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Abstract

Introduction: Antimicrobial susceptibility is well characterized in monomicrobial infections,
but bacterial species often coexist with other bacterial species. Antimicrobial susceptibility is
often tested against single bacterial isolates; this approach ignores interactions between cohabiting
bacteria that could impact susceptibility. Here, we use Pooled Antibiotic Susceptibility Testing to
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compare antimicrobial susceptibility patterns exhibited by polymicrobial and monomicrobial urine
specimens obtained from patients with urinary tract infection symptoms.

Methods: Urine samples were collected from patients who had symptoms consistent with a
urinary tract infection. Multiplex polymerase chain reaction testing was performed to identify
and quantify 31 bacterial species. Antibiotic susceptibility was determined using a novel Pooled
Antibiotic Susceptibility Testing method. Antibiotic resistance rates in polymicrobial specimens
were compared with those in monomicrobial infections. Using a logistic model, resistance rates
were estimated when specific bacterial species were present. To assess interactions between pairs
of bacteria, the predicted resistance rates were compared when a pair of bacterial species were
present versus when just one bacterial species was present.

Results: Urine specimens were collected from 3,124 patients with symptoms of urinary tract
infection. Of these, multiplex polymerase chain reaction testing detected bacteria in 61.1% (1910)
of specimens. Pooled Antibiotic Susceptibility Testing results were available for 70.8% (1352) of
these positive specimens. Of these positive specimens, 43.9% (594) were monomicrobial, while
56.1% (758) were polymicrobial. The odds of resistance to ampicillin (p = 0.005), amoxicillin/
clavulanate (p = 0.008), five different cephalosporins, vancomycin (p = <0.0001), and tetracycline
(p = 0.010) increased with each additional species present in a polymicrobial specimen. In
contrast, the odds of resistance to piperacillin/tazobactam decreased by 75% for each additional
species present (95% CI 0.61, 0.94, p = 0.010). For one or more antibiotics tested, thirteen pairs
of bacterial species exhibited statistically significant interactions compared with the expected
resistance rate obtained with the Highest Single Agent Principle and Union Principle.

Conclusion: Bacterial interactions in polymicrobial specimens can result in antimicrobial
susceptibility patterns that are not detected when bacterial isolates are tested by themselves.
Optimizing an effective treatment regimen for patients with polymicrobial infections may depend
on accurate identification of the constituent species, as well as results obtained by Pooled
Antibiotic Susceptibility Testing.
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Introduction

The standard of care for diagnosis of Urinary Tract Infections (UTISs) is a Standard Urine
Culture (SUC) along with antimicrobial susceptibility testing, and has served to guide
treatment since the early 1950s. The methodology relies on an “Escherichia coli (E. coli)-
centric” view that perceives UTIs as caused by one or two pathogens[1]. Recent findings,
however, reveal that SUC often misses the vast majority of urinary tract organisms and
uropathogens[2]. This deficiency limits potentially valuable information that should be
provided to the treating clinicians. The nomenclature and basic concepts of UTI are based
on the now disproven dogma that the lower urinary tract is sterile. Even though the mere
presence of an organism should not automatically prompt antibiotic treatment, clinicians will
likely benefit from a more comprehensive report of organisms present in the urine samples
from symptomatic patients.
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With this clinical need in mind, we recently developed a Multiplex Polymerase Chain
Reaction (M-PCR)-based urinary organism detection and analysis method. with primers and
probes explicitly designed against 31 commonly identified UTI-associated bacteria species,
the test not only identify positive organism(s) but also calculate each of their concentrations
in the urine, and has a faster turnaround time than SUC[3].

In parallel, antibiotic resistance has been well-studied in monomicrobial infections, but

is less characterized in polymicrobial infections. It has been reported that up to 39% of
UTI infections are polymicrobial in nature [2-4]. Cological interactions are found to be
potentially crucial for the growth and survival of bacteria in polymicrobial communities.
Even if not all of the organisms are directly pathogenic and associated with UTI symptoms,
the interactions among different species of bacteria can alter responses to antibiotics in
polymicrobial settings, which may have potentially significant clinical impacts [5-8].

