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Abstract: Purple urine bag syndrome (PUBS) is a rare condition characterized by purple discoloration
of urine and urine bags. Although it is benign, it represents an alarming symptom to the patients and
their relatives because of purple discoloration. We have physically characterized urine and urine bags
belonging to a patient suffering from PUBS using an approach that combines Raman spectroscopy
(RS) and scanning electron microscopy (SEM) coupled with energy dispersive X-ray (EDX). Five
“blue” discolored bags and one sterile urine bag, representing the control, were cut into 1 cm? square
samples and analyzed by using RS and SEM + EDX technique. RS enabled us to identify the presence
of indigo, a metabolite of tryptophan, while SEM analysis showed the biofilm deposit, probably due
to the presence of microorganisms, and the EDX measurements exhibited the elemental composition
of the bags. In particular, urine bags before and after the presence of PUBS urine showed an increase
of ~32% of Cl, ~33% of O, ~667% of Ca, ~65% of Al and Mg, while C decreased by about 41%. Our
results, to be taken as a proof-of-principle study, are promising for the aim to characterizing the urine
bags in a flexible, inexpensive, and comprehensive manner.

Keywords: multi-technique; spectrometers; RS; SEM; EDX; PUBS

1. Introduction

Purple urine bag syndrome (PUBS) is a rare, uncommon condition that occurs in
chronic urinary catheterized patients with urinary tract infection [1,2]. It is characterized
by the blue/purple discoloration of a catheter and of a Foley bag over hours to days [2,3].
The change in color actually occurs within the urine bag, whereas, interestingly, the urine
remains unchanged in color [4]. It is considered a benign condition that requires no
treatment other than changing the Foley bag, although antibiotics are occasionally used [2].
However, this condition is worrisome to and causes distress among patients, caregivers, and
healthcare providers due to the clearly alarming urine and bag color [5]. PUBS is associated
in patients with debilitation, renal failure, bacteriuria, alkaline urine, an indwelling urinary
catheter, and chronic constipation [1,2,6]. The majority of patients suffering from PUBS are
catheterized due to significant disability, typically being chair-bound or bed-bound elderly
patients [1].

Raman Spectroscopy (RS), belonging to the family of vibrational spectroscopic tech-
niques, is a powerful spectroscopic modality that relies on the inelastic scattering process
of monochromatic light, such as laser light [7]. The Raman spectra exhibit spectral fea-
tures that are characteristic for molecular structure and conformation, giving a molecular
fingerprint of the sample. RS represents an essential methodology in different research
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fields, such as chemistry, physics, biology, and material sciences [8-11], and its advanced
applications are currently employed in the biomedical field and many applications were
reported [12-15]. As RS is a rapid and nondestructive analysis technique for the detection
of biochemical changes at the molecular level and does not require any preparation before
the measurement, RS can be used for in vitro and in vivo measurements of analytes in
biological fluids in their native liquid state [16,17].

RS, for instance, may apply to analyze the urine, a body fluid providing information
about the body’s metabolism and renal function. Urinalysis, including physical, chemical,
and microscopic examinations, is an important laboratory test that is especially helpful
in the diagnosis of urinary tract diseases. RS can be useful to detect various metabolites
such as urea and uric acid, creatinine, ketone bodies (hydroxybutyrate and acetoacetate),
phosphate, and other nitrogen compounds in urine, many of which are intrinsic native
fluorophores [18]. Changes in these components reflect the metabolism of the human
body and depend on the different kinds of food intake [19], or may be due to pathological
conditions. Therefore, this information may be correlated with clinical criteria for the
diagnosis of various renal, metabolic, and systemic diseases [16,20,21].

In addition, scanning electron microscopy (SEM) analysis has been performed to
morphologically characterize the sample under investigation. The SEM analysis has been
coupled with energy dispersive X-ray spectroscopy (EDX) microanalysis to determine the
elemental composition of the sample surface. The combination of these techniques has a
wide range of applications in various industrial, commercial, and research fields [22,23].
These practices are applied in the morpho-compositional analysis of urinary stones [24],
but their application in the area of microbial detection is rare [25], whereas SEM plays a
crucial role in detecting the cause of infection and disease [26].

We have not found studies concerning the RS and/or SEM or SEM + EDX characteri-
zation of urine and urine bags obtained from PUBS subjects in the literature, even if many
clinical cases are reported. Therefore, the aim of the study was to physically characterize
urine and urine bag samples of a woman affected by multiple pathologic conditions with
an apparent discoloration of the urine collected in the urine bags using these techniques.

