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ABSTRACT Universal PCR for bacteria, mycobacteria, and fungi can aid in the diagno-
sis of occult infections, especially in the case of fastidious organisms or when prior
antimicrobial treatment compromises culture growth. However, the limitations of this
technology, including lack of specificity, high cost, long turnaround time, and lack of
susceptibility data, may limit its effect on clinical outcomes. We performed a retrospec-
tive analysis of all specimens sent for universal PCR over a 10-year period from 2013
to 2022, focusing on clinical indications for test utilization and patient outcomes. All
specimens required approval by a microbiology laboratory director prior to testing. A
total of 708 specimens were sent from 638 patients. Of these specimens, 163 were
positive, with an overall positivity rate of 23%. Pre-analytic factors associated with a
positive universal PCR result were the presence of organisms on Gram stain or histology,
the presence of neutrophils on Gram stain, and growth on culture. Positivity rates varied
significantly by specimen type. A total of 20% of all organisms detected were deemed
clinically irrelevant by the clinical services. A positive universal PCR led to a change
in antibiotic management in 29% of cases. Positive fungal universal PCR results sent
from hospitalized patients were associated with worse outcomes, including increased
hospital mortality. Our findings suggest that factors such as the presence of organisms or
neutrophils on Gram stain, specimen source/clinical context, and anticipated changes in
management based on results should be strongly considered when making stewardship
decisions regarding the appropriateness of this testing modality.

IMPORTANCE Our work provides a retrospective analysis of universal PCR orders for
bacteria, mycobacteria, and fungi across our institution across a 10-year period. We
assessed the positivity rates for this diagnostic tool by test type and specimen type and,
critically, studied whether and how the results influenced the outcomes from treatment
change, to readmission, to death.

KEYWORDS universal PCR, molecular diagnostics, laboratory utilization, outcomes

U niversal PCR for bacteria, mycobacteria, and fungi is an attractive technology for
the diagnosis of occult infections that may not be detected by routine microbi-
ology laboratory methods (1). This technology involves sequencing of the 16S rRNA
gene, the 65 kD heat-shock protein, or the 28S rRNA gene plus internally transcribed
spacer regions to broadly detect and speciate bacterial, mycobacterial, and fungal DNA
sequences, respectively. As molecular diagnostics such as these continue to evolve,
laboratory stewardship is becoming increasingly important to ensure that these novel
technologies are being utilized to the maximum benefit to the patient while minimizing
unnecessary healthcare costs.

Universal PCR is best utilized in cases of culture-negative infections, especially in
cases of fastidious organisms or when antimicrobials were given prior to specimen
collection that compromise culture growth (2). While universal PCR has a fairly low
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sensitivity as a standalone assay (3), prospective studies have shown that when used in
conjunction with culture, the overall detection rate may be enhanced over the use of
culture alone (4-7). Various studies have supported the use of universal PCR in cases of
meningitis (5, 8, 9), endophthalmitis (10, 11), joint and bone infections (6, 12-15), pleural
effusions (16, 17), fungal sinusitis (18), and endocarditis (19-22). While positive universal
PCR results have been reported to lead to changes in antimicrobial treatment, there
is considerable variability between studies regarding the extent to which these results
impact antimicrobial management (23-25).

Universal PCR is not without its limitations. Due to its non-specific nature, there is a
high rate of false-positive results from contamination, especially in non-sterile body sites
(26). Universal PCR also cannot provide antimicrobial susceptibility data, and even in the
case of a positive result, clinicians must rely on epidemiologic data to guide coverage. In
the absence of in-house universal PCR testing capacity, sending specimens to reference
laboratories can take a week or longer to return results to the ordering institution,
leaving clinicians to rely on empiric coverage of suspected organisms during a critical
time in hospitalized patients’ care. Finally, this assay comes at a high cost compared to
other routine microbiology testing methods, typically hundreds of dollars (27). Some
studies have suggested that the combination of the lack of susceptibility data, high
rate of contamination, sensitivity and faster turnaround time of concurrently submitted
routine microbiology assays, and cost means that universal PCR provides little to no
value to patient management or prognosis (28-30).