Current Antibiotic Susceptibility Testing (AST) ignores bacterial interactions: each
bacterium is tested in isolation against an antibiotic, providing no opportunity to assess
bacterial interactions. Ignoring bacterial interactions can either lead to potential treatment
failure or prevent the use of efficacious antibiotics. Both scenarios can have serious

clinical consequences. Here, we introduce a novel method called Pooled Antibiotic
Susceptibility Testing (P-AST), (patent number 10,160,991), which involves simultaneously
growing all detected bacteria together in the presence of antibiotics and then measuring
susceptibility. Thus, P-AST considers interactions between cohabiting bacterial species.
We obtained urine specimens from patients presenting with UTI-like symptoms to 37
urology clinics. First, we estimated the odds of resistance to 18 antibiotics or antibiotic
combinations relative to increasing numbers of bacterial species in a specimen. We found
that antimicrobial susceptibility patterns in polymicrobial specimens differed from those
observed in monomicrobial specimens. Since standard of care relies on assessment of
antibiotic susceptibility in monomicrobial infections, these findings show that P-AST could
serve as a more accurate predictor of antibiotic susceptibility.

Patient participation and sample handling

This study combines data from two studies of antibiotic resistance patterns in elderly
patients presenting with symptoms consistent with a UTI. Retrospective data and

patient information (Western IRB number 20171870) were obtained from a single site
(Comprehensive Urology, Royal Oak, MI) for 613 patients who presented between March
and July 2018. Prospective data and patient information (Western IRB number 20181661)
were obtained for 2,511 patients who presented at any of 37 geographically disparate
clinics in the United States between July 2018 and February 2019. All subjects met

the following inclusion and exclusion criteria. Inclusion criteria included: symptoms of
acute cystitis, complicated UTI, persistent UTI, recurrent UTI, prostatitis, pyelonephritis,
interstitial cystitis (at any age), symptoms of other conditions at =60 years of age, specimen
volumes sufficient to permit urine culture and Multiplex Polymerase Chain Reaction
(M-PCR) combined with Pooled Antibiotic Sensitivity Testing (P-AST), patient informed
consented, documented times at which the specimens were collected and stabilized with
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boric acid in grey-top tubes. Exclusion criteria included prior participation in this study,
antibiotics taken for any reason other than UTI at the time of enrollment, chronic (=10 days)
indwelling catheters, self-catheterization, and urinary diversion. Antibiotic susceptibility
data were available for 1,352 of the 3,124 patients (43.3%).

DNA extraction and analysis

DNA extraction was performed using the KingFisher/MagMAX™ Automated DNA
Extraction instrument and the MagMAX™ DNA Multi-Sample Ultra Kit (ThermoFisher,
Carlsbad, CA). 400 pL of urine were transferred to 96-well deep-well plates, sealed, and
centrifuged to concentrate the samples, and then the supernatant was removed. Enzyme
Lysis Mix (220 pL/well) was added to the samples, which were then incubated for 20 min
at 65°C. Proteinase K Mix (PK Mix) was added (50 pL/well) and incubated for 30 min at
65°C. Lysis buffer (125 uL/well) and DNA Binding Bead Mix (40 uL/well) were added, and
the samples were vortexed for a minimum of 5 min. Each 96-well plate was loaded into

the KingFisher/MagMAX Automated DNA Extraction instrument, which was operated in
accordance with standard operating procedures.

DNA analysis was conducted using the Guidance® UTI Test (Pathnostics, Irvine, CA). .
Samples were mixed with universal PCR master mix and amplified using TagMan
technology on the Life Technologies 12K Flex OpenArray System™ (Life Technologies,
Carlsbad, CA). DNA samples were spotted in duplicate on 112-format OpenArray chips.
Plasmids unique to each bacterial species being tested were used as positive controls.
Candida tropicalis was used as an inhibition control. A data analysis tool developed by
Pathnostics was used to sort data, assess the quality of data, summarize control sample
data, identify positive assays, calculate concentrations, and generate draft reports. Probes
and primers were used to detect the following bacteria through M-PCR: A. baumannii,