2. Materials and Methods

A 57-year-old woman was attending our unit at the University of Messina, Italy, on
January 2021 because her husband’s observation of seemingly blue discoloration of the
urine catheter and urine bag which occurred every time a few days after the silicon catheter
change, apart from the first three changes. The medical history of our patient is very
complicated because she was suffering from various pathologies. See in the Supplementary
Materials for the comprehensive medical history and clinical data of the patient.

Urine specimens from both the patient’s renal pelvis and urine bag were collected in
sterile containers in the morning and analyzed at room temperature within 1 h of collection
to avoid changes, such as an increase in pH (due to breakdown of urea to ammonia),
a decrease in bilirubin (due to light exposure), and changes in color (due to oxidation
or reduction reactions). Urine specimens were neither treated nor processed. All urine
specimens were analyzed by using RS.

Sterile urine bags were used to collect the patient’s urine. The bags, with a capacity
of 2000 mL, and the tubes are made of polyvinyl chloride (PVC). PVC is a synthetic ther-
moplastic material, chemically nonreactive, obtained by polymerization of vinyl chloride
monomers. Sterility inside the bags is maintained by the presence of a nonreturn valve that
prevents urine back flow into the indwelling urinary catheter.

Five “blue” discolored bags and one sterile urine bag, as a control, were cut into 1 cm?
square samples, using a sterile scissor. All samples were analyzed by using SEM + EDX.

Raman measurements were performed by using a DXR-SmartRaman Spectrometer
(Thermo Fisher Scientific, Waltham, MA, USA). The experimental setup was equipped with
180-degree sampling accessory. The spectra were acquired using a diode laser source with
the excitation wavelength of 780 nm. All Raman spectra were acquired over the wavenum-
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ber range of 3300-200 cm ! with an estimated resolution between 4.7 and 8.8 cm !, and

irradiated with a laser power of 24 mW, coming out from a 50-um spot (estimated spot size
3.1 um). The estimated data spacing was 1.9285 cm ™. To obtain high signal-to-noise ratio
(S/R) spectra, the Raman spectrum of each sample was obtained in triplicate after collecting
32 sample exposures for each spectrum, and the duration of each exposure during data
collection was set equal to 60.0 s. Total acquisition time was 32 min for each spectrum.
All Raman spectra were corrected for fluorescence by subtracting a fifth-order polynomial
via a least squares fit, and also for cosmic ray artifacts. All Raman spectra were stored in
.spa format, and the post-processing analyses were performed by using the Omnic For
Dispersive Raman version 9.1.24 software (Thermo Fisher Scientific Madison, WI, USA).
When the acquisition of the Raman spectra was complete, the average spectrum for each
sample was calculated, and a baseline subtraction was applied (polynomial spline) to a
manually chosen point in the wavenumber range 300-2000 cm~*.

Each 1-cm? square bag sample was mounted on an adhesive black carbon tab, pre-
mounted on the sample holder, and then analyzed by an FEI Quanta 450 FEG Thermofisher
Scientific Scanning Electron Microscope to evaluate its morphological characteristics. This
is a field emission gun—scanning electron microscope (FEG-SEM) used for high-resolution
imaging (morphological and compositional) of both conductive and non-conductive speci-
mens at the nanometer-scale resolution and for semi-quantitative X-ray microanalysis. We
used it in the “low vacuum mode” (LV), where electrically non-conductive samples can
be imaged without the need of a conductive layer (e.g., carbon, gold etc.). Each sample
surface was scanned in the X-Y direction using the electron beam generated by the electron
gun. The SEM measurements were conducted at 25.5 kV. We used magnification of x720,
x 1200 and %1500, then we discarded the observations at x 1200 and retained the x720 and
%1500 ones. The images were obtained in back-scattered electron (BSE) mode. The working
distance (WD) was between 13.5 and 13.8 mm. The series of images we have obtained were
then saved on the local hard-disk of the PC in .tiff format at 16 bit and were not elaborated
in any way.

The elemental analysis of the drainage bag was performed by the EDX of the FEI
Quanta 450 FEG. As a result, an X-ray spectrum was obtained and the instrumentation
gave us the elemental composition, with relative errors, in percentages as a table. In the
spectrum, the peak position identifies the different elements in the sample surface, whereas
its intensity allows quantitative characterization of each detected element. The analysis
results were carried out according to the reference energy spectrum of the calibration
included in the instrument library. Both qualitative and quantitative elemental analyses
were conducted at four different points on each sample surface. The obtained results
represent the mean value of four different measurements effectuated on every target sample.

3. Results

Urine specimens collected both from the renal pelvis and from drainage “blue” bags
revealed no color alteration, nor differences in coloration.