In this context, we aimed to further address the clinical utility of universal PCR,
focusing on the patterns of utilization and patient outcomes. We performed a retrospec-
tive review of all universal PCR tests sent from our hospital network over a 10-year period
and determined the cost of testing as well as the impact of positive universal PCR results
on patient antimicrobial management and hospitalized patient outcomes. These data
may impart diagnostic and prognostic significance for clinicians to determine the merit
of testing for their patients and can ultimately guide stewardship decisions about the use
of this technology for challenging diagnostic cases.

MATERIALS AND METHODS

We performed a retrospective chart review for all patients for whom universal PCR
testing was ordered from our 743-bed adult tertiary-care medical center. These orders
were placed by both outpatient and inpatient clinical teams, typically in conjunction with
the infectious disease consult service. Clinicians had the option to order any combination
of bacterial, mycobacterial, or fungal universal PCR based on their clinical judgement of
potential etiologies of the patient’s infection. All universal PCR orders required review
and approval by a clinical director of our institution’s microbiology laboratories, and
approval was decided on a case-by-case basis without objective criteria. The specimens
were sent for sequencing to the University of Washington Molecular Diagnosis Micro-
biology Section (Seattle, WA, USA). In the case of bacterial and fungal universal PCR,
reflex testing to next-generation sequencing (NGS) was included in cases where multiple
templates were present starting in late 2013.

We queried our institution’s clinical data repository to retrieve information on all
specimens ordered for universal PCR from our electronic medical record network
over the 10-year period from January 2013 through November 2022. A chart review
was performed on all patients to determine patient factors and outcomes, includ-
ing demographic data, relevant clinical laboratory data including concurrent Gram
stain results and culture results, specimen type, clinical indications, antibiotic treat-
ment decisions, inpatient status, and hospitalization outcomes. We considered other
laboratory tests to be concurrent with the specimen sent for universal PCR if either the
same specimen was utilized for both assays or if both specimens were retrieved from
the same location during the same surgical procedure. We relied on clinical judgement
by physicians treating the patient to determine if the detected organism was considered
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clinically relevant or if it may represent an irrelevant organism such as a commensal
organism or a presumed contaminant.

All analyses were performed using R 3.5.1 (R Foundation for Statistical Computing,
Vienna, Austria) and RStudio 1.1.463 (Posit, Boston, MA, USA). Population proportion
confidence intervals were calculated to determine 95% confidence intervals for PCR
positivity rates for different populations. A chi-squared test, odds ratio, or unpaired
Student’s t-test was used for comparisons. P values were then corrected for multiple
comparisons using the Benjamini-Hochberg method, and a corrected p value of < 0.05
was considered to be statistically significant. The Beth Israel Deaconess Medical Center
Institutional Review Board reviewed the study protocol and determined it to be exempt
(protocol no. 2017D000478).

RESULTS

Over the 10-year period from January 2013 to November 2022, a total of 708 speci-
mens from 638 patients (637 adult patients and 1 neonatal) were sent to our reference
laboratory for universal PCR. Of those, 574 were tested for bacteria, 321 for mycobacteria,
and 294 for fungi. A total of 54 patients had more than one specimen tested via universal
PCR during the study period. Universal PCR specimens had a median turnaround time of
11 days from order to result (interquartile range of 8-14 days) regardless of the type of
universal PCR testing. The overall positivity rate was 23% (163/708, 95% Cl: 20%-26%).
The positivity rate for those tested for bacteria was 19% (109/574, 95% Cl: 16%-22%),
for mycobacteria was 6% (18/321, 95% Cl: 3.1%-8.1%), and for fungi was 14% (40/294,
95% Cl: 9.7%-18%) (Fig. 1A).

We examined whether other laboratory tests performed on specimens sent for
universal PCR were associated with a positive PCR result (Table 1), including Gram stain
results and results of concurrent histopathology slides examined in surgical pathology.
The presence of organisms on Gram stain [23/44 positive, 52% (95% Cl: 38%—-67%)] was
associated with positive universal PCR results (P < 0.05), and the absence of neutrophils
on Gram stain [29/207 positive, 14% (95% Cl: 9%-19%)] was negatively associated
with positive universal PCR results (P < 0.05). We observed no significant difference
in positivity rate between paraffin-embedded blocks and fresh frozen tissue. However,
the presence of organisms seen on histology slides [34/73 positive, 47% (95% Cl: 35%-—
58%)] was also significantly associated with a positive universal PCR result (P < 0.05).
The presence of granulomata on histology was not associated with a positive PCR result.
Having an organism detected on a prior specimen with universal PCR was significantly
associated with a positive result [10/16 positive, 63% (95% Cl: 39%-97%), P < 0.05],
though the results of both PCR tests were concordant in only 40% of cases. Testing a new
specimen following an initial specimen negative via universal PCR was not associated
with a positive result.