A. schaalii, A. urinae, A. omnicolens, C. freundii, C. koseri, C. riegelii, K. aerogenes, E.
faecalis, E. coli, K. oxytoca, K. pneumoniae, M. morganii, M. tuberculosis, M. genitalium,
M. hominis, P. agglomerans, P mirabilis, P. stuartii, P. aeruginosa, S. marcescens, S.
aureus, S. agalactiae, and U. urealyticum. Probes and primers also were used to detect

the following bacterial groups: Coagulase negative staphylococci (CoNS) (S. epidermidis, S.
haemolyticus, S. lugdunensis, Staphylococcus saprophyticus); Viridans group streptococci
(VGS) (S. anginosus, S. oralis, S. pasteuranus). The quantities of each of the detected
bacterial species were determined using the standard curve method: first, standard curves
of each of the bacterial species were generated from testing replicates of dilution series

of known concentrations of each of the calibrator bacteria; constants necessary for the
quantitation of each of the bacterial species in unknown samples, such as slope and
intercept, were established from each of the standard curves; then PCR Ct values of a
target bacteria species from an unknown sample were compared to the standard curve, and
the concentration of the target bacteria species (cells/ul) present in an unknown sample was
extrapolate and determined. Bacteria with quantity of 210,000 cells/mL were defined as
positive, and bacteria with quantity < 10,000 cells/mL were defined as negative.

J Surg Urol. Author manuscript; available in PMC 2022 November 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Vollstedt et al. Page 5

Pooled - Antibiotic Susceptibility Testing

P-AST was performed by aliquoting 1 mL of patient urine specimen into a 1.7 mL
microcentrifuge tube. After centrifugation, the supernatant was aspirated and discarded,
leaving approximately 500 pL of patient sample in the microcentrifuge tube. One mL

of Mueller Hinton Growth Media was then aliquoted into the patient sample in the
microcentrifuge tube and the tubes were incubated at 35°C in a non-CO, incubator for 6
hours. Mueller Hinton Agar was used as a negative control. Those samples that reached a
minimum threshold of 10,000 cells/mL were then diluted by aliquoting 0.5 mL of sample
into a 50 mL conical tube containing Mueller Hinton Growth Media. 96-well plates pre-
loaded with antibiotics were then inoculated with diluted samples and incubated along with
control plates for 12-16 hours at 35°C in a single layer. Optical density of samples was then
read on a DensiCHEK plate reader™ (BioMerieux, Marcy-I’Etoile, France).

AST is currently unavailable for 2 agglomerans, U. urealyticum, A. schaalii, A. urinae, A.
omnicolens, C. riegelii, M. hominis, and M. genitalium, M. tuberculosis, S. anginosus, U.
urealyticum, and VGS, due to fastidious in vitro growth characteristics.

Statistical Methods

Logistic regression was used to compare resistance rates in monomicrobial and
polymicrobial infections. Specifically,18 different logistic regression models were fit to

the data: the response variable was an indicator of whether the specimen was resistant to

the specific antibiotic or not and the predictor variable was an indicator of whether the
infection was monomicrobial or polymicrobial. Specimens were classified as monomicrobial
if a single bacterial species was detected above the 10000 cells/mL threshold; they were
classified as polymicrobial if two or more distinct bacteria species were detected above that
threshold. Similar logistic regression models also were run, using the number of distinct
bacterial species as the predictor variable.

Interactions between pairs of bacterial species were investigated using a logistic regression
model to predict resistance in the presence of specific bacterial species. In this model,

the response was an indicator variable of resistance and the predictor variables were 16
indicators of the presence of the following bacterial species or groups that tested positive
in at least 30 samples; these were A. schaalii, A. urinae, A. omnicolens, CoNS, C. riegelii,
E. faecalis, E. coli, K. oxytoca, K. pneumoniae, M. morganii, P. mirabilis, P. aeruginosa,
S. aureus, S. agalactiae, U. urealyticum, and VGS. A backward stepwise model selection
was performed on the model with all main effects and all pairwise interactions using an
enter significance level of a=0.10 and an exit significance level of a=0.05 to obtain the
best fitting model. This model was used to predict resistance rates when a specific bacterial
species was present or when a specific pair of species was present.

Using the logistic regression model described above, the resistance rate for a pair of species
was compared to the resistance rates for each species alone. Two different principles were
applied to calculate the expected resistance rate to a pair of species that do not interact: (a)
Highest Single Agent Principle (HSAP) (a commonly used model for drug interactions) and
(b) Union Principle (UP) (also used to model drug interactions).
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Using the HSAP, a pair of species was considered to have an interaction if the resistance rate
of the pair of species was statistically different from the highest resistance rate of each of
the two species alone. This model is based on the idea that a pooled specimen containing
two species will survive application of a specific antibiotic only if the more resistant species
survives. When an antibiotic is applied to the pool, it may kill off species A, but if species B
survives, the pool is called resistant.