The difference between the average Raman spectrum of the urine sample collected
from the renal pelvis and the average Raman spectrum of the sample collected from the
drainage urinary bag was calculated to remove the spectral features of urine from the
spectrum of a mixture of compounds. The difference spectrum has been baselined. The
resulting Raman spectra are shown in Figure 1.
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Figure 1. Average spectrum of the patient urine specimens from the renal pelvis (red line), from
the drainage “blue” bag (blue line) and the difference spectrum between them (green line). Yellow
arrows point out peaks located at 546 em~ 1,600 cm™1, 676 cm™1, 759 em 1, 1226 cm~!, 1313 em !,
1461 cm ™!, and 1573 cm ™! in the urine from the renal pelvis spectrum that are not present in the
urine from drainage “blue” bag spectrum.

The profile of the final spectrum (the green line in Figure 1) reveals the presence of
indigo and the experimental vibrational peaks with their tentative assignments are detailed
in Table 1. In the same table, based on literature, the vibrational peaks of a pilot study [27]
are also reported.

Table 1. Experimental vibrational peaks with their tentative assignments, based on literature. Legend
for intensity: vw = very weak; w = weak; m = medium; s = strong; vs = very strong.

gzg;zlz;n_t?)l (l:;f_l;;ee;;(:] Intensity Assignment
469.2 467 VW vy C-C
546.7 544 m 5 C=C-CO-C
600.0 598 vw 8C=0 6C-H ©6C-NH-C
639.6 635 w v N-H
676.3 674 VW 5 C-C
759.5 758 vw SC-H O&N-CC
867.9 868 VW v C-N
948.9 940 VW vy C-H
1008.8 1015 m S C-H
1149.1 1147 vw 5 C-C
1226.2 1224 s 8C-H +vC-N
1248.9 1248 m SC-H 6C=0
1312.7 1310 s v C-C
1364.6 1365 s SN-H o6C-H
1461.8 1460 s vC-C oCH
1486.2 1482 s vC-C oCH
1575.1 1582 Vs vC=C +vC=0
1624.4 1625 s vC-C oCH
1697.9 1701 w vC=C +vC=0

Typical morphological images obtained using a SEM technique from the control urine
bag and the “blue” one are displayed in Figure 2, whereas a thick biofilm of the deposited
material covers the surface of the “blue” bag in the right side of the figure.
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Figure 2. Morphological images of urine drainage bag obtained using the scanning electron micro-
scope. On the left side, the clean bag (control); on the right side, the “blue” bag.

The EDX analysis was applied to detect the elemental composition of the bag both
before (control) and after the use by the patient (“blue bags”). The results of the EDX
analysis are reported in Table 2. EDX provides elemental data in both atomic and weight
percentages automatically through the built-in software. The major components of the
control bag and samples were CI, C and O. In the sample bags Ca and P, and small traces of
K, were also detected. In the “blue bag” sample, it is possible to notice an increase in the
amount of chlorine, oxygen, magnesium and calcium, compared to the control one.

Table 2. Results of EDX analysis.

“Blue Bags” Control Wt “Blue Bag” Wt

Element Control (abs) (abs) & [Error] (%) [Error] g(% )
Chlorine 25.25 33.34 16.63 [2.64] 25.17 [3.47]

Carbon 97.15 57.12 63.98 [32.64] 43.13 [20.96]

Oxygen 28.01 37.32 18.45 [10.09] 28.18 [13.12]
Sodium - 1.91 - 1.44 [0.46]
Calcium 0.03 0.23 0.02 [0.08] 0.18 [0.10]
Potassium - 0.08 - 0.06 [0.08]
Nickel 0.02 0.03 0.02 [0.08] 0.02 [0.08]
Aluminum 0.43 0.71 0.28 [0.14] 0.54 [0.18]
Magnesium 0.66 1.09 0.44 [0.19] 0.82[0.26]
Phosphorus - 0.19 - 0.14 [0.10]
Silicon 0.16 0.30 0.10 [0.10] 0.13[0.12]
Neodymium 0.13 0.12 0.08 [0.09] 0.09 [0.09]

In particular, SEM + EDX analysis, performed on urine bags, before and after the
presence of urine, showed an increase of ~32% of Cl, ~33% of O, ~667% of Ca, ~65% of
Al and Mg, while C decreased by about 41%. Traces of P, Na, and K were found in the
analyzed urine bag. They were probably present in the urine and deposited on the square
sample of the “blue” bag surface. No variation was observed for Ni and Silicon.

4. Discussion

RS was described as a relevant technique for the analysis of biological materials
of clinical interest. Since Raman spectrum is composed of sharp bands with distinct
characteristics, specific for each molecule, a substance can be easily distinguished from the
others due to the intrinsic biochemistry difference [28-30].

