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Abstract

Urinary tract infections (UTIs) are among the most common maladies af-
flicting the human population globally. A wide variety of microbial pathogens
are responsible for causing UTIs that are often recurrent, especially in the el-
derly population, resulting in an economic burden of billions of dollars an-
nually. In this study, we present data from a large population of symptomatic
UTI patients tested using a multiplexed, real time quantitative polymerase
chain reaction (QRT-PCR) strategy. Our data demonstrate that instances of
UTI increase with age for all the tested pathogens, with the exception of My-
coplasma spp. and Ureaplasma spp., which were found to be significantly
higher in the younger population. Furthermore, the use of the QRT-PCR ap-
proach was also found to be effective in detecting polymicrobial UTTs. With
the limitations of classical microbial culture techniques traditionally used for
UTI diagnosis, we demonstrate that a rapid and comprehensive technique
like RT-PCR can be an effective tool for detecting and managing UTTIs.
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1. Introduction

Globally, urinary tract infections (UTIs) are among the most common microbial
infections, affecting 150 million people annually [1]. Within the United States,
UTIs are the most common outpatient infections, resulting in nearly 3 million

emergency room visits [2]. Taking into account the direct and indirect costs,
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UTIs are responsible for an annual economic burden of approximately $3.5 bil-
lion. UTIs are a major cause of sepsis, a life-threatening condition which results
in major organ failure, and is responsible for about 20% of all global mortalities
[3]. In a multicenter study of hospitalized septic patients, a urogenital source
(urosepsis) was the leading cause of sepsis, even exceeding sepsis originating from a
lower respiratory tract infection [4]. Due to the recurrent nature of UTIs, espe-
cially in the elderly population, these infections contribute to increased anxiety
and depression in patients and have a negative impact on the overall quality of
life [5].

UTIs can be classified as lower UTIs infecting the bladder (cystitis) and urethra
(urethritis), or as upper UTIs infecting the kidneys (pyelonephritis). Further, the
infections are classified as uncomplicated or complicated UTIs, depending upon
the absence or presence of aberrations and obstructions of the genitourinary
tract. Uncomplicated UTIs are more common in young sexually active females
with a history of UTI [6]. Complicated UTIs are exacerbated by neurological
disease, immunosuppression, pregnancy and the presence of medical instru-
mentation. In the United States, indwelling catheters are responsible for the ma-
jority of complicated UTI cases [7]. Instances of UTI are positively correlated
with age and are one of the most commonly diagnosed infections in an older pa-
tient population [8].

The most common infection route for the UTI causing microbes is the ascent
and colonization of the urethra by the fecal microflora. Escherichia coli (espe-
cially the Uropathogenic Escherichia coli (UPEC) subtype) is the most prevalent
cause of UTIs across all demographics, followed by Klebsiella pneumoniae, Sta-
phylococcus saprophyticus, Enterococcus spp. and Streptococcus agalactiae (GBS)
[6]. In case of complicated UTIs, E. coli/ UPEC is the most commonly identified
bacteria, followed in frequency by Enterococcus spp. [9].

In this study we present a survey of pathogens responsible for UTIs, detected
in urine samples of symptomatic patients, utilizing a multiplexed quantitative
real-time polymerase chain reaction (QRT-PCR) method. The collated data was
distributed over a wide age range to determine the prevalence of individual UTI
causing pathogens. In addition, detection of polymicrobial infections in susceptible

population groups was also studied.

2. Materials and Methods

Nucleic Acid Extraction: Urine samples obtained from symptomatic patients,
were received at the HealthTrackRx laboratory in Denton, Texas, United States.
The total nucleic acid from each sample was isolated using Mag-Bind Universal
Pathogen Nucleic Acid Purification kit (Omega Bio-Tek, Norcross, Georgia,
United States), per manufacturer’s instructions on a Firefly Nimbus 96 auto-
mated liquid handling platform (Hamilton Robotics, Reno, Nevada, United
States).

Reverse Transcription and Pre-Amplification: Following total nucleic acid ex-
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traction, the RNA isolated from patient urine samples was reverse transcribed
using the SuperScript IV system, per manufacturer’s instructions (ThermoFish-
er, California, United States). Rare targets in each sample were pre-amplified
according to manufacturer’s instructions using custom primers provided by the
manufacturer (ThermoFisher, California, United States).