The UP assumes a pair of bacteria (species A and B) is made up of one genetic variant of
species A and one genetic variant of species B, and that the pool is resistant if either species
A is resistant or if species B is resistant. If species A is resistant with probability P(A), and
species B is resistant with probability P(B), then the probability of resistance of the pool is:

P(pooled resistance) =P(A) + P(B) - P(A) P(B)

This assumes the two species do not interact, and therefore act independently.

Interactions were statistically tested using bootstrapped samples of the 1,352 patients
with antibiotic resistance results; each patient was randomly selected with replacement.

A logistic regression with terms in the best fitting model selected as above was fit to

each bootstrapped sample. The predicted resistance when the pair of species was present
was compared to the predicted resistance to each species alone using the model fit to

the bootstrap sample (assuming either the HSAP or UP). 5000 bootstrapped samples were
generated and analyzed. If 97.5% or greater of the bootstrapped samples demonstrated a
pool resistance higher than expected, the interaction was deemed to show a statistically
significant interaction with increased resistance. If 97.5% or greater of the bootstrapped
samples demonstrated a pool resistance lower than expected, the interaction was deemed to
show a statistically significant interaction with decreased resistance.

Since resistance testing is not generally performed for monomicrobial infections of the
following bacterial species, interactions with these species or groups were not tested: A2
agglomerans, U. urealyticum, A. schaalii, A. urinae, A. omnicolens, C. riegelii, M. hominis,
and M. genitalium, M. tuberculosis, S. anginosus, U. urealyticum, and VGS.

A total of 3,124 patients, from two studies and from 37 geographically disparate urology
clinics in the United States, presenting with symptoms consistent with a UTI, were initially
included in the study. P-AST data were available for 43.3% (1352) of these patients (Figure
1). The demographics and presenting symptoms for these 1352 patients are presented in
Table 1. Their mean age was 75 years. Sixty-six percent (887/1,352) were female, whereas
34% (465/1,352) male.

By M-PCR, 38.9% (1,214/3,124) of the specimens were negative for bacteria, whereas
61.1% (1,910/3,124) were positive. P-AST data were available for 1,352 (70.7%) of
these 1,910 positive specimens,. Of these 1,352 specimens, 43.9% (594/1,352) were
monomicrobial, whereas 56.1% (758/1,352) were polymicrobial.
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Five hundred and fifty eight positive samples lacked antimicrobial susceptibility data for the
following reasons:

1. no species were detected at = 10,000 cells/mL (correlating to colony forming
units/mL) and thus no species were tested against antibiotics;

2. the species detected by PCR were fastidious (i.e., they required specific growth
conditions, extremely restrictive growth conditions, or extreme length of time in
order to perform susceptibility testing);

3. prior antimicrobial use caused bacteria to fail to thrive in the P-AST assay; or

4. species were not identified because the M-PCR reaction was inhibited. M-PCR
inhibition can occur when an interfering substance prevents the amplification and
subsequent detection of the PCR product associated with targeted DNA.

Odds ratios of antibiotic resistance in polymicrobial versus monomicrobial specimens are
shown in Table 2, along with the odds ratio of resistance for each increase in the number of
bacterial species in polymicrobial specimens. The resistance rates of polymicrobial samples
were generally higher than the rates of monomicrobial samples; 10 of 18 antibiotics or
antibiotic combinations had statistically higher resistance rates for polymicrobial samples.
The odds of resistance for each additional species identified in a polymicrobial specimen
increased for ampicillin, amoxicillin/clavulanate, five of the six of the cephalosporins tested,
vancomycin, and tetracycline. The opposite was true for piperacillin/tazobactam, where each
additional species in a polymicrobial specimen resulted in a 75% decrease in the odds of
resistance (95% CI 0.61, 0.94, p = 0.01).

Table 3 shows the effect of specific species interactions on the probability of increased

or decreased resistance to each antibiotic tested. No interactions were detected for
nitrofurantoin and piperacillin/tazobactam. Whereas the odds of resistance to ampicillin,
amoxicillin/clavulanate, 6 different cephalosporins, vancomycin, and tetracycline increased
with increasing number of detected species, There were 19 instances for which 11 of the 13
bacterial pairs resulted in reduced susceptibility to the same antibiotics.

