ABSTRACT Broad-range polymerase chain reaction (BR-PCR) identifies molecular
signatures of microorganisms directly from clinical specimens without requiring
microbial growth in culture. BR-PCR may be a powerful tool to reveal microbial causes
of infectious diseases, but the impact on diagnosis and clinical management has yet
to be fully defined. Consequently, the aims here were to investigate how bacterial,
fungal, and mycobacterial (AFB) BR-PCR perform compared to microbiology culture
methods in detecting microorganisms and to assess clinical utility, defined as the ability
of the results to change antimicrobial therapy or treatment duration. Between 2018
and 2021, 348 unique specimens were sent from 327 patients seen within the Univer-
sity of Maryland Medical System (UMMS). Patient charts were reviewed retrospectively.
Organisms identified by BR-PCR were compared to bacterial (n = 302), fungal (n = 137),
and AFB (n = 111) cultures to determine concordance and were evaluated to determine
if they led to a change in clinical management. Agreement in organism(s) reported
by BR-PCR and culture was considered concordant for calculating performance data.
Sensitivity of BR-PCR compared to concordant culture results was 30.9% for bacteria
(25/81; 95% Cl: 21.8-41.6%), 18.8% for fungi (3/16; 95% Cl: 5.8-43.8%), and 33.3% for
AFB (1/3; 95% Cl: 5.6-79.8%) detection. The bacterial negative percent agreement of
80.1% (165/206) may reflect antibiotic pretreatment or detection of fastidious organisms.
Despite longer turnaround times, BR-PCR results changed clinical care in 6% of cases.
Based on these findings herein, the clinical use of BR-PCR would be best utilized when
fastidious organisms are suspected, or specimens remain culture negative, but should
not replace routine culture methods at this time.

IMPORTANCE Determining infectious etiology can be challenging in patients with
chronic presentation and in those receiving empiric therapy. In addition to the stand-
ard of care (microbiology cultures), providers can order a broad-range polymerase
chain reaction and sequencing (BR-PCR) test to identify microorganisms directly from
clinical specimens and independently from culture. While studies have been done from
individual hospitals or systems, there is a lack of broadly applicable clinical evidence
detailing clinical scenarios in which BR-PCR should be utilized. This study adds to
the growing body of literature surrounding BR-PCR clinical usage, examining assay
performance and clinical utility of BR-PCR test results. Although BR-PCR and culture
had low concordance among organisms identified, it was shown to complement the
standard of care for uncommonly isolated and fastidious organisms. Overall, BR-PCR
results changed clinical management in 6% of cases, which is similar to other studies that
include a broad representation of specimen types.
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etermining the etiology of infections is paramount to direct antimicrobial therapies,

which not only result in cure but also allow for antibiotic coverage to be nar-
rowed, thereby eliminating side effects from broad-spectrum antibiotics (1, 2). The gold
standard in diagnosing most infections is microbial culture (1, 2). However, cultures are
often obscured by empiric antibiotic usage, and chronic infections are often associated
with microbes in sessile states, limiting the ability to recover microbes with standard
culture techniques (3). As a result, some infectious disease guidelines recommend
treating culture-negative infections (4, 5). Consequently, there is a drastic need to
develop diagnostics that elucidate microbial causes of infection in conjunction with
microbial cultures.

One such diagnostic technique is broad-range polymerase chain reaction and
sequencing (BR-PCR) (6, 7). This diagnostic test identifies molecular signatures of
microorganisms directly from clinical specimens without requiring microbial growth
in culture. BR-PCR utilizes molecular methods to amplify common gene targets with
hypervariable regions that have organism- and species-specific differences. Sequencing
of the amplified gene products and comparison with validated databases allow for
microorganisms present in the sample to be identified. Bacteria are targeted using the
16S ribosomal DNA sequence (7), and fungi are identified with the polymorphic internal
transcribed spacer (ITS) regions ITST and ITS2 within ribosomal DNA and/or the 28S
ribosomal DNA sequence (8-10). Advancements in technology now allow for multiple
organism templates to be detected and identified in parallel using next-generation
sequencing (NGS). Identification of AFB, including nontuberculous Mycobacteria (NTM),
M. tuberculosis, and M. avium complexes, can use various DNA targets including 16S
ribosomal DNA, rpoB, and hsp65 (11).