Real-Time PCR Analysis: The pre-amplified nucleic acid for each urine sam-
ple was placed onto an OpenArray™ plate (containing the target primers and
probes), using the AccuFill™ system. The Real-Time PCR analysis was per-
formed on a QuantStudio 12K Flex System, using the Gene Expression program
according to manufacturer instructions. All PCR primers and probes used in this
study were designed, validated, and manufactured by ThermoFisher’s proprie-
tary process (ThermoFisher, California, United States).

Data Analysis: All statistical analysis was performed using Microsoft Excel.
Personal identifying data for patients was not accessed while performing this
study. Each patient sample was assigned a randomly generated sample identifi-
cation number and only the gender and age of the sample were employed for

data analysis.

3. Results and Discussion

In the present paper, we discuss the frequency of urinary tract pathogens across
a broad population range of patients displaying UTI symptoms. 5450 patient
samples from 9/1/2018 to 1/31/2019 were collected and processed at our labora-
tory in Denton, Texas from symptomatic potential UTI patients. Gender break-
down of the patient samples displayed a higher representation of females
(79.3%) as compared to males (20.7%). Age distribution of the patient demo-
graphics (Table 1) showed that a majority of samples (69.7%) were obtained
from older patients (51 years and older). Our data is in agreement with what is
previously known about the etiology of UTI’s, wherein females (due to their
anatomy and physiology) are more predisposed to contracting an UTI as com-
pared to males [10]. In addition, it has been demonstrated in a number of stu-
dies, that UTI instances increase with age [11].

Our data did not discriminate between uncomplicated and complicated UTIs
and registered the presence or absence of a microbial species in a urine sample,
employing real-time PCR. Among the pathogenic microbes, both Gram-positive
and Gram-negative bacteria, and fungal species were detected in the urine sam-
ples. It was found that E. coli was the most prevalent pathogen detected (73.69%).
This was followed by Enterococcus sp. (22.39%), Klebsiella sp. (11.37%), Strep-
tococcus agalactiae (a group B Streptococcus; 8.36%), Proteus spp. (7.43%),

Table 1. Distribution of patient demographics on the basis of age.

Age (years) 0-2 3-18 19 - 50 51>
Number 25 162 1461 3802
% 0.45 2.97 26.80 69.76
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Enterobacter sp. (5.27%), Mycoplasma spp. (5.24%), Pseudomonas aeruginosa
(5.01%), Candida spp. (4.48%), Ureaplasma spp. (4.30%) and Staphylococcus
aureus (4.21%) (Figure 1). A total of 14.2% of the samples analyzed in this study
tested negative for the presence of UTI causing pathogens.

The colonic bacterial flora is a frequent source of UTI, with E. coli being the
most common cause of both uncomplicated and complicated forms of the infec-
tion [2]. With over 70% of our samples testing positive for the presence of E. co-
i, similar findings were observed in our study. In a clinical setting, diagnosis of
an UTI is usually based on symptoms and has a very high error rate of approx-
imately 33% [12]. The currently accepted “gold standard” of UTI diagnosis, mi-
crobial culture and sensitivity testing (as applicable), is burdened by shortcom-
ings, such as delayed turnaround time (due to prolonged culture time of causa-
tive microbes), guidelines with respect to positive identification or significance
of identification (non-universally-accepted number of colony forming units/ml
defining a “significant infection”, rejection of polymicrobial growth as possible
contamination, etc.) [13]. All these points can pose severe implications with
regard to patient care and infection management. Thus, the use of a rapid diag-
nosis technique employing nucleic acid amplification test (NAAT) can preclude
these possibilities and empower better clinical decisions with respect to patient
care.

Among the coagulase-negative staphylococci, S. saprophyticus has been ob-

served to be a significant source of UTIs second only to E. coli [14]. In our study
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Figure 1. Prevalence (%) of the common UTTI causative agents detected in the urine samples of symp-

tomatic patients using multiplex real-time PCR.
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we also found a significant number of samples positive for the presence of coa-
gulase-negative staphylococcal species. However, since our lab uses a pooled as-
say (8. saprophyticus, S. epidermidis, S. haemolyticus, S. lugdunensis) for these
targets, species-specific identification is not possible; therefore, this data was not
included in the present analysis.

With 22.39% of the total samples testing positive for Enterococcus spp. (E.
faecalis and E. faecium), a higher than previously reported level of Enterococcus
infection was detected in this study. The emergence of E. faecium as a prominent
nosocomial pathogen within the last two decades, due to its multi-drug resistant
nature and overuse of antibiotics, poses a significant global challenge to health-
care practitioners. Within the United States, the early 2000s saw an almost two-fold
increase in vancomycin resistant Enterococcus (VRE) infections in hospitals [15],
and a perceptible shift in the principal pathogen from E. faecalis to E. faecium,
with the latter displaying more vancomycin resistant isolates [16]. Enterococci
can survive for an extended period in an exposed environment, which is possible
due to their resistance to a number of physical and chemical decontaminants.
This allows for these pathogens to persist and patients to acquire hospital acquired
infections [17].

With respect to the levels of other established etiological agents of UTI, our
study did not find a significant difference when compared to previously pub-
lished results [18]. For example, Proteus spp. (P. mirabilis and P. vulgaris) and S.
aureus were, respectively, detected in 7.43% and 4.21% of the total tested sam-
ples (Figure 1). Proteus mirabilis is a Gram-negative member of the Enterobac-
teriaceae, which can result in both cystitis and pyelonephritis, especially in el-
derly patients [19]. This pathogen is responsible for 1% - 10% of UTT’s, and up
to 44% of complicated catheter-associated UTI’s [20]. Among the nosocomial
pathogens responsible for UTT’s, S. aureus is considered atypical and is respon-
sible for nearly 6% of the infections. Bacteriuria caused by S. aureus may be a
result of catheterization, or it may take a hematogenous route due to an undetected
bacteremia [21]. It has been demonstrated that S. aureus bacteriuria results in
higher mortality in patients [22], with the severity increased in case of methicillin
resistant S. aureus (MRSA) urogenital infections [23].

Distribution of individual pathogens detected, according to age, revealed a
pattern that reinforces the observation that UTI instances become more preva-
lent with advancing age (Figure 2). All of the pathogens, with the exception of
Mpycoplasma spp. and Ureaplasma spp., were detected at a higher rate (69.9% *
7.4%) in the older population (51 years of age and older), followed by the mid-
dle-aged population (19 - 50 years of age), with an average detection rate of
27.6% *+ 6.9% (Figure 2 and Figure 3). Interestingly, Mycoplasma spp. (M.
genitalium and M. hominis) and Ureaplasma spp. (U. urealyticum and U.
parvum) were detected at a significantly higher rate (73.88% and 72.15% respec-
tively) in the 19 - 50 years of age patients and at a lower rate (16.11% and 18.98%
respectively) in the older (51 years and older) patient population (Figure 3).
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Figure 2. Distribution of individual UTI causing pathogens according to age. The patient population was divided into 4 age
groups: 0 - 2 years (n = 25), 3 - 18 years (n = 162), 19 - 50 years (n = 1461) and 51 years and older (n = 3802).
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Figure 3. Instances of UTI are directly correlated with age. Mycoplasma spp. and Ureap-
lasma spp. display an exceptional distribution trend wherein these pathogens display a
higher detection rate in the younger population group (19 - 50 years of age) when com-
pared to the other detected UTI pathogens in the same age group. Error bars represent
standard deviation.

Members of the Mollicutes class represent a unique class of parasitic/saprophytic
organisms that are defined by their lack of cell wall, small genome size, and con-
sequently a limited anabolic capacity. M. genitalium, M. hominis, U. urealyticum,
and U. parvum are the most common mycoplasma species that are responsible
for UTIs in both men and women resulting in urethritis, cystitis, and bladder
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pain [24]. The instances of Mycoplasma spp. and Ureaplasma spp. infections
have been found to be directly proportional to the number of sexual partners
and activity in the previous 2 months to diagnosis. Detection of these pathogens
by a rapid NAAT methodology gains importance since classical culture methods
can take 2 - 3 weeks before a positive identification can be made [25]. Our data
bolster this observation, with the detection frequency of these pathogens being
significantly higher in our study’s sexually active population (Figure 3).

Clinical microbiology testing that involves the use of traditional culturing
techniques for the detection of UTIs can prove to be inadequate in providing the
complete picture of the etiological agents responsible for the infection. It has
been estimated that nearly 33% of urine cultures from elderly patients are poly-
microbial. However, due to the inherent difficulty in identifying the individual
organisms in a mixed culture, laboratories do not always report all potentially
pathogenic bacteria [26].

Among the urine samples analyzed in this study, a majority was from patients
suffering from chronic kidney disease (CKD) (55.1%) or from obstetric/gyne-
cological facilities (20.3%). A review of published literature revealed very sparse
information on the status of UTI in CKD patients [27] [28]. No significant dif-
ference was observed between the CKD patient and the overall population sam-
ples for the detection of pathogens (Figure 4). It has been previously suggested
that, adjusted for age, CKD patients do not display an increased risk of UTIs
when compared to the general population [27]. It has been documented that
UTI instances are not significantly higher in pregnant women when compared
to non-pregnant women, However, the management of these infections in the
pregnant population becomes complicated, due to the risks posed to the unborn
child [29]. UTIs during pregnancy can potentially result in increased risk of

pre-eclampsia, pre-mature birth, low neonatal birth weight, and miscarriage
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Figure 4. Distribution of mono- and polymicrobial infections in urine samples of chronic
kidney disease (CKD) patients and pregnant women (OB/GYN).
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[30]. Mycoplasma spp. and Ureaplasma spp. are the most important preventable
causes of female infertility and adverse pregnancy outcomes [31]. Due to signif-
icant maternal colonization or infection, and subsequent fetal transmission, a
growing body of evidence supports pre-natal diagnosis (preferably by a NAAT
methodology) and treatment of these microbes [32] [33] We found that detec-
tion of polymicrobial infections (3 or more pathogens) in the urine samples of
the pregnant population was significantly higher than the overall detection rate
(Figure 4).

A recent study of symptomatic UTI patients demonstrated that multiplex PCR
was able to detect the presence of pathogenic agents in 36% of concurrent, pa-
rallel “split samples”, that tested negative with traditional culture techniques
[34]. In addition, the same study detected polymicrobial infections in 12% of
culture negative samples. Although a direct comparison with culture was not
performed on the samples used in the present study, our data suggest that PCR
can be successfully used for the detection of polymicrobial urinary tract infec-
tions in high-risk population groups, like pregnant women.

In summary, our data support the previously published observations that UTI
instances increase with age, and that . coli/UPEC is the single most prevalent
infectious agent. However, we observed a higher than previously reported level
of Enterococcus spp. infection. With an aging population, the management of
UTIs gains significance with respect to economic and healthcare perspective. We
report a significantly higher detection of Mycoplasma spp. and Ureaplasma spp.
in the younger, sexually active population when compared to other UTI causing
agents, suggesting that this population group should be actively screened for
these pathogens. Classical microbial culture is still considered to be the gold
standard of UTI diagnosis, but a growing body of evidence (including our cur-
rent data) shows that these standards should be updated to reflect the compara-
tive superiority of NAAT-based infectious disease testing. Examples of culture
limitations include the facts that polymicrobial (especially when 3 or more mi-
crobes are present) cultures are often dismissed as contamination, or that fasti-
dious, difficult-to-culture organisms (Mycoplasma spp. and Ureaplasma spp.)
can take up to 8 weeks to culture. Significantly, the use of a NAAT technique,
like qQRT-PCR, can provide unambiguous UTI diagnosis with a rapid turnaround
time, thereby improving the quality of clinical decisions in the management of
urogenital infections. The present study was limited in its scope as we are only
reporting the detection of etiologic agents in the urine samples of symptomatic
patients. We did not have access to the patient history, prior infection reports,
antibiotic use, etc. As a future endeavor, further analysis of UTIs, with these

features incorporated is planned.
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