Using HSAP, there were 44 instances for which 13 pairs of bacteria showed statistically
significant interactions that either increased or decreased the probability of resistance to

the antibiotics tested. According to the HSAP principle, most interactions resulted in a
decreased probability of resistance. Only 6/44 (13.6%) pairings resulted in increased odds of
antibiotic resistance, whereas a decreased probability occurred in 38/44 (86.4%) of pairings.

The bacterial combinations that increased the probability of antibiotic resistance according
to the HSAP model were E. faecalis and K. pneumoniae (amoxicillin/clavulanate, p = 0.02
and ampicillin/sulbactam, p = 0.03), £. coliand K. pneumoniae (ampicillin/sulbactam, p =
0.04 and cefaclor, p = 0.05), CoNS and £. coliand (levofloxacin, p < 0.001), £. faecalis and
S. agalactiae (tetracycline, p < 0.001).

The UP model identified 49 statistically significant interactions, all of which showed
decreased probability of resistance to the antibiotics tested.
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To illustrate the model, one specific pair is presented in graphical form. Figure 2 shows

the predicted probabilities of resistance to ampicillin/sulbactam, cefaclor, and tetracycline
by monomicrobial positive cultures for £. coliand K. pneumoniae and a polymicrobial
culture positive for both £. coliand K. pneumoniae. When the HSAP model was used,

the pairing of £. coliand K. pneumoniae resulted in either a significant increase or
significant decrease in the probability of resistance depending on the antibiotic tested. For
example,when ampicillin/sulbactam or cefaclor was applied to the the combination of £.
coliand K. pneumoniae, the resistance rate was higher than either £. colior K. pneumoniae
alone. In contrast, the resistance rate to tetracycline of the same combination of species, £.
coliand K. pneumoniae, was intermediate between the resistance rates to each species alone.

Discussion

These results demonstrate that polymicrobial infections, which constituted 56.1%
(758/1,352) of positive samples with susceptibility results, can alter response to antibiotics.
This alteration in susceptibility is associated with specific bacterial combinations, the
antibiotic tested and the number of bacteria in the polymicrobial sample.

There is a growing concern that the number of multiresistant strains of bacteria is increasing
despite the addition of antibiotic stewardship programs. In the polymicrobial sample, we
see the effect of the increased resistance due to the presence of multiple resistance genes

in that the odds of resistance increased per each organism added for 2 penicillin antibiotics,
5 cephalosporine, vancomycin, and tetracycline. Previous studies show that clinical isolates
can protect other species from antibiotics with various interactions demonstrating a higher
than a 3.5-fold increase in antimicrobial tolerance [8]. In the case of penicillin’s and
cephalosporins, the whole population may be protected by the ability of a single resistant
bacteria species, by breaking down the penicillin or cephalosporine with p-lactamase
inhibitor [9]. The likelihood of the polymicrobial sample containing such a protective
species increases with each additional bacterial species added to the polymicrobial mix.
Additionally, antibiotic resistance can be conferred by one bacterium on another bacterium
through Horizontal Gene Transfer (HGT) of antibiotic resistance genes [10].

Increasing the complexity of the interactions, thirteen specific bacterial pairs had one

or more significant interactions when tested in the presence of 16 of the 18 antibiotics

or antibiotic combinations using HSAP and UP. Of these interactions, 38 resulted in

a decreased probability of resistance, while 6 resulted in an increased probability of
resistance. The combination of £. coliand K. pneumoniae resulted in an increased
probability of resistance to ampicillin/sulbactam and cefaclor, but decreased probability
of resistance to tetracycline. E. faecalis together with K. pneumoniae resulted in
increased resistance to amoxicillin/clavulanate and ampicillin/sulbactam, but decreased
resistance to levofloxacin, meropenem, and tetracycline. £. faecalis combined with S.
agalactiae produced an increase in resistance to tetracycline, but decreased resistance to
ampicillin and vancomycin. Similarly, the combination of CoNS and £. coliproduced an
increased probability in resistance to levofloxacin, but the same combination produced

a decreased probability in resistance to amoxicillin/clavulanate, ceftriaxone, tetracycline,
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and trimethoprim/sulfamethoxazole. These differences may be attributed to the unique
mechanisms of action of the specific antibiotics.