BR-PCR is a promising diagnostic but, at present time, is widely ordered without
substantial data to inform the optimal scenarios for utilization. Updated guidelines for
microbiology test utilization from the Infectious Diseases Society of America (IDSA) and
American Society of Microbiology (ASM) suggest that when an uncommon infectious
diagnosis is suspected, consultation with the laboratory director should occur to
evaluate the need for specialized techniques (12). 16S BR-PCR is discussed for body
sites, including endovascular, central nervous system, bone, and joint infections, but the
guidelines highlight that molecular testing from these samples is not recommended
as a first-line diagnostic test and should be performed in conjunction with Gram stain
or pathology reports (12). BR-PCR can be a powerful tool to reveal microbial causes
of infections (13-15), but the sensitivity, specificity, and impact of BR-PCR results on
clinical management are still being defined (13, 16-20). Therefore, the aims of this
study were to investigate how bacterial, fungal, and mycobacterial (acid-fast bacilli, AFB)
BR-PCR performed compared to standard-of-care microbiology culture methods and
with respect to changes in clinical management.

MATERIALS AND METHODS
Study design

We performed a retrospective cross-sectional study evaluating the effect of BR-PCR
results on the diagnosis and management of University of Maryland Medical System
(UMMS) patients between 2018 and 2021. A total of 420 specimens were sent for BR-PCR
to the University of Washington during this 4-year period, with 67 specimens excluded
that represented replicate samples. If distinct specimens from the same collection were
sent with individual BR-PCR orders, orders and results were condensed so that replicate
specimens, characteristics, and findings were not overrepresented. As with culture, any
positive result was meaningful.

Population and specimen characteristics

Electronic medical records (EMR) were reviewed for demographics and comorbidities
(Table 1). Specimens from BR-PCR test orders were characterized by body site and
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TABLE 1 Study population demographics

Number of subjects (n) 327
Age, years (mean + SD) 53+16
Gender n %
Male 190 58.10%
Female 137 41.90%

Race n %
White 169 51.70%
Black 128 39.10%
Asian 12 3.70%
Hispanic 12 3.70%
Other 6 1.80%

Immunodeficient n %

Total 111 33.90%
Autoimmune 14 4.30%
Cancer 24 7.30%
HSCT 0.90%
Immunosuppressive therapy 2.10%
Other 2.10%
Primary immunodeficiency 1.90%
SOT 50 15.30%

Diabetic 68 20.80%

specimen type (Table 2). Various body sites represented include bone and joint, central
nervous system (CNS), endovascular (endocarditis, vascular grafts), intra-abdominal (liver,
peritoneal), intrathoracic (pulmonary, mediastinal), ophthalmic, or soft tissue. Specimen
types were characterized as fresh frozen tissue, formalin-fixed paraffin-embedded (FFPE)
tissue, or body fluid, along with data regarding the length of antimicrobial treatment
the patient received prior to specimen collection. These parameters were then evaluated
to determine patient or specimen characteristics with a higher likelihood of having
a positive BR-PCR result. TAT was calculated as the time elapsed between specimen
collection and the posting of results to the EMR.

TABLE 2 Specimen characteristics

Specimens (n)

348

Antimicrobial therapy prior to specimen collection n

No
Yes
If yes, duration of therapy (n = 252)
1-2 days
3-7 days
>1-4 weeks
>4 weeks
Body site
Bone and joint
CNS
Endovascular
Intra-abdominal
Intrathoracic
Ophthalmic
Soft tissue
Specimen type
Fresh tissue
FFPE
Body fluid

100
248
n
56
91
71
30
n
120
60
52
30
48
2
36
n
187
55
106

%
28.70%
71.30%
%
22.60%
36.70%
28.60%
12.10%
%
34.50%
17.20%
14.90%
8.60%
13.80%
0.60%
10.30%
%
53.70%
15.80%
30.50%
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420 specimens

67 specimens excluded as
» replicate samples (same
body site, same day)

353 unique specimens,
from 327 patients

5 specimens excluded
with no BR-PCR results

348 unique specimens,
from 327 patients

302 i ith . . . .
bact:rF;:IcIISr;i;\CSRwalnd 137 specimens with 111 specimens with
. . fungal BR-PCR and mycobacterial BR-PCR
aerobic/anaerobic
fungal culture ordered and AFB culture ordered
culture ordered

FIG 1 Retrospective chart review data and samples included in each study comparison. All specimens sent for BR-PCR at UMMC between 2018 and 2021.
Replicate samples (n = 67) were collapsed so all BR-PCR results were taken into account on duplicate specimens. Data were not assessed for specimens (n = 5),
where no BR-PCR results were found uploaded to the electronic health record. Of the 348 unique specimens sent from 327 patients, descriptive comparisons and
statistics were conducted only if BR-PCR and culture were ordered and performed for each organism type: bacteria, fungi, and mycobacteria.