RS can be applied to the analysis of discolored urine, a phenomenon that can be
observed in urine bags of hospitalized and long-term bedridden patients. A spectrum
of urine colors (white, black, brown, red, pink, orange, yellow, blue-green, and purple)
can occur due to changes in urochrome concentration and the presence of other pigments
and both endogenous ones, such as uric acid, bilirubin, hemoglobin, or myoglobin, and
exogenous causes related to patient diet, medications, and poisons.
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As can be seen from an inspection of Figure 1, Raman spectra of urine from the bag
show the presence of tryptophan (TRP) (1360 cm 1) [31]. The TRP is sensitive to the mi-
croenvironment and detailed information about the microenvironment of these aromatic
side chains can be obtained from variations in intensity of the vibrational modes [9]. The
Raman spectrum also revealed the presence of indigo, a metabolite of TRP. TRP is an essen-
tial alpha-amino acid found in some foods, especially those high in protein (milk, meat, fish,
beans, soybean, eggs, and others). It is needed for the in vivo biosynthesis of proteins and
serves as a substrate for several bioactive metabolites, including serotonin, nicotinamide
(vitamin B6), tryptamine, and others. In humans, TRP is exclusively obtained from dietary
intake [32]. As detailed in Figure 3, the metabolic steps of TRP occur in the large intestine
and liver up to the production of indoxyl sulphate (indican), a colorless product that is
excreted in the urine tract. In patients, chronically catheterized and chair/bed-bound due
to significant disability, like our patient, chronic constipation occurs typically, which causes
increased indican excretion in the urinary tract, and, in turn, indigo presence.

Diet intake of tryptophan

"OOH

Deamination

Transfer to large mtestine

Reaching the liver

Diffusion in the portal
cireulation

by gut microbiota

Indoxyl

Liver cytochrome
P450 2E1 (Cyp 2E1)

(3-hydroxy-indole)
OH

Sulfonation through human
liver SULT 1A1 isoform

Indoxil sulphate (indican)
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in urine tract N
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i high concentration
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(sulphatases,

phosphatases)

Indoxyl

()x1dal|0n
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Figure 3. Metabolic steps of tryptophan (TRP).
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In the presence of bacterial enzymes such as sulphatases and phosphatases, indican
forms two isomeric metabolites: indigo blue (indigotin) and indigo red (indirubin). These
metabolites dissolve in or deposit on the surface of urine bag material and are responsible
for its blue/purple coloring according to the indigotin/indirubin ratio due to oxidative
conditions and the pH value of the urine [33-35]. We found in the patient’s urine both
Gram+ and Gram— bacteria, which produce several types of enzymes, including sul-
phatases, phosphatases, catalase, and oxidase, capable of sticking to the urine bag surface,
and growing and building a matrix to form a community named “biofilm” [36]. The image
obtained under SEM showed that the urine bag had a wrinkled and rough surface, so
we hypothesized the presence of microbial biofilm [37], which can be responsible for the
variation of element values, perhaps because it represents an obstacle to correct scanning of
the urine bag’s surface.

Furthermore, the enzymatic features of microorganisms that we found in the patient’s
urine can at least partially explain the results obtained from EDX analysis, such as the
presence of phosphorus and oxygen increase in the patient’s urine with respect to the
control one. The action of bacterial enzymes could also be applied to urine bag material
consisting mainly of PVC.

5. Conclusions

The focus of the present study was to physically characterize the urine and urine
bags to better understand the metabolic changes occurring in PUBS by using different
techniques such as RS and SEM + EDX analysis, since no studies of such type were found
in the literature. This study, based on just a single case, has to be intended as a proof-of-
principle study, since it needs a wider number of cases to be studied to obtain a minimum
statistical significance. Anyway;, it can indicate an alternative approach to the treatment in
the presence of PUBS.

RS revealed the presence of indigo, a metabolite of TRP, responsible for the typical ap-
parent blue discoloration of urine. The biomarker presented different peaks representative
of the different molecular vibrations.

SEM analysis showed the differences in morphological images between the control
bag and sample ones, probably due to the presence of bacterial biofilm on the latter bag
surface. The EDX technique revealed a predominant variation in the concentration of
chlorine, oxygen, magnesium, and calcium, probably at least in part due to the action of
bacterial enzymes.

The obtained morphological and analytical results provided us information of qualita-
tive and quantitative modification in PUBS metabolite concentration with respect to the
control. Thus, we intend to study a wider number of cases with the same methodology
and techniques, so that we can reach at least a minimum level of statistical significance to
eventually confirm validity of this procedure. Once statistically validated, we hope it can
be used as an additional tool in the medical field for monitoring the evolution of PUBS
for early detection of the presence of indigo in chronically catheterized and chair/bed-
bound patients.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390 /app12084034/s1, Table S1: Comprehensive patient’s medical
history; Table S2: Clinical data of the patient.
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