A similar set of contrasts is observed from the perspective of individual antibiotics. Different
pairs of bacteria caused both increased and decreased resistance to amoxicillin/clavulanate,
ampicillin/sulbactam, cefaclor, levofloxacin, and tetracycline. For instance, £. coli combined
with K. pneumoniae produced an increase in resistance to cefaclor, while £. coli combined
with P mirabilis produced a decrease in resistance to cefaclor. These results highlight the
importance of accurate identification of bacteria in polymicrobial infections: a difference in
identification of one species can influence antibiotic resistance.

The observed effects on antibiotic resistance in polymicrobial infections may be due

to cooperative and/or competitive interactions between bacteria. Resistant bacteria can
cooperatively protect susceptible bacteria by degrading antibiotics, as occurs when secreted
beta-lactamase degrades beta-lactam antibiotics [11]. Antibiotic resistance can be conferred
by one bacterium on another bacterium by means of horizontal gene transfer (HGT) of
antibiotic resistance genes [10]. Bacterial interactions with host macrophages can promote
HGT. For instance, £ aeruginosa, when present in biofilms, produces extracellular DNA
that induces neutrophils to produce pro-inflammatory cytokines (IL-8 and IL-1 beta).

The ensuing inflammation can promote HGT involving £. coli[12]. Interestingly, some
antibiotics can also promote HGT: antibiotics that cause bacterial lysis release DNA and
proteins that can be taken up by other bacteria [12]. In addition, one bacterium can stimulate
gene expression in another bacterium, resulting in upregulation of efflux pumps leading

to increased antibiotic resistance [7]. Bacterial community spatial structuring within a
polymicrobial biofilm may also affect the efficacy of antibiotics [13,14].

Decreased resistance to antibiotics in polymicrobial specimens may also be due to
competitive mechanisms between bacteria. 2. aeruginosa has been documented to produce
antibiotics, whereas Enterococcus species produce and secrete bacteriocins [15,16]. Gram-
negative bacteria have developed a number of specialized secretion systems that can perform
protective functions. Type V secretion systems secrete proteases that digest IgA, surface
receptors that bind the constant region of 1gG, and virulence factor/adhesin proteins that
promote colonization [17-20]. Type VI secretion systems allow Gram-negative bacteria to
secrete antibacterial toxins directly into other bacteria [21,22]. At the same time, Type VI
systems mediate DNA acquisition via HGT; an example is the capacity for A. baumanniito
rapidly acquire resistance genes from £. coli by means of Type VI transfer systems [23,24].

One type of bacterial interaction can cause a paradoxical result: cross-feeding between
bacteria can produce decreased antibiotic resistance. This may explain our observed
decreased probability of antibiotic resistance seen in most specific organism combinations.
Cross-feeding is a process by which one organism produces metabolites that promote the
survival of another organism [25,26]. However, this interaction can produce a chain of
dependencies, leaving the entire chain only as resistant as the most susceptible bacterium.
Adamowicz et al. [7] showed that bacterial species were inhibited at significantly lower
antibiotic concentrations in cross-feeding communities than in monoculture, coined as the
“weakest link” model.
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None of these potentially important changes of drug responses would be captured through
routine ATS testings done on bacterium in isolation. There is growing evidence that testing
the bacterium in association with other organisms may improve clinical outcomes. In a
retrospective research study involving 66,383 subjects cared for by house-call health care
physicians, subjects with possible UTI were split into 2 cohorts; one treated based upon the
results from SUC and an assay incorporating P-AST. The complete number of emergency
department and hospitalization visits were compared. The P-AST cohort was associated with
a significant decrease in hospital admissions and/or emergency department as compard to
the SUC cohort [27].

Strengths of the study include the large number of samples coming from multiple urology
clinics across the United States. Additionally, interactions were analyzed using specimens
collected from the clinical setting.