Results from microbiology, pathology, and BR-PCR tests from 348 unique specimens
collected from 327 patients were evaluated in this study. Study design and exclusions
are described in Fig. 1. We assessed BR-PCR positivity by organism type and body site
(Table 3), and a binary comparison of BR-PCR and culture test positivity was done for
bacteria (n = 302), fungi (n = 137), and AFB (n = 111) (Table 4A through C). BR-PCR and
culture reports from each specimen were subsequently compared for concordance of
all organisms identified. Agreement in organism(s) reported was considered concordant
for the purpose of calculating the performance data (Table 4D through F). If result
comparisons were obscured by reporting differences, but these could likely represent
the same organism(s), they were considered concordant. Examples of concordant results
with reporting differences are “Anaerobic Gram-positive rod” reported by culture and
“Clostridium disporicum” reported by BR-PCR (Table S1). Samples with organism(s)
reported by one methodology only were considered discordant. A change in clinical
management in response to BR-PCR results was defined as a documented change in
antimicrobial therapy, as interpreted by provider notes and availability of BR-PCR results.
A consensus among authors reviewing all suspect cases was reached. A change in clinical
management of the patient’s condition was subcategorized as (1) a change in antimicro-
bial agent or duration of therapy or (2) the termination of antimicrobial therapy.

TABLE 3 Percent positivity of BR-PCR orders by body site and organism type

Body site Bacterial BR-PCR Fungal BR-PCR AFB BR-PCR
Positive/total (%) Positive/total (%) Positive/total (%)

Bone and joint 33/118 (28.0%) 4/74 (5.4%) 0/67 (0%)

Central nervous system 14/59 (23.7%) 1/38 (2.6%) 0/33 (0%)

Endovascular 22/52 (42.3%) 2/35 (5.7%) 0/29 (0%)

Intra-abdominal 12/26 (46.2%) 1/17 (5.9%) 0/17 (0%)

Intrathoracic 16/45 (35.6%) 2/34 (5.9%) 2/33 (6.1%)

Ophthalmic 0/2 (0%) 0/1 (0%) 0/0

Soft tissue 13/35 (37.1%) 7/33 (21.2%) 2/27 (7.4%)

All 110/337 (32.6%) 17/232 (7.3%) 4/206 (1.9%)
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TABLE 4 Culture versus BR-PCR positivity and descriptive statistics using concordant results

Microbiology Spectrum

A. Bacterial detection B. Fungal detection

C. Mycobacterial detection

Bacterial culture Fungal culture AFB culture
Pos Neg Total Pos Neg Total Pos Neg Total
BR-PCR Pos 40 56 96 Pos 5 4 9 Pos 1 0 1
Neg 41 165 206 Neg 1 117 128 Neg 108 110
Total 81 221 302 Total 16 121 137  Total 3 108 111
D. Bacterial E. Fungal F. Mycobacterial
NPA 165/206 117/128 (91.4%, 108/110 (98.1%,
(80.1%,
95% Cl: 74.1- 95% Cl: 85.1- 95% Cl: 93.2-99.9%)
85.0%) 95.3%)
PPA 25/96 (26.0%, 3/9 (33.3%, 1/1 (100%,
95% Cl: 18.3- 95% Cl: 11.7- 95% Cl: 16.8-100%)
35.7%) 64.9%)
SENS 25/81 (30.9%, 3/16 (18.8%, 1/3 (33.3%,
95% Cl: 21.8- 95% Cl: 5.8- 95% Cl: 5.6-79.8%)
41.6%) 43.8%)
SPEC 165/221 117/121 (96.7%, 108/108 (100%,
(41.6%,
95% Cl: 68.5- 95% Cl: 91.5- 95% Cl: 95.9-100%)
80.0%) 99.0%)
Overall 190/302 120/137 (87.6%, 109/111 (98.2%,
(62.9%,
Concordance 95% Cl: 57.3— 95% Cl: 80.9- 95% Cl: 93.3-99.9%)
68.2%) 92.2%)
Statistics

Organisms that were positive for both BR-PCR and culture, but with discordant findings,
were excluded from the descriptive statistics analysis. Assessment of BR-PCR perform-
ance for each organism category was then compared to the reference standard,
culture, to include negative percent agreement (NPA), positive percent agreement (PPA),
sensitivity, and specificity, with 95% confidence intervals calculated by modified-Wald
method in GraphPad quick calcs. The overall concordance was calculated in relation to
the total number of specimens with BR-PCR and equivalent culture ordered.

To determine the influence of factors on BR-PCR test positivity, a two-tailed Fisher’s
exact test was used to compare the parameters including population demographics and
specimen characteristics. Odds ratios were calculated to assess the frequency of various
factors among BR-PCR-positive and -negative groups. The two-tailed Fisher’s exact test
was used to determine comparability between culture and BR-PCR. Specimen type was
compared by x test for sample sizes >300 (bacterial BR-PCR) and by Fisher’s exact test
with sample size <300 (fungal and AFB BR-PCR) using a 2 X 3 contingency table. TATs
were compared between tests used for diagnosis of bacteria, fungi, and AFB using the
Kruskal-Wallis nonparametric test and corrected with Dunn’s multiple comparisons. For
all the tests, significance was set by a = 0.05.

RESULTS
Study characteristics

This cohort of 327 patients was predominantly male (58.1%) and white (51.7%) (Table
1). Over one-third of the patients were immunocompromised (n = 111/327, 33.9%) and
one-fifth were diabetic (n = 68/327, 20.8%) (Table 1). Most specimens (n = 248/348,
71.3%) were collected after antimicrobial therapy administration, ranging from 1 to 2
days to greater than 4 weeks in duration (Table 2). Bone and joints were the body sites
most highly represented, with over one-third (n = 123, 34.9%) of all specimens (Table
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2). Specimens were sent from various anatomic locations, including the CNS (n = 61,
17.2%), endovascular (n = 52, 14.7%), intra-abdominal (n = 30, 8.5%), intrathoracic (n =
49, 13.9%), ophthalmic (n = 2, 0.6%), and soft tissue (n = 36, 10.2%) (Table 2).

Sex, race, immunocompromised, and diabetic status can individually lead to a
predisposition to certain infections (21-23), but these factors did not significantly
influence BR-PCR test results in this cohort. Patients who had received antimicrobial
treatment were 1.8 times more likely to have BR-PCR results positive for bacteria (75/210)
than those without empiric treatment (21/92) (P = 0.03); however, stratified data by
treatment duration did not show any significant differences. When comparing antimi-
crobial pretreatment between specimens with disparate test results, culture-negative
BR-PCR-positive specimens were more likely to have been exposed to treatment prior to
collection than culture-positive BR-PCR-negative specimens.

Bacteria were 5.5 times more likely to be detected by BR-PCR if Gram stain reported
the presence of organisms (P < 0.00001) and 2.4 times more likely if inflammation
was observed as the presence of neutrophils on Gram stain (P = 0.03) or noted in the
pathology report (P = 0.005). Immunocompromised status, antimicrobial therapy prior to
specimen collection, and signs of inflammation were not associated with an increased
likelihood of detecting fungi or AFB by BR-PCR.

Detection of microorganisms with BR-PCR

Across the 348 specimens, providers ordered a total of bacterial (n = 337), fungal (n =
232), and AFB (n = 206) BR-PCRs. Table 3 presents the percentage positivity of BR-PCR
orders by body site. The overall bacterial BR-PCR had the highest positive percentages
across body sites, with bacteria detected from intra-abdominal (12/26, 46.2%), endovas-
cular (22/52, 42.3%), soft tissue (13/35, 37.1%), intrathoracic (16/45, 35.6%), bone and
joint (33/118, 28.0%), and central nervous system (14/59, 23.7%) collections (Table 3).
Soft tissue samples had the highest yield in detecting fungi (7/33, 21.2%) and AFB (2/27,
7.4%) by BR-PCR (Table 3).

A binary comparison of positivity between bacterial BR-PCR and aerobic/anaerobic
culture recognized 40 out of 302 specimens as positive by both test methods (Table
4A). Disparate abilities to detect bacteria occurred in 41 culture-positive specimens and
56 BR-PCR-positive specimens, where the other test method resulted negative (Fig. 2;
Table 4A). Overall, few specimens were positive for fungi and AFB. Five out of the 137
specimens sent for fungal BR-PCR and culture were positive by both methods (Table 4B).
Four BR-PCR-positive specimens and 11 culture-positive specimens showed contradic-
tory fungal test results (Fig. 3; Table 4B). One out of 111 specimens sent for AFB testing
was positive by both BR-PCR and culture, and two specimens recovered AFB in culture
but not by AFB BR-PCR (Fig. 4; Table 4C). BR-PCR and culture were significantly different
in their ability to detect bacteria (P = 0.0001), fungi (P =0.0011), and AFB (P = 0.0270).

Concordant microbe detection between BR-PCR and culture

Six specimens had multiple bacterial templates that could not be resolved by standard
bacterial BR-PCR and/or NGS. One culture grew multiple organisms, and here, “multi-
ple templates” were interpreted as a matching result, although there was no further
resolution. BR-PCR reported up to ten microbes per specimen, compared to culture
where specimens with more than three organisms per culture were reported as microbial
flora, not including individual organism resolution. Twenty-five specimens identified the
same bacteria in 302 specimens tested by bacterial BR-PCR and culture (Fig. 2). Concord-
ance was complicated by polymicrobial specimens, where 13 specimens displayed some
overlap in bacterial organism(s), where either bacterial BR-PCR (n = 1), bacterial culture
(n = 3), or a combination of both (n = 9) had detected organisms not identified by
the other methodology (Fig. 2). Bacterial identifications from BR-PCR- and culture-pos-
itive specimens and frequency of detection are listed in Table S1. Overall bacterial
concordance was low at 62.9% (95% Cl: 57.3-68.2%) (Table 4D), as many bacteria were
detected solely by BR-PCR or culture (Tables S2 and S3). BR-PCR detected Legionella sp.,
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302 unique specimens

with bacterial BR-PCR

and aerobic/anaerobic
culture ordered

Microbiology Spectrum

BR-PCR positive (96)

BR-PCR negative (206)

Cx positive (40) Cx negative (56)

Cx negative
(165)

Cx positive
(41)

| | |

Concordant Concordant and Discordant
results (25) discordant results (13) results (2)
PCR detected Cx detected Multiple
additional novel | | additional novel | | templates, some

organism(s) (1) organism(s) (3) overlap (9)

FIG 2 Bacterial BR-PCR and culture results. Bacterial BR-PCR positivity shows little correlation to culture positivity. Of BR-PCR-positive, culture (Cx)-positive

specimens, results were compared for concordance: 25 specimens had concordant findings, two specimens had discordant findings, and 13 specimens had

results that were more convoluted, with concordance for some organism(s) and discordance where BR-PCR (n = 1), Cx (n = 3), or both methodologies (n = 9)

detected additional organism(s) missed by the other.

Mycoplasma hominis, Rhodococcus fascians, Ureaplasma sp., and others not identified by
infectious workup and routinely identified non-fastidious organisms, such as staphylo-
cocci, streptococci, likely environmental contaminants, and normal flora, depending on
the body site.

Only three specimens had concordant fungal findings by BR-PCR and culture (Fig.
3; Table S4). It appears that filamentous molds were preferentially detected by BR-PCR
in culture-negative specimens (Table S5). A higher number of specimens positive by
fungal culture alone may suggest that culture is better able to recover fungi compared
to BR-PCR, although the primary organisms detected by culture were Candida species
(Table S6). Fungal BR-PCR detected mostly molds, some of which are particularly
challenging to recover in culture, including Malassezia (n = 2), which requires long-chain
fatty acids (e.g., olive oil overlay) in culture, and Rhizopus (n = 2), a delicate mold that
is easily susceptible to destruction during tissue processing. Rhizopus was detected by
pathology for both patients, with concern for fungal sinusitis and cutaneous disease.
High fungal NPA (91.4%, 95% Cl: 85.1-95.3%) and specificity (96.7%, 95% Cl: 91.5-99.0%),
driven in part by a large number of specimens negative for fungi, lead to a modest
overall concordance of 87.6% (95% Cl: 80.9-92.2%) (Table 3E).

Of the 111 specimens with paired tests (BR-PCR and culture) sent for diagnosis of
AFB, M. tuberculosis complex was recovered in three AFB cultures but detected by AFB
BR-PCR in just one of these specimens (Fig. 4). While overall concordance of AFB results
was 98.2% (95% Cl: 93.3-99.9%), sensitivity was just 33.3% (95% Cl: 5.6-79.8%) (Table 3F).

BR-PCR performance without reference standard culture

Many BR-PCR orders were placed without the corresponding culture: 35 specimens were
sent for bacterial BR-PCR without aerobic/anaerobic culture, and 95 specimens each
were sent for fungal and AFB BR-PCR with accompanying fungal and AFB cultures.
Notably, 14 of the 35 specimens sent for bacterial BR-PCR only were positive, including
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137 specimens with
Fungal BR-PCR and
Culture ordered

Microbiology Spectrum

BR-PCR positive (9) BR-PCR negative (128)

Cx negative
(117)

Cx positive
(11)

Cx positive (5) Cx negative
| (4)
Concordant Discordant
results (3) results (2)

FIG 3 Fungal BR-PCR and culture results. Positivity can be viewed in relation to fungal BR-PCR and culture results. Of the BR-PCR positive, Cx positive specimens,

results were compared for concordance. This revealed three concordant specimens, where PCR and Cx results detected the same fungal organism and two

specimens with discordant organisms.

six polymicrobial bacterial samples (Table S7). Fungal BR-PCR was positive in 8 out of 95
specimens without culture, which detected several filamentous molds and three Candida
species (Table S7). Finally, mycobacteria were detected by AFB BR-PCR in three out of 95
specimens sent without accompanying AFB cultures (Table S7).

Turnaround time

Aerobic culture results and pathology reports were available approximately 5 days after
specimen collection, with anaerobic culture taking nearly 7 days (Fig. 5A). BR-PCR results
for all organism groups were available to providers between 21 and 23 days, which was
significantly longer than bacterial culture results (4.7 days) but sooner than fungal (27.7
days) and AFB (44.3 days) culture results (Fig. 5A through C).

Clinical utility

BR-PCR results from 21 of 348 specimens (6%, 95% Cl: 3.9-9.1%) contributed to a
change in antimicrobial management with 16 positive (4.6%, 95% Cl: 2.8-7.4%) and
five negative (1.4%, 95% Cl: 0.5-3.4%) BR-PCR results. Details of the case, results, and
change in management are outlined in Table 5. Of the positive BR-PCR results leading
to a change in clinical management of the patient, 25% (4/16) did not have appropriate
microbiology orders to detect the microorganism(s) identified, despite their routine
detection in culture (e.g., aerobic, anaerobic, fungal, AFB). Fastidious organisms, such as
Legionella and Mycoplasma, which are not commonly isolated in standard culture,were
identified by BR-PCR and led to a clinical change for patients (Table 5). Chart review
revealed that many pathogens identified only by BR-PCR matched organisms recovered
in culture from previous episodes of bacteremia, endocarditis, and hardware infections,
although current specimen cultures remained negative (Table 5). Positive results in these
scenarios provided evidence for providers to narrow or broaden therapy to encompass
additional microorganisms. Negative BR-PCR results were one piece of information used
to discontinue therapy, with other diagnostic test results, stable imaging, Gram stain/
culture results, and clinical picture (Table 5).
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111 specimens with
Mycobacterial BR-PCR
and Culture ordered

Microbiology Spectrum

BR-PCR positive (1) BR-PCR negative (110)

Cx positive,

concordant (1)*

Cx negative
(108)

Cx positive
(2)*

FIG 4 AFB BR-PCR and culture results. One specimen was positive for AFB BR-PCR and culture, detecting the same organism. As there was only one specimen

with a positive AFB BR-PCR, there were no discrepancies in mycobacterial organisms detected. *All positive results from these 111 specimens detected

Mycobacterium tuberculosis complex.

DISCUSSION

We hope that the advancements in molecular technologies translate into improved
diagnostic accuracy, but usage guidelines for new molecular tests have lagged in
part because their application, interpretation, and outcomes remain unclear (12). In
this study, we evaluated the ability of BR-PCR results to influence changes in clinical
management in more than 300 specimens from academic medical system hospitals over
a 4-year period from 2018 to 2021. During this time, there was no oversight in the
stewardship of BR-PCR testing. We found a change in clinical management in only 6%
of the cases with BR-PCR results, as reflected by a change in antimicrobial therapy or
duration (4.6%) or discontinuation of treatment (1.4%). This study shows a clinical impact
in a similar proportion of BR-PCR results when compared to prior studies unfiltered for
specimen type (4.1%, 44/1,062 samples [13]; 6.8%, 48/708 tests [16]; 6%, 15/247 samples
[17]; 5%, 19/382[18]).

Over half of the cases (11/21) prompting a change in clinical management iden-
tified bacteria from culture-negative specimens, representing bone and joint, CNS,
intra-abdominal, and endovascular specimens. In 16/21 of these cases, an organism was
detected by BR-PCR. Notably, 4 of these 16 specimens were not sent for routine culture,
perhaps due to low suspicion for infection, failure to consult an ID team, or limited
knowledge of test efficacy. Fungal and AFB BR-PCR results led to clinically meaningful
changes in 3/21 cases. In 5/21 cases with a change in clinical management, cessation of
antimicrobial therapy followed negative BR-PCR results.

Bacterial BR-PCR had a sensitivity of 30.9%; however, it was shown to complement the
standard of care by addressing culture limitations to detect fastidious or uncommonly
isolated microbes. PPA was 26%, which may reflect antimicrobial pretreatment and
suggest a high rate of false positives. Routine reporting of contaminants and flora should
be expected. Our data further supports published findings that BR-PCR is useful in
identifying bacterial organisms from patients pre-treated with antibiotics and culture-
negative specimens (15, 24, 25), and specimens with detectable inflammation and/or
organisms are more likely to have positive bacterial identification by BR-PCR (13, 16, 18,
20).
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FIG 5 Result turnaround time (TAT). TAT was compared within each organism category (A, bacteria; B, fungi; C, mycobacteria) on specimens with orders
for culture and corresponding BR-PCR using a Kruskal-Wallis non-parametric test corrected with Dunn's multiple comparisons. TAT was also considered from
specimens in this subset with pathology orders. Below each test methodology, see the total number of samples (N) and the mean. ns, not significant, ****
P<0.0001.

Culture-negative specimens with positive BR-PCR were more often found in pre-
treated patients than other discordant results. This suggests that culture-negative
samples may have better yield for bacterial detection by BR-PCR if the patient had
previous antibiotic exposure. This association may result from a higher likelihood of
infection in patients who received antibiotic treatment prior to specimen collection (e.g.,
patients at higher risk for or who had clinical evidence of infection). Discordance in
culture and BR-PCR results may also be impacted by sampling error. The microbiology
lab often receives multiple samples taken from one infected body site, as is recommen-
ded (4, 12), but this is not routinely done for molecular testing. Thus, BR-PCR results
should be carefully considered within the clinical scenario when attempting to rule out
infection or stop therapy.

In some cases, BR-PCR elucidated a pathogen, but there was no change in clinical
management. A lack of clinical utility was influenced by many factors, such as when (1)
accurate and effective empiric therapy was already in place (2); a diagnosis was made by
other methods (3); the patient was discharged, expired, or lost to follow-up; or (4) results
were not considered clinically significant. These scenarios were at play for the following
cases where BR-PCR detected: Bartonella quintana from endovascular tissue (trench
fever; positive serology known 1 month prior to sending BR-PCR), Coxiella burnetii from
endovascular tissue (Q fever; positive serology results available before BR-PCR results),
Streptobacillus moniliformis from brain tissue (rat bite fever; isolated from positive blood
culture 2 months prior), and Brachyspira aalborgi from intra-abdominal tissue (intestinal
spirochetosis; spirochetes observed by pathology 5 months prior).

Constraints on the utility of BR-PCR include TATs approaching 3 weeks and inability to
order it in routine clinical diagnostic laboratories. A potential limitation to the study may
be the incorrect assumption that BR-PCR results prompted a change in management
in cases where the availability of BR-PCR results coincided with the completion of a
prescribed antibiotic therapy. Despite these limitations, the real-world use of BR-PCR
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TABLE 5 Utility of BR-PCR to change clinical management®®

Microbiology Spectrum

Age Source BR-PCR results Culture result Antimicrobial therapy Notes
change
65 CNS Acinetobacter johnsonii Negative Vanc > Mero, Mino s/P craniotomy for brain
abscess I1&D; later considered
a contaminant
64 Bone, joint Aspergillus fumigatus* N/A Vori > Posa Sternal wound post-surgery;
polymicrobial
67 Bone, joint Cutibacterium acnes Negative Vanc > Vanc, Amox-Clav Chronic osteomyelitis
78 Endovascular Cutibacterium species Negative Vanc > Erta, Linezolid GPR on Gram stain;
explantation of infected graft
59 Bone, joint Enterobacterales family Negative Linezolid, Mero, Posa > New discitis/osteomyelitis
Linezolid
63 Soft tissue Fusarium penzigii Negative Vanc > Vori Total knee arthroplasty
2 years prior; persistent pain/
swelling
26 Endovascular Haemophilus parainfluenzae Negative Vanc, CTX > CTX PVE; blood cultures with
S. sanguinis, H. parainfluen-
zae, Bacillus sp.; Bacillus
considered a contaminant
60 Intra-abdominal Legionella species negative Dapto, Mero, Levo > Levo Unclear significance, patient
unresponsive to current
therapy
47 Soft tissue Mycobacterium haemophilum* N/A > Azithro, Moxi, Linezolid Skin biopsy of subcutaneous
nodules; SOT patient
67 Bone, joint Mpycoplasma hominis Negative Amox-Clav > Doxy Respiratory illness, retroster-
nal infection
76 CNS Rhodococcus fascians® N/A > Vanc, Mero, Azithro Brain biopsy, altered mental
status
69 Bone, joint Streptococcus mitis, Finegoldia S. mitis/oralis Vanc > Vanc, Amox-Clav h/o prior PJl infections:
species, Prevotella species® Pseudomonas aeruginosa,
CoNS
28 Endovascular Staphylococcus aureus Negative CTX > Cefazolin MSSA endocarditis, IVDU;
stopped coverage for dog
bite
63 Endovascular Staphylococcus epidermidis Negative Mero, Vanc > Vanc PVE, recurrent CoNS
bacteremia; removed broad
coverage for ostomy wound
80 Bone, joint Streptococcus dysgalactiae Negative Dapto, CTX > CTX, Metronida- Poor dentition, hardware at
zole site
53 Endovascular Streptococcus mitis group Negative Ceftaroline > CTX Incompletely treated
bacteremia 1 month prior
31 Endovascular Negative Corynebacterium Stop gentamicin Brucella sp. rule out, in
acnes, Enterococcus addition to serology testing
faecalis
43 Intra-abdominal Negative Negative Stop metronidazole, cefepime Collection drained appeared
stable by CT scan
49 Intrathoracic Negative Klebsiellapneumo-  Stop linezolid, minocycline  Coverage for Nocardia sp. lung
niae, CoNS, C. acnes nodules was removed
49 Bone, joint Negative Cutibacterium acnes Stop ceftriaxone Previously positive for C. acnes

and CoNS
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TABLE 5 Utility of BR-PCR to change clinical management®® (Continued)

Microbiology Spectrum

Age Source BR-PCR results Culture result Antimicrobial therapy Notes
change
68 Bone, joint Negative Negative Stop doxycycline GNR on Gram stain; no sign of

infection

“?CoNS, coagulase-negative staphylococci. CT, computed tomography. GPR, Gram-positive rod. GNR, Gram-negative rod. h/o, history of. 1&D, incision and drainage. IVDU,
intravenous drug use. MSSA, methicillin susceptible S. aureus. PJI, prosthetic joint infection. PVE, prosthetic valve endocarditis. SOT, solid organ transplant. s/p, status post.

bAntimicrobial therapy change: (before) > (after) BR-PCR results. Antimicrobials: Amox-Clav, amoxicillin-clavulanic acid. Azithro, azithromycin. CTX, ceftriaxone. Dapto,
daptomycin. Doxy, doxycycline. Erta, ertapenem. Levo, levofloxacin. Mero, meropenem. Mino, minocycline. Moxi, moxifloxacin. Posa, posaconazole. Vanc, vancomycin. Vori,

voriconazole.
‘No appropriate microbiology cultures (fungal, AFB, anaerobic, or none) ordered to recover this organism.

in clinical care shows that this test can be meaningful, but it suggests that traditional
infectious disease workup should be fully utilized before BR-PCR.

In current practice, we delay BR-PCR testing until bacterial culture is confirmed
negative and fungal and AFB cultures have been reviewed, to prevent duplicate findings
of organisms that grow relatively quickly. BR-PCR test ordering is limited to the ID
specialty and must be approved by clinical microbiology directors. This framework
supports the ordering of appropriate routine diagnostic tests and prevents unnecessary
testing. We suspect that with oversight, the clinical utility of BR-PCR results will be
greater, as studies focusing on BR-PCR results from culture-negative specimens have
shown that a greater proportion of tests influences clinical utility (40.5%, 30/74 [19]; 25%,
18/71 [20]). At the current moment, BR-PCR should not replace the standard of care but
provide a benefit for its ability to detect organisms from culture-negative specimens or
fastidious/uncommonly isolated organisms. The low incidence in detection of fungi and
AFB in clinical specimens by BR-PCR suggests a larger study is needed to determine the
performance and clinical impact of these tests. Future case-control or multi-institutional
studies design may better inform broadly applicable practices and guidelines for the use
of BR-PCR in the diagnosis of infectious diseases and treatment of patients.
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