Specimens sent for universal PCR had concurrent cultures taken in 656 cases (93%),
with 154/656 (23%) of those cultures positive for an organism. Having a culture positive
for any organism was significantly associated with positive universal PCR results [53/154
positive, 34% (95% Cl: 27%-42%), P < 0.05]. Of those cases with a positive culture and a
positive universal PCR result, there was concordance between those results for organism
identification in 36/53 (68%) of cases. Positive cultures resulted sooner than universal
PCR results in 32/53 (60%) of cases, including 19/36 (53%) of concordant cases.

A variety of specimen types were sent for universal PCR analysis. These included
artery, bronchoalveolar lavage/sputum (BAL), bone, brain (including dura and meninges),
breast, cerebrospinal fluid, digits, intervertebral disc, epidural tissues, foreign bodies,
joints, liver, lungs, lymph node, pericardium, peritoneum, pleura, skin, soft tissues/mus-
cles, heart valves, vitreous, esophagus, fallopian tube, bowel, bone marrow, uterus,
and myocardium. Joint (including tissue and fluid) and bone tissue specimens were
most frequent, with 165 and 148 specimens sent, respectively. Specimen types varied
considerably in the overall positivity rates (Fig. 1B; Table S1). The highest positivity rates
were seen in bronchoalveolar lavage/sputum specimens [5/8, 63% (95% Cl: 29%-96%)]
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FIG 1 Total number of specimens sent for universal PCR and positivity rate by pathogen type (A) and specimen source (B). A single specimen could be sent for

more than one universal PCR at a time. Error bars represent the 95% population proportion confidence intervals for positive results.

and heart valves [11/19, 58% (95% Cl: 36%-80%)], while no positives were seen with digit
or pericardial tissue/fluid specimens.

Likewise, clinical indications for testing varied considerably. The clinical indications
for testing included osteomyelitis, septic arthritis, abscess, granulomata seen on
surgical pathology, mass/lesion, endocarditis, pneumonia, cellulitis, lymphadenopathy,
pericardial or pleural effusion, arteritis, meningitis, peritonitis, sinusitis, aplastic anemia,
endophthalmitis, or a non-healing surgical wound. The highest positivity rate was noted
for endocarditis [11/23 positive, 48%, (95% Cl: 27%-68%)]. A complete table of positivity
rates for specimen sources broken down by clinical indication and pathogen type is
given in Table S1.

A total of 76% of all patients with positive universal PCR results were on empiric
antimicrobial therapy prior to receiving results of the assay. Following the reporting of
universal PCR results to the electronic medical record, clinicians considered the universal
PCR result to be a clinically irrelevant organism in 33/163 (20%, 95% Cl: 14%-26%)
PCR positive cases (Fig. 2A). When broken down by specimen type, bronchoalveolar
lavage/sputum specimens were considered to have the highest rate of clinical insignifi-
cance, with 4/5 (80%, 95% Cl: 45%-100%) positive PCRs considered to be the result of
a suspected contaminant or commensal organism (Fig. 2B). Then, 48/163 (29%, 95% ClI:
22%-36%) positive results led to a change in antimicrobial management. Positive results
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TABLE 1 Pre-analytic determinants of positive universal PCR results®

Total specimens Total positives by universal PCR Percent positive (95% Cls) Corrected P value
Total 708 163 23% (20%-26%) --
Female gender 342 73 21% (17%-26%) 0.79
Age >50 498 113 23% (19%-26%) 0.97
Hardware present 160 35 22% (15%-28%) 0.97
Gram stain organisms present 44 23 52% (38%-67%) 0.0001
Neutrophils absent on gram stain 178 29 16% (11%-22%) 0.047
Culture positive 154 53 34% (27%-42%) 0.018
Prior universal PCR positive 16 10 63% (39%-97%) 0.013
Organisms seen on histology 73 34 47% (35%-58%) 0.0001
Granuloma on histology 72 12 17% (8%—-25%) 0.62
Formalin fixed tissue 68 22 32% (21%-43%) 0.40
Outpatient 115 27 23% (16%-31%) 0.97
Inpatient 593 136 23% (20%-26%) 0.97

“Boldface indicates significant p values, -- indicates p value does not apply

led to a change in antibiotic management in 5/5 cases (100%) of intervertebral discs
and 8/11 (72%, 95% Cl: 46%-98%) of heart valves, while certain specimen types such as
liver, brain, and BAL did not have any results that lead to a change in patient manage-
ment. Reasons that the antimicrobial management was not changed include the patient
already being on appropriate empiric therapy [68/163, 42% (95% Cl: 34%-50%)], the
patient improving without antibiotic intervention [8/163, 5% (95% Cl: 2%-8%)], awaiting
mycobacterial susceptibility results from a concurrently submitted culture [2/163, 2%
(95% Cl: 0%-4%)], or patient discharge to hospice or death prior to the return of the
results [4/163, 3% (95% Cl: 1%-5%)].

We next determined whether a positive universal PCR result was associated with
particular hospitalization outcomes. Of the 708 total specimens, 593 were from
inpatients and 115 were from outpatients, with 136/593 (23%, 95% Cl: 16%-31%) and
27/115 (23%, 95% Cl: 20%-26%) being positive, respectively. From the time of specimen
collection, universal PCR results from inpatients took a median of 11 days to return
(interquartile range of 8-14 days) for all three types of universal PCR, regardless of
positive or negative results. A total of 76% (95% Cl: 72%-79%) of the results returned
after the patient was discharged from the hospital. Among inpatients who were tested
via universal PCR, 13/593 (2%, 95% Cl: 1%-4%) died, 204/593 (34%, 95% Cl: 31%-38%)
required discharge to extended care facilities, including rehabilitation services and
hospice care, and 123/593 (21%, 95% Cl: 17%-24%) were readmitted to the hospital
within 30 days of discharge. Universal PCR results returning prior to hospital discharge
did not significantly affect hospitalization outcomes such as mortality and discharge to
rehab services compared to patients whose results did not return until after discharge.

A positive universal PCR for fungi was significantly associated with increased hospital
mortality [Odds ratio (OR) 7.65 (95% Cl: 1.80-32.4), P < 0.05] (Fig. 3). A positive fungal PCR
result was not significantly associated with discharge to rehabilitation or hospice care
facilities [OR 2.38 (95% Cl: 1.10-5.18, P = 0.052)] or readmission within 30 days follow-
ing hospital discharge [OR 2.09 (95% Cl 0.93-4.76), P = 0.07]. There were no signifi-
cant differences in hospital mortality, discharge to rehabilitation or hospice facilities,
or hospital readmission within 30 days among inpatients with positive bacterial or
mycobacterial results. There were no significant differences in hospitalization length of
stay associated with positive results for bacteria, mycobacteria, or fungi.

Finally, we aimed to determine the cost associated with universal PCR testing
by determining the budgetary cost of testing per positive result and per change in
antibiotic management. Over the study period, our institution paid an average of $268
per bacterial PCR, $496 per mycobacterial PCR, and $439 per fungal PCR (Table 2).
A reflex to NGS costs an additional $986, though an exact count of the number of
specimens sent for reflex was not available and this cost was excluded from analysis.

December 2023 Volume 61 Issue 12 10.1128/jcm.00952-23 5


https://doi.org/10.1128/jcm.00952-23

Full-Length Text Journal of Clinical Microbiology

' >

% et -Clinically irrelevant organism

-.% 75.- |:|Change in antimicrobial treatment

; I:lPatient remained on empiric treatment

g 50- I:l Patient improving without antimicrobial treatment
§ " |:|Antimicrobials held pending susceptibility results
E - Patient transitioned to comfort care only

§ 0. -Death prior to results returning

ol

100-

&
@0
c
K
=
8 75-
° _
=
=
3
8 50-
o _
O
o
5 25-
-
C
@
5 o L I
n- I I I I I I I I I I I
@ @ e () ) ) & > NS Q &
IS N 5 N; IS NS %) § 3 < &
& Qé“ 6‘5 @” S \\éﬂ O ,Qg 2 0 ng,
& $ & $§ &
N @ IS
N
~
o
S 100- .
k2]
c — -
0
®
8 75-
° _
=
=
8
g 50-
o
@)
o
5 25-
<
@
5]
& o0- 11— SUNE—
D- ' ' ' ' ' ' ' ' ' !
O 5 S S S ~ & @ S 5
.9 4 N S s N S ()
SR SEE g ¢ & &
N § ® 3 S
@ &> N @
< < & &

FIG 2 Management decisions made by the clinical team based on positive universal PCR results by pathogen type (A) and specimen source (B). Error bars
represent the 95% population proportion confidence intervals for positive results. Antimicrobial course was not changed in the case of death, transition to

comfort care, patient improvement without intervention, satisfactory empiric treatment, or presumed contamination of the universal PCR sample.
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TABLE 2 Budgetary cost associated with universal PCR testing

Journal of Clinical Microbiology

Total positive Positive tests with a change

Cost per positive Cost per change in patient

Test type Cost per test (USD) Total tests sent (n) tests (n) in patient management (n) test (USD) management (USD)
Total $624 708 163 48 $2,712 $9,211

Bacteria $268 574 109 36 $1,411 $4,273
Mycobacteria $496 321 18 5 $8,845 $31,843

Fungi $439 294 40 9 $3,227 $14,341

Because many specimens were ordered for more than one type of PCR, an average
specimen costs $624 for overall testing. The average cost per positive PCR result was
$1,411, $8,845, and $3,227 for bacteria, mycobacteria, and fungal PCR, respectively, for an
overall cost per positive specimen of $2,712. For those positive results that led to a
change in patient management, the cost per change in patient antibiotic regimen was
$4,273, $31,843, and $14,341 for bacterial, mycobacterial, and fungal PCR, respectively,
for an overall cost per change in antibiotic management of $9,211.

DISCUSSION

In this study, we examined the clinical factors associated with positive universal PCR
results as well as associated hospitalization outcomes. In line with prior literature, we
found that positive Gram stain results or histology results, neutrophils on Gram stain, and
growth in culture were all significantly associated with positive universal PCR results (25,
31).

Our clinicians ordered universal PCR on a wide variety of specimen types, most
frequently in the case of orthopedic infections. We found that although it was the most
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frequently ordered, orthopedic specimens such as joint tissues and fluids, bone, and
intervertebral discs were among the least likely specimens to return positive. While
less frequently ordered, heart valves were among the highest positivity rates and most
frequently led to changes in antibiotic management. These findings are in line with the
current literature demonstrating the great utility of universal PCR for endocarditis so
much so that some studies have even suggested that universal PCR be incorporated as
part of the modified Duke’s criteria for diagnosis of infective endocarditis (22).

In our cohort, 20% of all positive universal PCR results were considered clinically
irrelevant by clinical teams. We relied on clinical judgement about whether a positive
universal PCR result represented a true infection or clinically irrelevant organism. We
believe that the fraction of results considered clinically irrelevant was actually underesti-
mated in our data set due to clinicians potentially over-treating insignificant organisms
detected on universal PCR out of an abundance of caution (Note that PCR disagreed with
culture-based identification in 32% of cases). With a lack of gold standard in determining
whether the resulting organism is truly causative of infection, universal PCR will likely
continue to produce organism identifications that will present a clinical dilemma over
whether to treat. Indeed, many of the changes in antibiotic regimens occurred when
universal PCR results detected common commensals, such as Cutibacterium acnes or
Corynebacterium species. While we did not evaluate the appropriateness of change
in antimicrobials directly, these antibiotic changes may have had a negative impact
on patient management, including drug side effects and IV infusion center costs, and
antimicrobial stewardship programs.

Among patients with positive universal PCR results, only 29% of results led to a
change in antibiotic management. The impact of positive universal PCR results on
antibiotic management varies widely in the literature, with studies showing a change
in management in 5% to 76% of cases (16, 24, 25, 32). The majority of our patients were
on empiric treatment prior to universal PCR results, and so clinicians must consider the
value that universal PCR brings to potentially changing or narrowing treatment and how
strongly that will impact their patients’ care. A limitation of this study is that we were
unable to perform a similar analysis to determine the changes in antibiotic management
that may have resulted from a negative universal PCR result. While positive universal
PCR results were invariably acknowledged in clinician notes, negative results were less
frequently documented and therefore could not be directly correlated with treatment
decisions. This may be a fruitful topic for future work.

We found that positive results from universal PCR for fungi were associated with
worse hospital outcomes. A total of 4/30 (13%) positive cases in hospitalized inpatients
were associated with patient death, and 15/30 (50%) cases required discharge to
extended care facilities or hospice although such trends fell short of significance at the
level of P < 0.05 after correction for multiple hypothesis testings. These findings likely
reflect that patients with occult fungal infections are likely to be sicker with more severe
systemic illness compared to patients without infections as the etiology of their disease.

There were no circumstances in which a positive result of universal PCR led
to demonstrable improvements in hospitalization outcomes. Patients with positive
universal PCR results for bacteria and mycobacteria did not have any change in hospital
mortality, discharge to extended care facilities, readmission within 30 days, or length
of stay. However, our universal PCR results took a median of 11 days from specimen
collection to result, and 76% of hospitalized patients were discharged before the
results returned. When considering the utility of this assay, turnaround time is a critical
component. In rare instances, results took several months to return to the hospital,
though these outliers were related to post-analytical reporting delays to our hospital.
With improvements in turnaround time through the development of commercialized
assays, it is possible that earlier time to appropriate antimicrobial intervention may be
able to improve hospitalization outcomes (9, 13). However, many of these patients were
treated empirically with broad-range antibiotics prior to results and it can be difficult
to parse out specific improvements that occurred as a result of potentially narrowing
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coverage. It can be challenging to quantify other metrics of improper antibiotic use such
as medication side effects, excess healthcare cost, and the promotion of resistance based
on a retrospective analysis. With that said, universal PCR data may also prove valuable
to infection control for epidemiologic studies; for example, in our hospital network, a
cluster of four cases of Acinetobacter junii detected in orthopedic specimens in 2022
prompted an internal infection control investigation to identify potential sources of OR
contamination to reduce false-positive rates. With further analysis, we were able to rule
out orthopedic ORs as the source of contamination.

We found that with an average cost of $624 per specimen, ordering universal PCR
costed an average of $2,712 to identify a single positive specimen and $9,210 to lead
to a change in patient management following that positive result. Understanding the
true contribution of a test cost to the overall healthcare cost for a patient can be
complex. While the test cost to the microbiology laboratory associated with a single
change in management may be greater than $30,000 as in the case of mycobacteria,
when balanced against the cost of hospitalization, treatment regimens, ancillary testing,
and other budgetary factors, these tests may still result in a net positive savings to the
hospital at large.

Our findings here have provided a foundation of data for our institution to demon-
strate to clinicians the costs and value of ordering this test for specific patient scenar-
ios. Over-utilization of laboratory tests is at its highest for initial diagnostic testing
with low-volume tests with subjective ordering criteria, as is currently the case of
universal PCR (33). Given the significant variation in ordering and treatment practices
currently among physicians, there will continue to be fluctuations in positivity rates
and changes in antimicrobial practice from institution to institution until standardized
objective guidelines are established for the use of this technology. To that end, a recent
study assigning specimens a numeric score based on the amount of visualized inflam-
mation or organisms on Gram stain and histopathology results found that low-scoring
specimens tended to have lower positivity rates of universal PCR and lower rates of
change in antibiotic management compared to those with a higher score (34). Our
results complement such an approach by methodically examining clinical scenarios and
specimen sources as well as outcome-based data to determine the pre-test probabil-
ity of a positive assay and its potential to change management by objective criteria.
Altering the ordering behaviors of clinical practices for these tests can be a complex and
gradual process, but the foundation of standardizing ordering behaviors lies in a rigorous
examination of the data from all relevant perspectives, including cost, positivity rates,
and outcomes, to reassure clinical teams that stewardship decisions are made objectively
in the best interests of their patients.
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