Conclusions

Bacteria are social organisms that interact within and between species. Key interactions
play critical roles in the growth, pathogenesis, and virulence of bacterial species. Because

of these key and specific interactions, correct identification of bacterial species increases

in significance. In order to accurately assess these interactions and provide clinical context,
we have developed P-AST, a pooled antibiotic susceptibility test. Using this methodology,
we observed both increased and decreased antibiotic susceptibility based on the type

of species observed, as well as the class of antibiotic administered. Elucidation of the
molecular mechanisms by which alterations in antibiotic response occur in polymicrobial
infections will require additional research. Based on these findings, P-AST testing might
more closely approximate the polymicrobial environment in the patient and possibly provide
more clinically important information regarding antibiotic susceptibility. Clinical studies
will need to be conducted and are underway to analyze clinical outcome benefits and/or cost
effectiveness if results from the P-AST testing are to impact clinical antibiotic selections.
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3124 patients
1214 (38.9%) 1910 (61.1%)
patients negative for patients positive for
bacteria bacteria
558 (29.2%) 1352 (70.7%)
patients without antibiotic patients with antibiotic
succeptibility data succeptibility data
594 (43.9%) 758 (56.1%)
patients with patients with

monomicrobial sample

polymicrobial sample

Y

Y

Figure 1:
Flow chart of patient samples.
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Figure 2:
The effects of £. coliand K. pneumoniae interactions on resistance to ampicillin/sulbactam,

cefaclor, and tetracycline (p = 0.05).
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Demographics and symptoms.

Parameter A(Ill\liligjszc)ts
Age (years)
Mean (SD) 74.9 (8.5)
Median 75
Min, Max 31.0,100.0
Sex —n (%)
Male 465 (34.4%)
Female 887 (65.6%)
Baseline Symptoms — n (%0)
Burning sensation when urinating 474 (35.1%)
Urinating incontinence 459 (34.0%)
Cloudy or strong-smelting urine 267 (19.8%)
Pain 260 (19.2%)
- Abdominal 119 (8.8%)
- Flank 47 (3.5%)
- Lower back 67 (5.0%)
- Base of penis or Behind scrotum 7 (0.5%)
Pelvic discomfort 161 (11.9%)
Lower grade fever 23 (1.7%)
Frequency 475 (35.1%)
Urgency 515 (38.1%)
Nocturia 456 (33.7%)
Baseline Atypical Symptoms — n (%)
Acute change in mentation 24 (1.8%)

J Surg Urol. Author manuscript; available in PMC 2022 November 21.

Table 1:

Page 15



Page 16

\ollstedt et al.

L0100 (0zT'20T) 11T X700 (LgT'20T) 92T sauljoAoenaL
sauljoAoens)
G20 (80'T 'v20) 06'0 60 (59T '¥9°0) €0'T UIoJuBINIWHIN
sueanjol|IN
G20 (11260 50T €10 (€51 '56°0) 02T UI2eX0[J0NeT]
Sv'0 (zT'T'96'0) €0'T 110 (T9'1'96'0) 02'T urgexopyoldi
sauojoutboaoin|4
8.0 (TT'T'26'0) T0'T €20 (TS'T'06°0) LT'T urdlWelus
sapIS0dA|Boulwy
010 (8T'T'66'0) 80'T 900 (S9'1'66°0) 82'T wauadosa
sweuadeque)
X 00 (8T'T'70T) 60T V00 (95'T'70T) ST'T auoxeLed
010 (ST'T'66'0) L0'T xC00 (zoT'soT) TET awlipizeyad
, 0200 (6T'T'T0T) OT'T £ €000 OLTYTT) VT UIxo4ad
x 9000 (tzT'e0T) 21T %1000 08'T'9T'T) GV'T awindaye)
» 70000 (S2T'20T)STT V000 (ezzT'ITT) 88T uljozeysd
490000 (S2T'90T)ST'T 1000 (LTSt et JojoeeD
suriodsojeydad
L0100 (¥6'0 '15°0) SL°0 210 {1T'T'e1'0) 69°0 wigiorgoze /ut||1oessdid
69°0 (20’7 '16°0) 86'0 €v'0 (2€1'88°0) 60T ajozexoyioweng/wiidoyiauL L
00 (¥T'1'96°0) SO'T Z€0 (ev'1'68°0) €T'T wejoeqIns/ut]|ardwy
, 50000 (9zT'20T)9T'T » 8000 (¥L'T'60'T) 8E'T aleUB|NARID/UIIdIXOWY
suoleuIquwo)d
L, 1000 (r2T's0T) ¥T'T L S000 (0LT'0T'T) €T oldwy
sul[o1uad

anfea-d | sa10ads [euonippy yoe3 10} 80UelSISaY JO o1ty SPPO | anjea-d | [e1qoJd1WouoiA A [e1q0IdIWA|0d 80URISISaY JO oleY SPPO anoIqnuy

Author Manuscript

‘¢ dlgeL

Author Manuscript

"80UR)SISaI 21101GIUE JO SOIR SPPO

Author Manuscript

Author Manuscript

J Surg Urol. Author manuscript; available in PMC 2022 November 21.



Page 17

\ollstedt et al.

“uswioads e U1 $8108ds [e118)08q [BUOIIIPPE YIES 10} 30UEISISA)
1O SOI1_I SPPO S)uasald ¢ UWNjoD suswioads [e1go.o1LOoUOW SNSIBA [elqololwAlod 1oy 80URlSISal JO SOITRS SPPO SIUBsaIdal Z |0 "SPUNOQ [eAISIUI BOUSPIJUOD %4G6 Je sasayiuaied Ul sisquinu ay L

anjea-d Jueoyiubis

1000°0>

(95T 72T) 88T

10000>

(¥8'2'€9T) ST'C

uIdAWoouBA

sapndadodh|o

anfea-d

$9199dS [eUOIIPPY YorT 10j 30URISISAY 4O 011y SPPO | anjea-d | [eIqoAdILIOUOIA ‘A [RIGOAdIWAIOd 30UBlSISOY JO 011y SPPO

nolqRuy

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Surg Urol. Author manuscript; available in PMC 2022 November 21.



1duosnuepy Joyiny 1duosnue Joyiny 1duosnuepy Joyiny

1duosnue Joyiny

Table 3:

\ollstedt et al.

J Surg Urol. Author manuscript; available in PMC 2022 November 21.

Page 18



Page 19

\ollstedt et al.

umoys ase suonoeigul (G0'0 > d) Jueoyubis
Alleoiisne)s ayj AjUO "@aUBJSISal Ul 8SBaII9D B SaJEIIPUI MOLE
PIEMUMOP Y “BOUBISISES Ul BSERIIU UB S8JEPUI MOLE puemdn Uy

wepeqoze] /ulfesadid pue UIojuBINjoIN
110} pUNoj suonoeIAUI Juealyiubis oN

(6%) suonoeiau| a|dioun 4 uoiun Aw

() suonoesaju| Juaby aibuig 1saybiy ||,

44

seEnEEde S § SNOD

€ -”\.@V . Lk
w?__,.m@..v 4 1

KiE L3 L i

SRS
_”n? A:f Mg SNCD

T

i L

& A swoes 38 SNOD

*4i+2

s 509 '3 § SNOD

.Ay\_“ % Sne%08; 3

b

SPQRIY o
'8 syed0ey '3

Yy

ssowbriee o
'S SHedee) '3

o

oswivounoud
Jr. ,._‘. M '§ SUEI9E) F

5

3 L3

P

4 4 AN 10039510008 '3

R
el 2
»
>

"

4 AL

B A 4 1 oegoerebe 'S g 102 '3

W (A L]

il B

o

& |91 SIGRAL o 3 109 3

aeiounaud
&n 6.. HRm2 '3

[TTEYATST-ETAT- Y Y

DOTEXOYJOWENNS AN L

su|jafaese]

usauadosagy

u|ajweLeD
ELE LT, |
u3Exo|joud|s
(L]0 k { JFUTT ]

suwpizeysD

upxojen

' ' HRM2 '3

owidajen
ugjozejal

jo|aujen
e duwy

weprqIng I pIdwy

»
3
-]
»
5
5
e}
L]
-
c
3
g
&

Author Manuscript

Author Manuscript

"80UR)SISaJ 21101G1IUR UO SUONJRISIUI WsIueBio Jo s10813

Author Manuscript Author Manuscript

J Surg Urol. Author manuscript; available in PMC 2022 November 21.



	Abstract
	Introduction
	Methods
	Patient participation and sample handling
	DNA extraction and analysis
	Pooled - Antibiotic Susceptibility Testing
	Statistical Methods

	Results
	Discussion
	Conclusions
	References
	Figure 1:
	Figure 2:
	Table 1:
	Table 2:
	Table 3:

