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Preface

Urinalysis is one of the most useful laboratory techniques that provides an abundance of
information regarding one’s health. In most circumstances, it is non-invasive and safe.
Aside from its obvious benefits, urinalysis reflects not only urinary tract functioning but
also the functioning of other parts of the body such as the digestive system or circulatory
system. The various biomarkers and metabolites detected in urine can provide informa-
tion about ongoing processes and currently developing problems in the body. Given the
wide range of possible applications for data received from urine analysis in everyday home
and hospital care, it is not unexpected that urinalysis history is particularly long and
interesting.

The first glimpse into rudimental urine analysis, known at the time as uroscopy, comes
from ancient history. Back then, sages were aware of urine’s unique ability to represent the
human body condition and were able to link features of urine such as color, consistency,
sediment, odor, and volume with, for example, the state of hydration or the diet of the
urine donor. The drawn findings became more sophisticated and better reflected the state
of homeostasis of the human body as understanding about the functioning of the urinary
system in general and each of its parts independently increased.

The advancement of understanding the human body’s functioning in health and disease
was matched by the development of increasingly precise and accurate diagnostic tools.
The data acquired from correctly collected urine is now astounding. However, it is worth
noting that the increasing specificity, susceptibility, and diversity of urine analysis
techniques corresponds to the growing demand for such procedures. It no longer simply
reflects the body’s volemia state, it also indicates numerous diseases, pharmacokinetics,
and many other factors.

The advancement of renal transplants has created a demand for accurate monitoring of
kidney functioning without the use of invasive procedures. The patients’ near-constant
monitoring necessitates both swift and sensitive approaches for assessing the current state
of the transplanted organ as well as the entire body. This includes, for example, normally
difficult-to-discover asymptomatic inflammations, which, due to their insidious nature,
can lead to transplant rejection.

We cordially welcome you to read this book. It highlights the history of urinalysis and
its significance in daily practice as well as in the case of patients with unique needs and
requirements. We hope you will find it informative and stimulating.

Agnieszka Daca and Tomasz Jarzembowski
Departamet of Medical Microbiology,
Medical University of Gdanisk,

Gdansk, Poland






Foreword

Urine was the first body fluid to be examined in order to find associations between its
changed properties (looks, odor, and taste) and various human ailments. Urinoscopy, and
then urinalysis in its most rudimentary form, was already known more than 6000 years
ago. Modern urinalysis started in the 17th century and progress is ongoing. This book
provides a comprehensive overview of urinalysis.

Chapter 1 by Dr. Agnieszka Daca and D.Sc. Tomasz Jarzembowski reviews the history of
urinalysis and highlights its progress over the years.

Chapter 2 by Prof. Chandrasekhar Nagaraj discusses catheter-associated urinary tract
infections (CAUTIs). UTIs are of great clinical importance and often arise as nosoco-
mial infections, originating in the hospital setting. In cases of hospital-acquired UTIs
(HAUTISs), patients’ hospital stays are often prolonged and costly. Even worse, micro-
organisms that cause HAUTIs are more virulent and resistant to antibiotics than those
causing other UTIs. The ability of such microorganisms to form biofilm on catheters
often leads to catheter-associated UTIs (CAUTIs), which are the second most com-
mon hospital-acquired infection (HAI). This chapter describes the CAUTI condition
itself, as well as procedures preceding catheterization, catheterization itself, and other
preventive measures.

Chapter 3 by Dr. Laura Cristina Nocua-Bdez and Dr. Jorge Alberto Cortés also reviews
UTlIs. Apart from obvious microbiological approaches, there are non-microbiological
tests for characterizing the microorganisms that cause UTIs. Some of these tests can be
used in the doctor’s office or emergency room, whereas others require more sophisticated
instruments. Some of the goals of using non-microbiological approaches are to bypass the
difficulties of diagnosis in some patients (e.g., older patients or those who are cognitively
impaired) and to more quickly diagnose UTIs, enabling quicker introduction of therapy.

Chapter 4 by Dr. Lovelesh K. Nigam discusses patients undergoing renal transplants.
These patients may develop UTIs, cystitis, nephrolithiasis, cancers, and other conditions
that can be traced and diagnosed by modern urinalysis. One of the important groups of
conditions for which transplant patients are at risk, and for which urinalysis may help
with early detection, is viral nephropathies. Furthermore, modern urinalysis may indicate
upcoming graft rejection as well as the condition of the graft itself, reducing the need for
renal biopsy and related risks. Finally, urinalysis in this group of patients may show the
relapse of the disease underlying kidney failure prior to transplantation.

Chapter 5 by Dr. Abraham Joseph Pellissery, Dr. Poonam Gopika Vinayamohan, Ms. Leya
Susan Viju, Ms. Divya Joseph, and Prof. Kumar Venkitanarayanan discuss urine metabo-
lomics. By discovering novel biomarkers, the metabolomics approach helps to develop
new avenues of clinical diagnosis not only for diseases of the urinary system, but also for
infectious, metabolic, and inflammatory diseases and malignancies. It is also invaluable in
monitoring health status, both in healthy and diseased individuals. In the former, it may
give early warning, while in the latter it may show the progression of the disease or the
progression and efficacy of treatment.



Chapter 6 by Assistant Prof. Hiroko Furo, Dr. Tony Lin, Dr. Yi Yuan Zhou and Dr. Sarah
Abdelsayed discusses the application of quantitative gas chromatography—mass spectrom-
etry (GC-MS) for tracing opiates in urine. Findings from GC-MS may help clinicians
monitor the results of treatment for opioid use disorder, as well as facilitate interpretation
of urine drug test results.

Finally, in Chapter 7, which examines UTIs in pregnant women, Ph.D. Noren Villalobos
shows that the use of non-microbiological tests assessing the possibility of UTIs in this
vulnerable group of patients may facilitate diagnosis (including the identification of
involved microorganisms) and thus allow for proper, timely, and targeted treatment.

In conclusion, modern urinalysis is a relatively easy, multimodal, and fairly inexpensive
tool in health and disease monitoring, as excellently described and discussed in this book.

Jacek Witkowski

Professor,

Head of the Department of Physiopathology,
Faculty of Medicine,

Medical University of Gdanisk,

Gdarnsk, Poland
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Chapter1

Introductory Chapter: Modern
Diagnostics with the Ancient
History

Agnieszka Daca and Tomasz Jarzembowski

1. Introduction

Urinary tract (UT), in its entirety, has a long and interesting history extending
far beyond modern times. The first written mention of UT and especially kidneys
reaches ancient Egypt, as kidneys together with the heart, were the only organs not
removed from the mummified bodies [1]. It was believed that the kidneys are the
means of judgment in the afterlife, the proverbial guide for the heart’s decisions.

The fundamental role of kidneys and heart for humans’ afterlife fate was not only
Egyptian domain as it was also a common belief among other ancient civilizations and
religions, such as Semitic Tradition and Old Testament [2, 3].

The fact that the kidneys were not removed from dead bodies before mummi-
fication and burial has been the reason for today’s existence of the archaic samples
of those organs with, e.g., renal cysts and stones [1, 4]. As such, the knowledge of
urinary tract infections (UTIs) also reaches ancient times. They were not called UTIs
but were well defined nonetheless, together with very specific ways of treatment
(e.g. [1]). The first written mention of UTI dates back again to ancient Egypt and
the Ebers Papyrus from 1550 BC, where UTI is described as ‘sending forth heat from
bladder’ [5]. It is worth underlining that the actual role of UT was far from correct in
those ancient times, but still, the aforementioned Ebers Papyrus contains interesting
descriptions of maladies such as urethritis, prostatitis, or cystitis and procedures such
as uroscopy, which will be the modern urinalysis [1]. Later on, but still, in Antiquity,
despite very limited and often quite erroneous knowledge of urinary tract function-
ing, Hippocrates and his successors were able to perform a rudimental urinalysis,
noting such features as color, consistency, sediment, odor, and volume [6]. Corpus
Hippocraticum presented many known renal afflictions today, such as renal colic,
chronic renal infection, renal tuberculosis, and UTI symptoms, e.g., urinary inconti-
nence and urinary retention [4].

The historical breakthrough for the UT elements and their role in physiology dates
back to the brilliant scientist Galen of Pergamon, who was the first to claim and prove
that the main role of kidneys, not the bladder, is to produce urine [7]. Even though
the exact mechanism of urine formation remained a mystery to this scientist because
the function was described as ‘the separation of excess and poorly concocted bodily
humors), the impact of Galen on nephrology cannot be diminished both in the case of
uroscopy and the structure of the kidneys [7]. What is even more important, when it
comes to Galen’s impact on nephrology, is his contribution to its pathology. Galen is,
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e.g., credited for the first differential diagnosis and work-up of anuria and oliguria.
His work also details the approach to a patient with such conditions as diabetes melli-
tus and diabetes insipidus, even though the exact pathomechanisms of those diseases
themselves were a mystery at that time [8].

An even more detailed description of kidneys and UT was created by Oribasius
from Pergamum, the Byzantine scholar who, apart from his impact on nephrology
development, was remembered as the writer of Collectiones Medicae [4, 9], preserving
the ancient medical knowledge. His descriptions of the nephron structure, together
with a detailed illustration of its blood circulation, were the most detailed at the time.
His proposed treatment options for hematuria, both acute and chronic nephritis and
nephrolithiasis, even though they are not on par with today’s practice, emphasized the
role of physiotherapy and phytotherapy in nephropathology of that time [9]. Another
Byzantine scholar — Avicenna — preserved the at the time known practices and
knowledge from Greek and Far Eastern regarding urinalysis [10]. He said that ‘urine is
a faithful guide for the knowledge of the illness’, which is a succinct description of the
idea standing behind urinalysis.

2. Postantiquity advances in nephrology

Beginning from the Renaissance, the modern history of nephrology started. It still
greatly drew from the knowledge of ancient scientists and physicians, in part men-
tioned above, but the new equipment allowed the previously unattainable precision
in human anatomy and physiology observation [4]. Andreas Vesalius, the Belgian
anatomist, and Roman Bartolomeo Eustachio working separately at more or less
the same time, based their discoveries on direct observations of humans’ and dogs’
kidneys. Their meticulous work allowed them to correct many of the mistakes of their
predecessors (and still, they had different results regarding some of the anatomical
features of analyzed kidneys, e.g., the position of the right and left one in the human
body) when it comes to the anatomy of the kidney [11]. Where Vesalius and Eustachio
were quite ignorant of the function of the kidney itself [12], Neapolitan physicist
and mathematician Giovanni Borelli was vitally interested in mechanisms explaining
the mechanics of the body, among them kidney functioning, stating that the kidneys
play the role of sieve filtering blood and excreting the elements which need to be
eliminated [11]. Marcello Malpighi and Lorenzo Bellini, other renowned physicians,
who were additionally armed with magnifying lenses and microscopes, were able to
perform even more detailed observations of renal structure and function, especially
Malpighians’ body of the kidney [13]. Bellini, Borello, and Malpighi though, even
with all the advances in their observations, still believed that urine is created in purely
mechanistic or hydraulic ways [11, 14]. The concept of ultrafiltration as the means of
urine formation was first described by Archibald Pitcairne, even though it was prop-
erly termed almost 150 years later [11]. The final touches to the kidney anatomy and
function were added by William Bowman, who, armed with a microscope far better
than Malpighi’s and Bellini’s described the existence of Bowman capsule surrounding
the Malpighi’s body. That in itself added the missing element to the urine formation
hypothesis [15].

Richard Bright is considered the father of modern clinical nephrology. Together
with other famous physicians, Thomas Hodgkin and Thomas Addison, they devel-
oped knowledge about specific pathologies; some were even named after them [4].
Bright discovered that the presence of albuminuria and edema is always linked with
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kidney disease [16]. He described such conditions as acute nephritis, nephrotic
syndrome, and uremia. Additionally, he found and explained the link between kidney
disease and enlarged ventricles of the heart [17].

Urinalysis remained largely unchanged at the time. As a visual science, it linked
the observed changes in color, consistency, sediment, odor, and taste with specific
diseases. And diabetes mellitus and diabetes insipidus are the best in proving the need
for tasting the sample as the first means ‘sweet as honey’ and the second ‘without
taste or perceptible flavor’ [18]. What is worth mentioning, though, is that with
uroscopy becoming more and more popular, there were regions around the world
where uromancy developed [19]. Many of those not knowledgeable enough made ita
practice to diagnose various diseases based on information from pamphlets contain-
ing elaborate charts allowing comparing the color of the urine to diagnose assorted
diseases [20]. Later on, it led to the need for uroscopy regulation, and some statutes
were formulated trying to regulate the art of uroscopy [21].

3. The dawn of modern urinalysis

Together with the anatomical and functional advances of nephrology, also nephro-
pathology and diagnostics started to develop. The autopsies of dead bodies brought
many pathologies to light. Interesting results were revealed by, e.g., Malpighi’s body
autopsy [22]. He suffered from chronic kidney disease and supposedly hypertension,
and his autopsy results were published together with over 2000 others in Theophile
Bonet’s Sepulchretum sive anatomia practica ex cadaveribus morbo denatis. The first
such extensive collection of postmortem reports [22]. In turn De Sedibus et Causis
Morborum per anatomen indigatis published almost 100 years later by Giovanni
Morgagni, is considered the foundation for the classification of kidney diseases based
on gross anatomy and clinical symptoms [23].

The development of physiology and pathology was accompanied by the advances
in chemistry of urine. The first ones mentioning the exact parameters of urine, such
as specific gravity, hematuria, or proteinuria, were Paracelsus and his two follow-
ers, Joan Baptista van Helmont and Herman Boerhaave [24, 25]. The chemistry
knowledge in those days was not on par with physiology development though [26].
The dominant role of alchemy at the time had some impact on that. The beginning
of actual urinalysis based on actual chemical structure is set in the seventeenth
century. It was then that chemistry was freed from the influences of mystic alchemy
and started to make headways. Many manuals were published about the principles of
basic chemical methods, such as distillation and sublimation but also many others.
Christofle Glaser, Nicolas Lemery, and aforementioned Herman Boerhaave should
probably be mentioned as the ones (but not the only ones) who impacted chemistry
the most at the time [25, 27]. The chemicals in the urine were divided into nonvolatile
acidic residues, identified as chloride salts later on, and ‘volatile alkali’, ammonium
carbonate, or urea. The aforementioned Bellini and Thomas Willis should probably
be credited to be the ones of first authors of quite extensive descriptions of changes
in urine (its’ color, taste, and odor) depending on the urine’s composition and clinical
condition [18]. Willis was also the one involved in regulating uroscopy, mentioned
earlier, by clearly stating that the observed changes in urine’s color, taste, and odor
reflect those of the blood, not mystic humors [28]. The link between blood and urine
and the need to analyze them both to get a clear picture of various illnesses was also
later underlined by others, e.g., Robert Boyle and Browne Langrish [25, 29]. The last
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one even said ‘the study of the proportions of several principles of blood and urine,
both in sound and disease state, will be highly useful in investigating the causes and
the phenomenon of disease’ [29].

The inauguration of biochemistry is dated to the beginning of the nineteenth
century. Probably the most important milestone from that time is the identification
of avital element of urine — urea. It was identified and characterized by William
Prout and synthesized by Friedrich Wohler [30, 31]. Quite quickly, urea was linked
with several pathologies, and the term ‘uremia’ was coined. The first disease in which
an elevated level of serum urea was noted was mentioned earlier Bright’s disease
(or nephritis), but soon the urea level started to get measured in many other kidney
diseases [32]. But what is most important about the research regarding urea is its role
in the development of the concept of dialysis and artificial kidney [33].

The first complete compendium about the analysis of urine, Quantitative Clinical
Chemistry, was published at the beginning of the twentieth century by John P. Peters
and Donald D. Van Slyke [34]. It contained a detailed description of blood and urine
chemical composition and the rules for standardized measurement of such param-
eters as electrolytes concentration, especially K*, and Na*. That allowed for assessing
conditions such as hyponatremia, respiratory and metabolic acidosis, and effective
osmotic pressure [35, 36]. As all of them are linked with renal state, Peters insisted
on combining clinical laboratory and clinical investigation. That way, laboratory
diagnostics became vital to clinical diagnosis [34]. By the end of the 30s of the 20th
century, urinalysis started to become a common routine in medical examinations [37].

Almost 100 years later, urinalysis is still considered one of the most important
tools implemented in standard medical examination. This period was filled with an
intense development of that branch of the diagnostic laboratory. Many new tech-
niques were developed, increasing the sensitivity and specificity of performed tests
and making it easier to interpret obtained results even in specific and demanding
groups of patients, e.g., pregnant women.

Author details
Agnieszka Daca™ and Tomasz Jarzembowski’

1 Department of Pathology and Experimental Rheumatology, Medical University of
Gdansk, Gdansk, Poland

2 Deparment of Microbiology, Medical University of Gdansk, Gdansk, Poland
*Address all correspondence to: agnieszka.daca@gumed.edu.pl

IntechOpen

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

6



Introductory Chapter: Modern Diagnostics with the Ancient History

DOI: http://dx.doi.org/10.5772/intechopen.112374

References

[1] Salem ME, Eknoyan G. The kidney
in ancient Egyptian medicine: Where
does it stand? American Journal of
Nephrology. 1999;19(2):140-147

[2] Diamandopoulos A, Goudas P. The
role of the kidney as a religious, cultural
and sexual symbol. American Journal of
Nephrology. 2002;22(2-3):107-111

[3] Maio G. The metaphorical and
mythical use of the kidney in antiquity.
American Journal of Nephrology.
1999;19(2):101-106

[4] Greydanus D, Kadochi M. Reflections
on the medical history of the kidney:
From Alcmaeon of Croton to Richard
bright — standing on the shoulders of
giants. Journal of Integrative Nephrology
and Andrology. 2016;3(4):101

[5] Easmon CFS. Topley & Wilson’s
principles of bacteriology, virology and
immunity. Immunology. 1984;52(4):780

[6] Hippocrates AF. The Genuine Works
of Hippocrates; translated from the
Greek with a preliminary discourse

and annotations [Internet]. New York:
W. Wood; 2023. p. 416. Available

from: http://archive.org/details/
genuineworksofhiOOtran

[7]1 Eknoyan G. The origins of nephrology
&ndash; Galen, the founding father of
experimental renal physiology. American
Journal of Nephrology. 1989;9(1):66-82

[8] Temkin O. A Galenic model for
quantitative physiological reasoning?
Bulletin of the History of Medicine.
1961;35(5):470-475

[9] Eftychiadis AChr. Renal and
glomerular circulation according
to Oribasius (4th century).

American Journal of Nephrology.
2002;22(2-3):136-138

7

[10] Abdel-Halim RES. The role of Ibn
Sina (Avicenna)‘s medical poem in the
transmission of medical knowledge

to medieval Europe. Urology Annals.
2014;6(1):1-12

[11] Eknoyan G. The scientific
revolution—The kidney and nephrology
in and about the seventeenth century
(part1). Seminars in Dialysis.
2015;28(3):282-292

[12] DeBroe ME, Sacreacute D,

Snelders ED, De Weerdt DL. The Flemish
anatomist Andreas Vesalius (1514-1564)
and the kidney. American Journal of
Nephrology. 1997;17(3-4):252-260

[13] McVaugh MR. Losing ground. The
disappearance of attraction from the
kidneys. The changing concepts of
physiology from antiquity into Early
Modern Europe. In: Blood, Sweat and
Tears. The Netherlands: Brill; 2012.
(Intersections; vol. 25)

[14] Brown TM. Medicine in the shadow
of the principia. Journal of the History of
Ideas. 1987;48(4):629-648

[15] Eknoyan G. Sir William Bowman:
His contributions to physiology and
nephrology. Kidney International.
1996;50(6):2120-2128

[16] Dock W. Proteinuria: The story of 280
years of trials, errors, and rectifications.
Bulletin of the New York Academy of
Medicine. 1974;50(6):659-666

[17] Young RH. Dr Richard bright — Father
of medical renal disease. Archives of
Pathology & Laboratory Medicine.
2009;133(9):1365

(18] Eknoyan G. Looking at the urine:
The renaissance of an unbroken



Advances and Challenges in Urine Laboratory Analysis

tradition. American Journal of Kidney
Diseases. 2007;49(6):865-872

[19] Armstrong JA. Urinalysis in
Western culture: A brief history. Kidney
International. 2007;71(5):384-387

[20] Wellcome HS et al. The Evolution
of Urine Analysis: An Historical Sketch
of the Clinical Examination of Urine:
Lecture Memoranda. Los Angeles:
American Medical Association; 1911.
Available from: https://onlinebooks.
library.upenn.edu/webbin/book/
lookupid?key=ha002083175

[21] Pelling M, White F, Pelling M,
White F. Medical Conflicts in Early
Modern London: Patronage, Physicians,
and Irregular Practitioners 1550-1640.
Oxford, New York: Oxford University
Press; 2003. p. 428. Oxford Studies in
Social History

[22] Hajdu SI. The first printed treatise
in pathology. Annals of Clinical and
Laboratory Science. 2009;39(1):92-93

[23] Antonello A, Calo L, Bonfante L,
Mennella G, Abaterusso C, Spinello M,
et al. Giovan Battista Morgagni, a Pioneer

of clinical nephrology. American Journal
of Nephrology. 1999;19(2):222-225

[24] Bernoulli R. Paracelsus —
physician, reformer, philosopher,
scientist|SpringerLink. Experientia.
1999;50(4):334-338

[25] Fruton JS. The emergence of
biochemistry. Science. 1976;192(4237):
327-334

[26] Moran BT. Distilling Knowledge.
USA: Harvard University Press; 2005.
Available from: https://wwwijstor.org/
stable/j.ctvjz83pp

[27] Neville RG. Christophle Glaser and
the ‘Traité de la Chymie, 1663. Chymia.
1965;10:25-52

8

[28] Eknoyan G, Nagy J. A history of
diabetes mellitus or how a disease of the
kidneys evolved into a kidney disease.
Advances in Chronic Kidney Disease.
2005;12(2):223-229

[29] Foster WD. The early history of
clinical pathology in Great Britain.
Medical History. 1959;3(3):173-187

[30] Kinne-Saffran E, Kinne RKH.
Vitalism and synthesis of urea: From
Friedrich Wohler to Hans a Krebs.
American Journal of Nephrology.
1999;19(2):290-294

[31] Rosenfeld L. William Prout: Early
19th century physician-chemist. Clinical
Chemistry. 2003;49(4):699-705

[32] Cameron J. Sir Robert Christison
(1797-1882): The man, his times, and his
contributions to nephrology. The Journal
of the Royal College of Physicians of
Edinburgh. 2007

[33] Gottschalk CW, Fellner SK.
History of the science of dialysis.
American Journal of Nephrology.
2008;17(3-4):289-298

[34] Seldin DW. Scientific achievements
of John P. Peters. American Journal of
Nephrology. 2002;22(2-3):192-196

[35] Bruckman FS, Peters JP. The plasma
proteins in relation to blood hydration.
The Journal of Clinical Investigation.
1930;8(4):591-595

[36] Peters JP, Wakeman AM,
Eisenman AJ, Lee C. Total acid-base
equilibrium of plasma IN health and
disease. The Journal of Clinical
Investigation. 1929;6(4):517-549

(37] Free AH, Free HM. Urinalysis,
critical discipline of clinical science. CRC
Critical Reviews in Clinical Laboratory
Sciences. 1972;3(4):481-531



Chapter 2
Hospital-Acquired Urinary
Tract Infections

Chandrasekhar Nagaraj

Abstract

Hospital-Acquired Infection (HAI/nosocomial infections) nosocomial infections,
is gaining importance due to prolonged hospital stays and increased cost of hospital
care as a result of infections acquired within the hospital. Organisms are more
virulent and drug-resistant responsible for increased morbidity and mortality. Pro-
fessor (Dr) Ignaz Phillip Semmelweis a Hungarian obstetrician, in 1847 observed this
phenomenon. Catheter-associated Urinary Tract Infection (CAUTI) is the second
most common infection (most common is Central Line-Associated bloodstream
Infection—-CLABSI). Development of CAUTI as an outcome, are discussed as pre-
catheterization, input and output variable factors, and catheter maintenance. Careful
monitoring is needed to understand these processes. Pre-catheterization process
starts from the selection of the patient until catheterization is done. Input variables
are catheter material, different types of urinary catheters, organisms causing these
infections, and mechanism of infection. Catheterization processes variables
include the need for catheterization, methods of catheterization, patient preparation,
aseptic precautions, steps of catheterization, duration of catheterization, use of anti-
biotics, and the process of catheter removal. Final analysis of the cost involved makes
it a comprehensive approach to the topic. Prevention of CAUTI as part of surveil-
lance serves as an indicator to monitor the quality of services provided by the health
care facility.

Keywords: hospital-acquired infection (HAI), nosocomial infections, urinary tract
infection (UTI), catheter-associated urinary tract infection (CAUTI), asymptomatic
bacteriuria, care bundle, health education, long-term catheter care, economic burden
of hospitalization

1. Introduction

Catheter is a device used to drain urine from the bladder under different condi-
tions. In the hospital, urinary catheters are used extensively on a variety of patient
populations. During the process, the patient may get an infection other than for which
he was admitted. In the hospital setup, urinary tract infection could follow the inser-
tion of the urinary catheter. These infections following urinary catheterization are
referred to as Catheter-associated urinary tract infection (CAUTI). CAUTT is a device
(catheter) associated infection.
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1.1 Urinary tract infections (UTIs)

Urinary tract infections (UTIs) are bacterial infections affecting nearly 150 million
people around the world annually [1]. It is estimated that among all ambulatory
patients (0.9%), 10.5 million persons have UTI symptoms and 2-3 million persons
report to the emergency department in the United States alone [2-4]. In Infant boys,
older men, and females of all ages, significant morbidity is due to UTIs. Frequent
recurrences of pyelonephritis with sepsis, renal damage in young, preterm babies, and
complications due to frequent antimicrobial use with high-level antibiotic resistance
and Clostridium difficile colitis are the common complications of UTI. In the United
States, approximately US$3.5 billion per year is spent on societal costs for UTI infec-
tions (includes health care costs and time missed from work).

Urinary catheterization is used to evacuate urine by passing a hollow catheter.
Catheter is passed through the urethra or sometimes through the suprapubic region.
Indwelling urinary catheterization is classified as short-term (in situ less than
28 days), or long-term (in situ greater than 28 days) based on the time interval the
catheter is in place.

Clinically, UTIs are classified as uncomplicated or complicated. Uncomplicated
UTIs affect individuals who are otherwise healthy with no structural or neurological
urinary tract abnormalities [5, 6]. Uncomplicated UTI infections are again classified as
cystitis (lower UTIs) and pyelonephritis (upper UTIs) [5, 7]. Risk factors associated
with cystitis include female gender, a prior UTI, sexual activity, vaginal infection,
diabetes, obesity, and genetic susceptibility [3, 7]. Complicated UTIs are associated
with factors that compromise the urinary tract or host defense mechanisms, such as
urinary obstruction, urinary retention (associated with neurological disease, immu-
nosuppression, renal failure, renal transplantation, pregnancy and the presence of
foreign bodies, including calculi, indwelling catheters or other drainage devices)

[8, 9]. Indwelling catheters can be attributed to 70-80% of complications of UTIs
[10], which translates to 1 million cases per year in the United States [4].

UTIs are caused by gram-negative bacteria, gram-positive bacteria, and by some
fungi [11]. Uropathogenic Escherichia coli (UPEC) is the most common agent causing
both uncomplicated and complicated UTIs. Other agents involved, in order of preva-
lence, causing uncomplicated UTIs are Klebsiella pneumoniae, Staphylococcus
saprophyticus, Enterococcus faecalis, group B Streptococcus (GBS), Proteus mirabilis,
Pseudomonas aeruginosa, Staphylococcus aureus, and Candida spp [3, 6, 11-13].
Similarly, complicated UTIs are caused by Enterococcus spp., K. pneumoniae, Candida
spp., S. auveus, P. mirabilis, Ps. aeruginosa, and GBS in order of prevalence following
UPEC [9, 11, 14-16].

1.2 Health care-associated infections (HCAI)

By definition, “an infection that was not incubating at the time of admission is
considered nosocomial if it develops in a patient who has been hospitalized for 48 to
72 hours or more.” Health care-associated infections (HCAIs) are acquired by patients
during their hospital stay [17]. Initially, the term HCAIs was referred only to the
infections acquired by patients admitted to an acute-care hospital. At present, HCAI
includes infections contracted in various healthcare settings, such as long-term care,
family medicine clinics, home care, and ambulatory care, where patients get treated.
HCAISs are infections that first appear 48 hours or more or within 30 days following
hospitalization (can go up to 90 days for orthopedic implants) [18]. Adverse drug
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events (ADE), HCAIs and surgical complications are the most common types of
complications seen in hospitalized patients [19-23].

Estimates of the Center for Disease Control and Prevention (CDC) nosocomial
infections contribute 0.7 to 10.1% of deaths and cause 0.1 to 4.4% of all deaths
occurring in hospitals. US Center for Disease Control and Prevention project a figure
of 1.7 million hospitalized patients to acquire HCAIs annually and more than 98,000
of them die [24]. HCAIs are the common complications associated with hospital care
and one of the top ten leading causes of death in the USA [25]. Seven out of the 100
hospitalized patients in advanced countries and ten in emerging countries acquire an
HCAI [26]. In high-income countries, of the 5-15% hospitalized HCAI patients, 9-37%
are admitted to intensive care units (ICUs) [27, 28]. Around 0.5 million episodes of
HCAISs are diagnosed every year in ICUs alone [23, 29, 30]. ICU patients are critically
ill, immuno-compromised, and susceptible to HCAIs [31, 32]. Nosocomial infections
affect more than 1.6 million patients annually costing about $ 4.5 billion in the
United States.

Hungarian obstetrician Professor (Dr) Ignaz Phillip Semmelweis, visualized that
healthcare providers could transmit disease among themselves or to the patients. He
was working in a Maternity Hospital in Vienna when he identified the mode of
transmission and spread of puerperal sepsis. In 1847, he observed higher rates of
maternal deaths among patients treated by obstetricians and medical students com-
pared to those cared for by midwives. At that time, he found a pathologist while
carrying out an autopsy on a patient with puerperal sepsis accidentally wounded with
the scalpel and died of sepsis. Semmelweis wrote that “both scalpel and physician’s
contaminated hands could transmit organisms to mothers during labor.” He intro-
duced hand washing with chlorinated lime to be used by every staff working in that
obstetric hospital. This practice brought a large improvement in maternal mortality
rates [33]. Koch’s postulates published in 1890, “the germ theory of disease” gave
validity to Semmelweis’ theory of transmission of disease from doctor to patient.
Thus, Semmelweis became the first to describe HCAI and also provide intervention
through hand hygiene [34].

The 2021 National and State HAI Progress Report [35] provided a detailed classifi-
cation of different HAIs — “Central Line-Associated Blood Stream Infections
(CLABSI), Catheter-Associated Urinary Tract Infections (CAUTI), Ventilator-
Associated Events (VAE), Surgical Site Infections (SSI), Methicillin-Resistant S.
aureus (MRSA) bloodstream events, and Clostridioides difficile (C. difficile) events.”
The report provided details in the form of technical tables with additional statistics
about HAIs.

The report included infection-specific standardized infection ratios (SIRs) to mea-
sure progress in reducing HAIs compared to the 2015 baseline time period [36]. SIR is
the ratio of the observed number of infections (events) to the number of predicted
infections for a summarized time period. The report also included the standardized
utilization ratios (SURs), which measure the use of a device by comparing the number
of observed device days to the number of predicted device days [37]. The risk adjust-
ment methodology of 2015 national baseline is used to calculate the SIR and SUR
metrics.

1.2.1 Catheter-associated urinary tract infection (CAUTI)

CAUTI risk factors include catheterization for long periods, female gender, older
age, and diabetes [38]. High recurrence rates of antimicrobial resistance among
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uropathogens that resulted in increased economic burden to the patients were noted
in patients suffering from CAUTI. Increased morbidity and mortality of catheter-
associated UTIs (CAUTIs) are the common cause of secondary bloodstream
infections.

Hospital-acquired infections (HAIs) are associated with the use of devices such as
catheters, ventilators, central lines, etc. Major causes of HAIs is due to prolonged
hospitalization, use of invasive devices, such as catheters and irrational use of antibi-
otics [39]. More than 30% of annual infections are seen in the critical care area of the
hospital [24]. Among the device-associated hospital-acquired infections, Central line-
associated bloodstream infections (CLABSIs) are the most common [40]. It is
followed by catheter-associated urinary tract infections (CAUTIs) and ventilator-
associated pneumonia (VAP) [41].

Indwelling urethral catheters account for about 80% of UTI [40]. Catheters may
facilitate colonization of the urinary bladder due to poor catheter placement,
prolonged catheterization, poor aseptic technique, poor hand hygiene, and poor asep-
sis of the urethral orifice opening. Hence, catheters are a common source of urinary
tract infections [42]. Catheter placement is not directly associated with the develop-
ment of UTIs.

Each patient, depending on age, comorbidities, and socioeconomic status the test
result and frequency of a UTI can differ significantly. Gram-negative bacteria, such as
E. coli, Klebsiella spp., P. mirabilis, Ps. aeruginosa, and Citrobacter spp., are the pre-
dominant isolates in urinary tract infections. Gram-positive bacteria, such as S. aureus
and Enterococcus species, are the most common [43, 44].

A secondary hospital-acquired bloodstream infection may occur as
post-catheter-associated urinary tract infection, (17% of nosocomial bacteremia from
urinary tract infections) with an associated mortality of 10% [45]. Asymptomatic
bacteriuria is the presence of a significant bacterial count, that is, >10° CFU/mL
(Colony Forming Units/mL). In a well-collected urine sample with aseptic
precautions from a patient who has asymptomatic, bacteriuria is commonly seen in
clinical practice [46]. It is associated with low sequelae and low morbidity. In the
majority of cases, it is self-limiting. In pregnant women, asymptomatic bacterjuria
needs to be treated.

The urinary tract is usually sterile except for the distal urethra. The infection
mostly follows instrumentation of the urinary tract, particularly catheterization (66—
88%). Each case of hospital-acquired urinary tract infection adds approximately $675
to the cost of hospitalization, which increases to $2800 when bacteremia develops
[47]. Patient mortality may be high (~30%) [48]. The incidence of hospital-acquired
urinary tract infection can be reduced by decreasing the use of inappropriate indwell-
ing urinary catheters, using closed drainage and ensuring the removal of the catheter
when it is not required [49].

Leaving a urinary catheter for a long time iz situ contributes to the development
of a catheter-associated urinary tract infection (CAUTI) [50]. Risk of development
of CAUTT increases by 5% per day in relation to the length of catheter in situ.
Twenty-five percent of hospitalized patients are catheterized at some stage of their
admission. It is critical to follow proper practices and procedures to minimize the risk
of infection [51, 52].

A history of long-term hospitalization attributable to device-related infections
should alert the possibility of CAUTI. Common symptoms are dysuria, fever (>38°C),
urgency, frequency, dysuria without any cause, flank pain, supra-pubic pain, urinary
urgency, and hematuria. Positive urinary cultures are expected if the patient has not
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consumed antibiotics prior to the sample collection. The presence of bacteria in the
urine without these symptoms is due to colonization [49]. An increase in treatment
costs and risk of lethality for patients are observed.

Bacterijuria signifies either colonization (asymptomatic bacteriuria) or
infection. Bacteriuria can be found both in catheterized and non-catheterized
patients. Of the patients with catheter iz situ for more than 30 days, ~10-30% will
develop bacteriuria compared to 1% of non-catheterized patients [53, 54].
Colonization rather than infection is associated with bacteriuria accounting for more
than 90% of patients who are on the urinary catheter [55]. Diagnosis of CAUTI is not
evidence-based [56]. Established laboratory criteria to differentiate between CAUTI
and asymptomatic bacteriuria are not available. Clinicians rely on a combination of
clinical signs and symptoms in addition to laboratory-confirmed bacteriuria to
reach the diagnosis of CAUTI [57]. Clinical signs and symptoms of CAUTI are
fever, new-onset confusion, loin, or suprapubic pain [56, 58]. Fever is the most
frequently encountered symptom. However, the absence of fever does not rule out
infection [57].

1.2.2 Morbidity and mortality associated with CAUTI

An increased morbidity, mortality, and length of hospitalization are associated
with CAUTI [59-64]. In hospital-acquired bloodstream infection, CAUTI is the pri-
mary source of infection (8.5%) [65]. Bacteremia surveillance revealed 3.8% of cases
to have resulted from CAUTI [66].

1.3 Etiology

Noncomplicated cystitis (86%) and up to 90% of noncomplicated pyelonephritis
are mainly associated with E. coli infection [67]. Though E. coli is the most common
infection, complicated UTIs have a more varied etiology. Other gram-negative bacilli
like Klebsiella, Citrobacter, and Enterobacter spp. cause 11%; and Ps. aeruginosa, 8%.
Gram-positive bacteria also are encountered in catheter-associated urinary tract
infections (CAUTI) with D-group Streptococci causing 19% of them, and S. aureus, 4%
associated with complications. Polymicrobial UTI cases represent 30% of complicated
CAUTI. Other microorganisms such as yeasts cause 18% of UTIs. The significant
appearance of Ps. aeruginosa in those of nosocomial origin along with extended-
spectrum beta-lactamase (ESBL) and quinolone-resistant Enterobacteriaceae are
encountered in those having healthcare-associated acquisition and secondary blood-
stream infections [68].

Scottish Intercollegiate Guidelines Network (SIGN) recommends careful recording
of associated localizing (loin or supra pubic tenderness) or systemic features of
CAUTI. We have to exclude the possibility of other sources of infection. An appro-
priate sample of urine is to be sent for culture and the antimicrobial susceptibility of
the organisms identified. An empiric antimicrobial therapy has to be considered based
on the severity of the presentation, comorbid factors, and the local antimicrobial
susceptibility patterns and antimicrobial prescribing guidelines [56].

1.4 Pathogenesis

Urethral catheterization interferes with the local natural defense mechanisms of
the urinary tract. The length of the urethra and urine flow washes microorganisms
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away from the bladder. Most organisms that cause CAUTT have to enter the bladder
by migrating along the internal (intraluminal) and external (extraluminal) catheter
surfaces. Intraluminal migration occurs when there is contamination of the catheter
lumen that can occur due to the failure of a closed drainage system or from contam-
inated urine in the drainage bag. Extra luminal migration of microorganisms occurs
from the perineum that can occur at the time after insertion of the catheter or later by
capillary action via the outer surface of the catheter [58]. Patient’s flora in the peri-
neum region or the hands of HCWs provides the common pathogens associated with
CAUTI, which include E. coli, Enterococcus spp., Pseudomonas spp., Klebsiella spp.,
Enterobacter spp., or Candida spp [69]. Risk factors of CAUTI are the duration of
catheterization [59, 70, 71], underlying predisposing neurological disease, [61] female
gender, [71, 72] and diabetes mellitus [71]. The importance of virulence surface pro-
teins such as Type 1 and Type 2 fimbriae and surface attachment proteins such as
FimH has been shown to be important in UPEC organisms which have come to light in
recent days [72]. Similarly, pathogenicity islands (PAls) designated ICEPm1, papAH,
papEF, fimH, fyuA, and traT genes contribute to genomic variability and virulence
that have also been identified and studied [73].

2. Factors to be considered prior to the insertion of a urinary catheter

Catheterization is done to drain the urine from the bladder. The main cause of
hospital-acquired urinary tract infection revolves around the process of insertion to
removal of the catheter. Draining of the urine can be done not only by transurethral
catheterization but also by other routes, such as suprapubic or external drainage, by
using a condom. With catheter being a central point of infection, it is important to
prioritize the need of catheterization and if it is possible to avoid catheterization. The
above facts suggest the need to understand conditions where catheterization is
required, and when it can be avoided. There is a need to understand the methods of
catheterization for use in different situations. These factors are discussed with the
help of available literature on each variable factor.

2.1 Indications for catheterization and can catheterization be avoided?

Urinary catheterization is indicated [74-77] to relieve acute urinary retention due
to bladder outlet obstruction, for assessing the healing of an open sacral or perineum
wounds, to assist in achieving patient immobilization due to unstable thoracic, lumbar
spine, or pelvic fractures, to monitor urinary output in critically ill patients or when a
patient is unable or unwilling to collect urine during prolonged surgical procedures
with general or spinal anesthesia, during regional analgesia for labor and delivery, for
instillation of drugs or during urology investigations and for patient comfort during
end of life care. In spite of delineating the conditions requiring catheterization, a
urinary catheter is inappropriate in 21-54% of catheterized patients [78-80].

CDC guideline highlights the importance of limiting the use of urinary catheters to
reduce the risk of UTI [81]. European Prospective Investigation into Cancer and
Nutrition (EPIC) guidelines also advocate the selected usage of urinary catheteriza-
tion and highlight avoidance when possible [82].

The most important measure to prevent CAUTI is to limit the use of urinary
catheters and leave them in place only for the period indications persist [75, 82]. Based
on comprehensive risk assessment, evaluation and the expected duration of
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catheterization a decision is to be made regarding whether to catheterize and what
type of catheter should be used. Consideration should be given to alternative man-
agement methods (e.g., condom) [83].

Urinary catheters are to be used only when indicated and should be removed at the
earliest possible time. Complications associated with catheterization are infection,
bacteremia, urethritis, urethral strictures, hematuria, and bladder perforation
[84-87]. In practice, it is noted that indwelling urethral catheters are used when it is
not indicated or remain iz situ for a longer period than necessary [78, 79, 88].

As an alternative, the use of an external catheter (e.g., condom system) should be
considered if clinically appropriate and practical.

Urinary catheters should not be used for the convenience of patient care. It should
not be used for obtaining urine samples to perform diagnostic tests. Alternative
methods include the use of external catheter (e.g., condom system) or intermittent
catheterization.

2.2 Methods of catheterization

Catheterization could be external (condom system), or indwelling catheter (a)
inserted either in a health care facility or (b) by the patients themselves (self-
catheterization). Indwelling catheters are also further classified as (i) short-term (a
duration of catheterization intended to be less than or equal to 14 days) or (ii) long-
term (when a person uses a urinary catheter for at least four weeks, that is, for 28 days
or more or (iii) intermittent indwelling catheters. The selection of method of cathe-
terization should be decided on a patient basis.

Intermittent catheterization is advocated as a method of choice for patients with
idiopathic or neurogenic bladder dysfunction due to residual urine in the bladder.
Patients often experience urinary frequency, urgency, incontinence, and repeated
urine infections [89]. Intermittent catheterization lower the rates of CAUTI as com-
pared to urethral and suprapubic catheterization [75]. Greater patient independence,
reduced interference with sexual activity and reduced need for equipment and appli-
ances are the advantages [90].

Suprapubic catheterization is indicated for post-pelvic or urological surgery with
difficulty in voiding, urethral trauma, chronic prostatitis, and post-gynecological sur-
gery. Suprapubic catheterization is associated with lower rates of bacteriuria, re-
catheterization, and urethral stricture [75].

3. Understanding the contributory factors OF CAUTI

The number of factors associated with the process of catheterization. With the
available literature, individual factors are considered in the causation of urinary tract
infections. Discussion of the variable factors could be studied as the material or the
type of catheter used as input variable factors or the process of insertion to final
removal as a process variable factor.

3.1 Input variable factors

Knowledge of different materials has accumulated in the field of material science,
which has contributed to the development of a variety of catheters. These could be the
use of different metals or antibiotic-incorporated catheters, which could prevent
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bacterial growth or nonirritant materials, which could prevent damage of the urethral
epithelium, thus preventing breach of the surface of the urethral epithelial layer and
thereby help in the retention of the catheter for a longer duration of time. These
factors finally help the clinician to have a choice of the catheter to be used in different
situations. Similarly, the length and size of the catheter are important factors to be
considered.

3.1.1 Type of catheter

EPIC guidelines advocated the use of silver-coated catheters to reduce infection
rates. This was not addressed in the earlier CDC guideline. A Cochrane Review
concluded that the use of silver alloy indwelling catheters reduced the risk of
CAUTI [91]. They recommended economic evaluation to confirm the reduction
of infection.

Meta-analysis showed silver alloy-coated catheters to be significantly more effec-
tive in preventing bacteriuria [91-103]. Antimicrobial-coated catheters preventing
catheter-associated bacteriuria/funguria during short-term catheterization were
reported consistently [104]. However, no study demonstrated any clinical benefit for
the use of different types of catheters.

3.1.2 Selection of a urinary catheter

Urinary catheters are of various types, sizes, and are made up of different mate-
rials. Foley’s catheter is the most common type used. The Foley’s catheter may have
two or three lumens each of them with a different function to perform; one for the
inflation of the balloon, second one for urine drainage of urine, and third one for
irrigation.

3.1.3 Catheter size

Catheter size is measured by the diameter of the outer circumference (range
from 6Fr-24Fr - French (Fr) metric scale). The smallest gauge that meets the needs
of the patient should be the one to be given the choice of selection. It minimizes
urethral trauma, reflux bladder spasm, and the amount of residual urine collected
in the bladder. All these are predisposing factors to CAUTI [105, 106]. Catheters
are manufactured in different lengths. The manufacturer’s instructions are

applicable [107].
3.1.4 Catheter material

Catheter material should be selected based on the patient’s assessment and the
clinician’s preference. Duration of catheterization, patient comfort, patient history of
allergies to the components (such as latex allergy), ease of insertion and removal, and
the ability of the catheter material to reduce the likelihood of complications should
decide the type of catheter material selected [108].

Commonly polyvinyl chloride (PVC), hydrogel, latex, silicone catheters, or a
combination of these materials are used. Either latex or silicone-based catheters are
the standard ones. Latex catheters are strong, elastic, and flexible and are common
catheter types used for short-term catheterization. Silicone catheters (synthetic cath-
eters) replace latex catheters in patients with latex sensitivity. There is no significant
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difference between the latex and silicone catheters and their contribution when it
comes to the incidence of bacteriuria [85, 88, 109, 110]. For long-term use of
catheters, evidence is insufficient to draw conclusions [111]. CDC advises the use of
silicone catheters to reduce the risk of encrustation in long-term catheterized patients
[75]. For intermittent catheterization, single-use catheters are preferred and are
designed to be cleaned and reused. Manufacturers’ instructions are to be followed
strictly.

Antiseptic or antimicrobial-coated catheters are available with a variety of antimi-
crobial agents, such as gentamicin, [110] silver hydrogel, [93, 112] minocycline,
rifampicin, [113] chlorhexidine-silver, sulfadiazine, chlorhexidine-sulfadiazine-triclo-
san, nitrofurazone, [113] and nitrofuroxone incorporated into the catheters [114].
Antiseptic or antimicrobial-coated catheters significantly prevent or delay the onset of
CAUTI [110]. The poor quality of the studies makes decision-making difficult. Silver
alloy catheters appear to be associated with a reduced incidence of bacteriuria
[74,115-119]. A Cochrane Review suggests the use of silver-alloy catheters used for
less than one week [93]. The review also showed that antibiotic-impregnated catheters
had lower rates of asymptomatic bacteriuria at less than one week of catheterization.
When catheterization exceeded one week, the results were not statistically significant.
Studies are needed to evaluate cost-benefit effectiveness of antiseptic and
antimicrobial-coated catheters [77, 110].

3.2 Process variables
3.2.1 Use of aseptic (standard) precautions during urinary catheterization

To minimize the risk, HCWs are to be trained to perform catheterization and have
to be assessed. Their competency in technical aspects and application of the principles
of aseptic technique should be documented [74, 110, 120, 121].

Standard precautions “must be applied by all HCWs for all patients at all times.”
They are useful to contain transmissible microorganisms that may be present in blood
and body fluids, excretions, and secretions (except sweat). Standard precautions “must
be applied by all HCW for all patients at all times” while performing close activities
with patients, patients’ surroundings, and handling and disposing clinical waste [122].
HCWs should wear sufficient personal protective equipment (PPE) to prevent skin or
clothing contamination. Contaminated body fluids may contain pathogenic microorgan-
isms which may get transferred either to themselves or other patients. While performing
urinary catheter insertion, a disposable plastic apron, and sterile gloves will usually be
sufficient [110, 122]. Disposable plastic aprons and gloves are single-use items that are to
be worn and then discarded after each procedure [122]. Hands should be decontaminated
before the procedure, after the procedure, and also after removing PPE [123].

3.2.2 Aseptic technique

During the insertion of indwelling and intermittent urinary catheters, HCWs must
practice strict aseptic techniques and use sterile equipment as per the expert opinion,
clinical guidance, and principles of best practice [124-128].

The aseptic technique refers to the practices that help to reduce the risk of
post-procedure infections. This decreases the likelihood of microorganisms
entering the body during clinical procedures. The aseptic technique reduces the risk
of infection by preventing the transmission of microorganisms either directly or
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indirectly. Wide variations in the practice of aseptic techniques have been found in
different surveys. A standardized aseptic non-touch technique (ANTT)™ has been
developed [129].

3.2.3 Hand decontamination

Hand hygiene is the single most important procedure. The World Health Organi-
zation (WHO) advocates five situations (moments) of hand hygiene performance:
[129] (a) Before touching the patient, (b) before a clean or aseptic procedure, (c) after
body fluid exposure risk, which also includes emptying a urinary catheter drainage
system [125, 130], (d) after touching the patient’s surroundings, and (e) after touching
the patient. Except when an aseptic procedure is being performed, non-sterile single-
use gloves should be worn. Hands should be decontaminated before and after remov-
ing PPE [124, 125, 130].

3.2.4 Patient preparation

Patients should be provided with adequate information regarding the need for
catheter insertion, catheter maintenance, and removal of the catheter by the caregiver.
The patient should be given the opportunity to discuss the implications of the
procedure [120].

3.2.4.1 Skin/meatus cleaning and disinfection

Patient preparation to prevent infection during catheterization depends on the
method of catheterization, skin or meatus cleaning and disinfection. This process is
also carried out for daily maintenance of the catheter.

3.2.4.1.1 Meatus cleaning prior to catheterization

As infection can get transmitted via the external surface of the catheter during
catheter insertion especially when an indwelling or intermittent catheter is used. Here,
the urethral meatus should be cleaned prior to catheterization [77], which involves the
mechanical removal of exudate and smegma washing the meatus area with soap and
water [128]. The use of antiseptic solution versus sterile saline wash prior to catheter
insertion needs more evidence [64, 108, 131-134].

The standard practice of cleansing the urethral meatus is to retract the foreskin
(where possible), cleaning the glans penis, and return the foreskin to normal position
after insertion of the catheter. A front-to-back cleaning technique should be adopted
after the labia minora are separated for women. After a thorough cleaning, the ure-
thral opening should be washed and cleaned with sterile water or sterile saline solu-
tion. The area should be wiped dry using sterile swabs. The gauze ball or swab should
be discarded after a single use. The same procedure is to be performed before self-
intermittent catheterization.

3.2.4.1.2 Suprapubic catheterization

The skin over the insertion site should be washed with soap and water. Then, the site is
dried thoroughly. Then, it is cleaned with an aqueous or alcohol-based surgical site
disinfectant solution (e.g., chlorhexidine or povidone-iodine) as per local guidelines [135].
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3.2.5 Maintaining a sterile field

Before each procedure, environmental surfaces should be effectively cleaned and
disinfected as practiced for any other minor surgical procedure [136]. Maintaining the
integrity of the sterile field is important. HCWs should use sterile gloves and a drape
to create a sterile field [74]. Sterile catheter packs, which contain all needed materials
should be used [110].

3.2.6 Steps of catheterization

Steps of catheterization start from the process of insertion till the catheter is
removed. Since infection could occur at any step of catheterization, each of them are
analyzed with the available scientific data.

3.2.6.1 Catheter insertion

The CDC guideline stresses that catheters should be inserted using sterile equip-
ment and an aseptic technique [81]. The use of aseptic technique was not shown to
reduce CAUTI in a systematic review, [137] and following principles of good practice,
clinical guidance [81, 138], and expert opinion [119, 139-142]. However, the EPIC
guidelines concluded that urinary catheters must be inserted aseptically [82].

In a study focused on the influence of sterile versus clean technique for catheter
insertion found no statistical difference between the two groups, while there was a
considerable cost difference [143]. The sterile method was found to be more than
twice as expensive as the clean method. It was concluded that strict sterility was not
necessary for preoperative short-term urethral catheterization.

3.2.6.2 Insertion procedure
3.2.6.2.1 Indwelling urethral catheterization

The entry point for microorganisms into the blood and lymphatic system was a
bruise or trauma to the urethral mucosa that occurred during catheterization [144].
To minimize urethral trauma and infection, it is recommended to apply sterile lubri-
cant or anesthetic gel from a single-use container [110]. Once the catheter is inserted,
urine is allowed to drain and the balloon is inflated to secure the catheter in place. The
indwelling catheter is then connected to a closed sterile drainage bag, which is placed
below the level of the bladder to facilitate drainage.

Documentation of the patient information is recorded, which includes an indica-
tion for catheter insertion, date and time of catheter insertion, type and size of
catheter, amount of water used to inflate the balloon, any complications encountered,
review date and name of HCW who inserted catheter [145].

3.2.6.2.2 Intermittent catheterization

Intermittent catheterization is affected by the use of sterile or clean technique,
coated or uncoated catheters, single (sterile) or multiple-use (clean) catheters, self-
catheterization or catheterization by others, or by any other strategy that need further
clarification [89]. Many guidelines recommend an aseptic technique and sterile
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equipment for intermittent catheterization in a healthcare setting. A clean technique is
recommended for self-intermittent catheterization [75, 110, 145].

3.2.6.2.3 Suprapubic catheterization

Suprapubic catheter is commonly done in a theater by a urologist/surgeon, with all
sterile precautions. Some catheters are secured to the abdominal wall by a suture. A
small sterile dressing may be placed over the site, which can be removed after 24 hours.

3.2.6.3 Catheter maintenance and dwell time

The CDC guideline addresses adherence to a sterile closed system as the cornerstone
of infection control. Irrigation should be avoided unless there is a need to prevent or
relieve the obstruction [81]. The EPIC guidelines state that a sterile, continuously closed
urinary drainage system is central to the prevention of CAUTI [121]. The use of a closed
urinary drainage system is effective [126, 140, 141, 146-150].

The CDC guidelines [82] stress the need to avoid meatus care using povidone-iodine.
The EPIC guidelines, based on expert opinion [81, 140, 141] and one systematic reviews
[74] recommend against vigorous meatus cleansing. The EPIC guideline recommends
daily routine bathing or showering to maintain meatus hygiene [82, 117]. In three earlier
studies that investigated meatus care to prevent bacteriuria, little or no benefit was found
other than standard personal hygiene in patients with indwelling catheters [151-153].

The literature review concluded that flushing catheters and daily perineum care do
not prevent infection [147].

Only one study which examined different types of catheters showed that sub-
stances in the latex urinary catheter were toxic to E. coli [88].

There is a direct relationship between dwell time and incidence of infection
[81, 149, 154-156]. Urinary tract catheterization of at least 3 days was sufficient to
increase the risk of urinary tract infection [97]. Early removal is key to the prevention
of UTI [77, 151, 157, 158]. Early removal is also associated with shorter hospital stays
[91, 155].

3.2.6.4 Catheter vemoval

Neither the CDC nor the EPIC guidelines discuss catheter removal. Best strategies
for the removal of catheters were reviewed through 26 trials involving a total of 2933
participants [155]. Inconclusive evidence of the benefit for midnight removal of
indwelling catheters and the need for re-catheterization have been noted. There is
only a little evidence for the effectiveness of catheter clamping [91].

4. Management of urinary catheters

Care of drainage system needs proper care for infection prevention. Care of urinary
bag, catheter position, and handling of the wound are important in infection prevention.

4.1 Drainage systems

Urinary drainage is done through a catheter connected to a drainage tube, which
opens into a drainage bag. In a closed system, the catheter is to be connected to the
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drainage tube and that is not disturbed. Urine is emptied into the bag through a valve
or a port that reduces the risk of ascending infection from intraluminal transmission.
Irrespective of the drainage system, daily care is needed to prevent infection. Its
effectiveness is dependent on good catheter hygiene [77, 82, 109, 136, 159, 160].
Closed system is the best method to manage the drainage system to prevent CAUTI
[110, 117].

4.1.1 Drainage bags

Four main types of drainage bags are used with indwelling catheterization. A leg
drainage bag with a drainage tap directly attached to the catheter, a drainage bag with
a drainage tap secured to a catheter stand, a non-drainable bag with no drainage tap
which is secured to a catheter stand (useful for overnight drainage), and a combined
drainage bag and urinary catheter, which is pre-connected to the catheter during the
manufacturing process.

4.1.2 Management of catheterized patients

For catheterized patients with spinal cord injury and patients admitted to long-
term care facilities advocate reusing drainage bags after cleaning and disinfection is
advocated (Best practice guidelines) [160, 161]. It does not increase the risk of CAUTI
[161-163]. This practice is an unacceptable procedure since it does not provide a
validated method for decontamination [164, 165]. This practice is not discussed in
other evidence-based guidelines [74, 76, 77, 110, 117]. The recommendation is for the
use of single-use drainage bags.

Sterile and non-sterile (i.e., clean) drainage bags are available in the market. A
sterile bag is used for directly connecting the bag to the catheter which is accepted
by evidence-based guidelines [74, 75, 83, 110, 162]. Non-sterile Catheters are used
in some healthcare settings [165]. No studies comparing the CAUTI rate with
sterile and non-sterile night drainage bags were available in the literature and
require further studies. The use of pre-connected urinary catheters and
drainage bags reduces the risk of CAUTI [166]. However, there is no conclusive
data [75, 77, 166-168].

A good practice is to maintain the bag below the level of the bladder, [136, 169]
minimize contamination of the drainage bag outlet port by avoiding contact with the
floor or other surfaces, [136, 159] access the catheter drainage system only when
absolutely necessary (e.g., changing the drainage bag as per the manufacturer’s
instructions), [80] empty the drainage bag regularly to prevent reflux and use a
separate clean container for each patient and prevent the container touching the
drainage tap when emptying the drainage bag [80, 98].

4.2 Collecting catheter specimens of urine (CSU)

A sampling port is made available for the collection of urine samples. The sampling
port should be disinfected with an appropriate disinfectant (e.g., 70% alcohol) and
allowed to dry fully before collecting the sample. Manufacturer’s instructions should
be followed. Single-step, needle-free urine collection containers that are suitable for
laboratory use should be used to reduce HCW exposure to urine splash and needle
stick injuries [170].
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4.3 Catheter valves

A catheter valve is a device connected to the end of the catheter and its value is
being evaluated. The catheter valve allows urine to be stored in the bladder and
eliminates the need for a urine drainage bag. The valve is released at regular intervals
to prevent over-distension of the bladder or dilation of the renal tract. The catheter
valves may reduce the risk of CAUTI, [171-173] reduce bladder irritation [172] and
maintain bladder tone and capacity. This helps to improve the rehabilitation process
after catheter removal.

Evidence suggests that patients prefer to use the catheter valves [157]. But the use
of a catheter valve is contraindicated in patients with limited bladder capacity, [174]
reflux or renal impairment, [173] detrusor muscle instability, [165, 166] mental dis-
orientation, [171] impaired bladder sensation, [171] poor manual dexterity [175], and
immobility.

4.4 Securing indwelling urethral catheters

Use of adhesive, nonadhesive devices (e.g., elastic/Velcro® straps) to secure the
urinary catheter to the leg, or abdomen is recommended (best practice guidelines and
expert opinion) [75, 169, 175, 176]. By securing the catheters, trauma and bleeding are
reduced, dislodgement is prevented and bladder spasms, which may result from
pressure and traction are also prevented. These are seen as advantages [177, 178]. A
systematic literature review [178] has shown no evidence suggestive of catheter-
securing system capable of preventing CAUTI. Though no statistically significant
differences were found, the clinical significance of 45% reduction in the rate of
symptomatic UTI was noted in patients who received the securing device [179].

It is recommended to place the securement device at the stiffest part of the cathe-
ter (usually just below the bifurcation where the balloon is inflated) to prevent
occlusion of the lumen. The securement device can be placed on the abdomen or thigh
[176]. To prevent skin trauma from excess traction, a regular assessment is necessary.
In addition, adhesive material may result in skin irritation and dermatitis and elasti-
cized / Velcro® straps should be used with caution, especially in patients with
peripheral vascular disease [176, 180]. The skin site used for the securing device
should be regularly changed.

4.5 Suprapubic catheters

The suprapubic catheter emerges at right angles to the abdomen. It needs to be
secured in this position. Dressing and tapes should only be used on the healed inser-
tion site when it is absolutely necessary.

4.6 Meatus and insertion site care
4.6.1 Indwelling urethral catheters

There is no advantage in using antiseptic preparations for meatus care over
routine bathing or showering [136, 144, 181, 182]. Vigorous meatus cleansing
beyond normal hygiene practice is not recommended. It may increase the risk of
infection. Washing the meatus with soap and water during daily routine bathing
or showering is all that is required. If this forms part of a bed bath, the water
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should be changed and a clean cloth should be used [183]. Prevention of
contamination of the entry site of the catheter during cleaning is important. For
women adopting a front-to-back approach, washing toward the anus is to be prac-
ticed. For uncircumcised men, the foreskin should be retracted before the area
underneath is cleaned. This is often a reservoir for bacteria, particularly in the
elderly [169].

4.6.2 Suprapubic catheter

An aseptic technique with a suitable cleansing solution and a sterile dressing
should be used for wound care until the insertion site is healed [145]. Once healed, the
site should be washed daily with warm water and soap.

4.7 Catheter irrigation

There is no evidence to suggest routine irrigation of a urinary catheter. Using
antiseptic or antimicrobial agents to decrease CAUTI has no place in the management
[10, 121]. A closed continuous irrigation system should be used if irrigation is required
for other reasons (e.g., post-surgery). An aseptic technique should be used for inter-
mittent irrigation (e.g., flushing or installation of drugs).

4.7.1 Catheter blockage

Each patient should have an individualized care regimen designed to minimize
the problems of blockage and encrustation. The recurrent blockage is due to the
encrustation of the catheter from mineral salt deposits. It is a complication in
approximately 50% of all long-term catheterized patients [184]. Catheter
blockage causes leakage, bypassing of urine and urinary retention. This
condition results in the increased number of catheter changes. Encrustation on the
external surface can cause trauma to the urethra during catheter removal.

Catheter maintenance solutions (CMS) are acidic washout solutions. CMS is com-
monly used to prolong catheter life by reducing pH, which helps in the dissolution of
existing encrustations [82]. Disruption of the closed system increases the risk of
infection. Frequent blockage leads to frequent re-catheterization. Potential infection
risks associated with CMS use are outweighed by increased catheter life and reduced
patient discomfort [185]. HCWs should be alert for the signs and symptoms of auto-
nomic dysreflexia in patients with spinal cord injuries. Autonomic dysreflexia is a life-
threatening condition.

4.8 Catheter removal

The risk of acquiring bacteriuria has been estimated at 5% for each day of cathe-
terization, accumulating to 100% in 4 weeks. The longer the catheter remains i situ,
higher is the risk of infection [133]. Catheterization should be reviewed daily and
removed as soon as possible [75, 121, 182]. Clamping urinary catheters prior to
removal is not to be followed [75].
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4.8.1 Strategies for limiting the duration of short-term catheters

Success strategy in limiting catheter use and duration of catheterization is achieved
by implementing procedure-specific guidelines for postoperative catheter removal,
and providing reminders to physicians to review and limit the duration of catheteri-
zation [186-190]. Providing guidelines to manage postoperative retention may
include the use of bladder scanners [187]. Care plans/protocols directing nurses to
remove catheters need to be developed [187, 189, 191].

The effectiveness of reminder systems has helped in reducing CAUTI and
urinary catheter use. Rate of re-catheterization was reduced by 52% following the
use of reminder or stop orders. Duration of catheterization decreased by 37% and
re-catheterization rates were similar in control and intervention groups,
respectively [192].

4.8.2 Changing long-term catheters

Long-term catheterization is defined as a catheter in situ for greater than 28 days.
No consensus exists on how frequently such catheters need to be changed. Manufac-
turer’s instructions should be followed in addition to individual patient’s requirements
(e.g., before blockage occurs or is likely to occur) [76].

4.8.3 CAUTI preventive care bundles

Care bundles are useful in identifying the cause of CAUTI in each patient due to a
breach in the process of catheter care. It analyses the clinical, laboratory, bacteriolog-
ical, and radiological data and through root cause analysis (RCA) suggest corrective
and preventive actions (CAPA) needed to prevent CAUTI infection. It follows the
surveillance activity.

“A care bundle is a group of evidence-based practices that improve the quality of
care.” Care bundles have been developed for a range of conditions and disease pro-
cesses [193-196]. Implementation of care bundles is helpful in improving the care of
all patients in both multidisciplinary teams and individual wards/units. The decrease
is significant when adjusted for device utilization [197].

Compliance with a care bundle for an individual patient is measured as either
100% or 0%. To achieve 100%, all of the evidence-based components of the bundle
must be implemented. If one of the components of the care bundle is not in place,

a score of zero is allocated. The ward or team score is calculated as the percentage of

all patients with a urinary catheter that achieved 100% compliance with the care
bundle.

4.9 Antimicrobial prophylaxis

There is no role for routine antimicrobial prophylaxis. Prophylaxis after the change
or instrumentation of urinary catheters (both short and long-term) is not indicated.
Despite a lack of evidence, the use of prophylactic antimicrobial (aminoglycosides
are commonly used). This has resulted in overuse and increased resistance to antibi-
otics. The benefits of antimicrobial prophylaxis must be balanced against possible
adverse effects like selection pressure for the development of antibiotic-resistant
bacteria. C. difficile infection and antimicrobial toxicity are the other two effects
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of prophylactic overuse. Risk-benefit analysis cannot be reliably estimated. The
effectiveness of prophylactic antimicrobials at the time of urinary catheter
insertion, change, or removal is variable. There is a specific need for guidelines to be
established [198].

All reviews showed limited evidence for the use of prophylactic antibiotics for
both short-term and long-term catheters [155, 199]. Majority of best practice
guidelines do not recommend the use of prophylactic antimicrobials before the
removal of catheters. A comprehensive review also did not show any conclusion
[200]. There is also little data regarding the patient with a previous episode of
septicemia associated with catheter manipulations. The use of short-term
catheterization to prevent bacteriuria appear to be a better strategy than the use of
antimicrobials.

The asymptomatic bacteremia rate is approximately 10% per catheter change. It is
unwise to recommend the use of prophylactic antimicrobials for long-term
catheterized patients [200, 201]. Recently published guidelines from the US do not
recommend the routine use of systemic antimicrobials at the time of catheter place-
ment, removal, or replacement. According to CDC, unless clinical indications exist
(e.g., in patients with bacteriuria upon catheter removal post-urologic surgery), rou-
tine use of systemic antimicrobials is not required.

UK National Institute for Health and Clinical Excellence (NICE) guidelines
on antimicrobial prophylaxis against infective endocarditis also does not support
the use of antibiotic prophylaxis to prevent endocarditis in patients undergoing
urological procedures, including catheterization [202]. The British Society for
Antimicrobial Chemotherapy state that the risk of bacteremia increases in presence
of bacteriuria. Hence, treatment is recommended for pre-procedures [203]. US
guidelines on the prevention of infective endocarditis, state that no published
data is available to demonstrate a conclusive link between procedures of the
gastrointestinal or genitourinary tract to be related to the development of
endocarditis [204].

Prophylactic use of antimicrobials has no relation to change or instrumentation of
urinary catheters (both short and long-term). In patients with bacteriuria, high risk of
endocarditis or significantly immune compromised (e.g., patients with neutropenia,
hematological malignancy, post solid organ transplantation), definitive randomized-
controlled trials are needed.

5. Surveillance for CAUTI

Surveillance is “the ongoing systematic collection, analysis, and interpretation of
data and the timely dissemination of the data to those who need to know to prevent
and control infection” [205]. Prevalence studies are used to do surveillance of CAUTI
[206-208]. Prospective CAUTI surveillance is useful for high-risk groups: (e.g.,
patients admitted to intensive care surgical or obstetric units) [10]. Rates of CAUTI
range from 3.3 to 17.4/1000 catheter days among ICU patients [209-212]. Much lower
infection rates (1.24-2.26/1000 catheter days) are reported in long-term care institu-
tions [213]. Including CAUTT as part of the hospital’s regular surveillance program
should be considered by all hospitals depending on the risk profile of their patients
and available resources. CAUTI rate should be reported as the number of CAUTI per
1000 urinary catheter days.
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5.1 CAUTI definition for surveillance

The CDC or the HELICS definitions are most commonly used for HCAI
surveillance [214, 215]. HELICS definition of urinary tract infection is
specifically designed for use in intensive care units only. CDC definitions are to
be used in acute facilities. CAUTI surveillance should only include symptomatic
CAUTI, as the prevalence of asymptomatic bacteriuria is high among elderly care
residents [216].

5.2 Forms and protocol for data collection

Data collectors should be trained in the definitions, surveillance, and protocols to
be utilized. An example of data collection forms for CAUTI surveillance needs to be
standardized and used.

Calculation of the denominator: Denominator value data is collected in this form.
This is a daily count of all the urinary catheters in the area/patient group under
surveillance. The number of patients with urinary catheter device iz situ is known as
urinary catheter days. Data should be collected at a specified time each day.

Calculation of the numerator: The numerator data is collected in this form. It
represents the number of patients with CAUTI. This form is used to collect and report
each suspected or confirmed CAUTTI in the area/patient group under surveillance.
Additional information that is to be collected includes patient demographics, signs
and symptoms of infection, laboratory results if applicable and the presence or
absence of a urinary catheter.

The CAUTI rate per 1000 catheter days is calculated by using the following formula:

No of CAUTIs

1000
No. of U. Catheter days (denominator) x

Example: Calculation of CAUTI rate per 1000 catheter days.

1.One patient in the ICU met the case definition of a CAUTI in the month of
January (numerator = 1).

2.To calculate the number of catheter days (denominator data); add the number
of patients with a urinary catheter iz situ on each day in the month of January
(e.g., 4 patients on the first day of January had a urinary catheter ix situ; 6 on day
2;5on days 3 to 8, 6 on days 9 to 16, 4 on day 17 to 23 and 7 on days 24 to 31
(4+6+5+45+5+5+545+6+6+6+6+6+6+6+6+4+4+4+4+4+
4+4+7+7+7+7+7+7+7+7=144).

144 = denominator data (number of catheter days in the month of January in the
ICU).

3.The CAUTI rate for the month of January in the ICU (per 1000 urinary catheter
days) is thus:

1x1000

- 6.9 CAUTIs/1000 catheter days

CAUTI surveillance should be a part of routine hospital surveillance.
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5.3 Surveillance result feedback

Regular CAUTI rate feedback to the relevant area(s) of the healthcare facility is
very important along with any comments or suggestions for improvement. Ideally, it
is monthly or at least once in a quarter. Feedback helps the healthcare facility to
monitor the trends, identify outbreaks, and in addition to monitor the effectiveness of
preventative programs.

6. Clinical presentation

Clinically, CAUTI presents with fever, new-onset confusion, loin, or suprapubic
pain. Fever, though the most common symptom, absence of fever does not rule out
infection. The Scottish Intercollegiate Guidelines Network (SIGN) recommends
follow-up of catheterized patients with fever to be looked for associated localizing
loin or suprapubic tenderness or systemic features, exclude other sources of
infection, send an appropriate sample of urine for culture, consider empiric
antimicrobial therapy as required by clinical presentation and severity and existing
comorbid factors if any. Local antimicrobial susceptibility patterns and
antimicrobial prescribing guidelines should be the guide for the suggestion of
empirical treatment [56-58].

7. Laboratory findings

Bacteria in urine (bacteriuria) signifies either colonization (asymptomatic bacteri-
uria) or infection. Bacteriuria is detected in both catheterized and non-catheterized
patients. An un-centrifuged sample of urine shows plenty of WBCs with motile or
nonmotile bacteria on microscopic examination of urine. It is significant to note that
in patients with catheter in situ greater than 30 days, 10-30% will develop bacteriuria
compared to 1% of non-catheterized patients [53, 54]. More than 90% of catheter-
associated bacteriuria are cases of colonization rather than infection [55]. Definitive
diagnosis of CAUTI is not evidence-based [56]. Laboratory criteria for differentiating
between CAUTI and asymptomatic bacteriuria have not been established. The use of
molecular techniques for not only diagnosis of CAUTI but also for antibiotic
sensitivity for treatment may become important in the present scenario. Multiplexed
RTPCR probes can be prepared and would be used in these situations. LAMP is
another technology that is useful. Pathogenic bacteria can be tested for virulence
using specific PCR probes and by surface active proteins known as adhesion
proteins [72, 73].

A UTI can be tested by routine urine examination for the presence of bacteria, and
inflammatory cells. This could be followed by culture and sensitivity for testing their
sensitivity to different antimicrobials. With modern tools, phenotypic and genotypic
expressions could be analyzed. Same time secondary bloodstream infections with the
same organism detected in the urine could be noted. Their phenotypic and genotypic
expression would give the possibility of selection for antibiotic sensitivity or second-
ary infection with a hospital-acquired organism could be identified. Molecular tools
could be helpful in HAI surveillance of CAUTI.
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8. Health education and training of HCW's

All HCWs and caregivers require education regarding the insertion and the removal
of urinary catheter to prevent infection in the hospital setup. This is a continuous process
and should be conducted at regular intervals. A similar education regarding the urinary
catheter is to be given to the relatives and patient carers regarding the need for cathe-
terization, catheter maintenance, chance of patient developing CAUTI, and importance
of catheter care and how long the patient needs catheterization. They also need to be
trained in meatus care with bathing, use of soap and water, and aseptic procedures used.
This is not only an education to maintain the catheter in home care, intermittent and
self-catheterization but also to induce confidence among the care givers.

8.1 Education for healthcare workers

A number of studies have demonstrated staff education programs can reduce HCAI
[217, 218]. Best practice guidelines recommend staff education as a key factor in
preventing CAUTI [10, 75, 110, 117, 181]. Education is a continuous process. It is to be
done compulsorily at the time of induction of new staff. It should also become a regular
education for HCWs. An induction education program should provide information
regarding indications for catheterization, safe insertion technique, catheter mainte-
nance, catheter removal, obtaining a urine specimen, and signs and symptoms of
urinary infection. Attendance records of education sessions should be maintained.

The retraining education program should include technical topics, such as indications
for catheterization, management of catheters, and removal of catheters, when no longer
required. Some deficits in the knowledge and practice of HCWs have been identified.

The deficits in knowledge form the need for the next training. Some of the training
needs identified include inappropriate use of a drainage tap to collect urine samples,
[219] inappropriate use of lubricants for insertion, [220] daily changing of catheter
bags [220], and poor documentation of the process [82, 221].

8.2 Education for patients/relatives/carers

Appropriate education of patients, relatives, and carers should focus on the
management of urinary catheters, so that they can take part during home care
[10, 75, 110, 119]. They should be trained for intermittent catheterization, insertion
technique, and care of reusable catheters where appropriate. Support should be
available for the entire duration of the catheterization [83].

Well-designed and appropriately written patient educational materials can aug-
ment other educational efforts, which ultimately improve patient care [222, 223].
These patient information leaflets should have a description of catheter care, empty-
ing the catheter bag, when the catheter and catheter bag requires to be changed, signs
and symptoms of complications (e.g., infection, leakage, and blockage), and whom to
contact should complications develop.

9. CAUTI prevention

Numerous guidelines to prevent CAUTT highlight the importance of educational
measures for all healthcare professionals [51]. Hand hygiene is the most important
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preventive step. If a patient is found to be colonized or infected, contact precautions
along with a good environmental cleaning to avoid the Multi-Drug Resistant (MDR)
organism transmission should be emphasized.

Unnecessary catheter insertion should not be encouraged. Reducing the period of
catheterization is a relevant prevention strategy [78].

In a prospective study, initial indication was judged to be inappropriate in 21%, and
continued catheterization was judged to be inappropriate for almost one-half of catheter
days [80]. Surveillance is important [224]. A nationwide study showed 56% of hospitals
were not having a system for monitoring and 74% did not monitor the duration of
catheterization. A French prospective interventional study showed a reduction in
CAUTI from 10.6 to 1.1 episodes per 100 patients when nurses and physicians were
reminded daily to remove unnecessary urinary catheters four days after insertion [154].
It also decreased the incidence of CAUTI from 12.3 to 1.8 per 1000 catheter days.
Alternative prevention strategies (use of antimicrobial-coated catheters, catheter irriga-
tion with antimicrobials, antimicrobials in the drainage bag, or prophylaxis with cran-
berry products) can also be considered but they need more studies. In conclusion,
simple practices, such as hand hygiene, limited and judicious use of catheters, and the
use of some preventive additive procedures, can prevent CAUTIL

10. Treatment

Treatment of asymptomatic bacteriuria is needed only in pregnant women, before
transurethral resection of the prostate or any traumatic genitourinary procedures asso-
ciated with mucosal bleeding, in immunosuppressed patients, or after the first year of
renal transplantation [225]. Treating nonpregnant women is to be considered if there is
asymptomatic bacteriuria in the first 48 hours after urinary catheterization. In other
cases, antibiotics only eliminate bacteriuria transitorily. Antibiotic administration nei-
ther decreases the frequency of symptomatic infection nor prevents further episodes of
asymptomatic bacteriuria. Drug pressure could select MDR microorganisms.

Symptomatic bacteriuria needs withdrawal or replacement of the urinary
catheter before initiating antibiotics [226]. To choose an empirical treatment, under-
lying conditions and the local epidemiology should be considered (risk of MDR).
Carbapenems should be used in patients with high-risk Multi-Drug Resistant empiri-
cal treatment. It is important not to recommend or administer empirical antimicrobial
treatment where antibiotics have more than 20% of resistant strains for non-
complicated UTIs or 10% for complicated ones (Ex.: Quinolones). Treatment must be
adjusted once an antimicrobial susceptibility report is available. Other antimicrobial
agents are used in accordance with the aetiological agent involved (yeasts or other
bacterial species). Fluconazole is the first-line antifungal agent recommended.
Amphotericin B is to be used only when fluconazole resistance is suspected. The
optimal treatment duration has been classically 14 days, but this can be shortened up
to 5 days if there is an adequate clinical response. Follow-up urine cultures are not
needed except if there is no clinical improvement 72 hours after the treatment is
started.

MDR microorganisms have emerged as a potential threat to infection control.
Piperacillin/tazobactam is not recommended in monotherapy as empirical
treatment of CAUTI if Multi-Drug Resistant microorganism is suspected.
Carbapenems can be used in monotherapy although higher dose regimens have
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fosfomycin [227]. Carbapenems with f-lactams/p-lactamase inhibitor

combinations (BLBIC) for treatment of bacteremia due to ESBL infections. E. coli had
no significant differences in urinary bacteremia or mortality when carbapenems with
BLBIC was administered as definitive or empirical treatment. For the treatment of
carbapenemases (CBP) Enterobacteriaceae; [228] Klebsiella pneumonia, combination
therapy with at least two drugs displaying iz vitro activity against the isolate is
recommended. Combinations that included meropenem were associated with signifi-
cantly higher survival rates when the meropenem MIC was <8 mg/L. Thus, for the
treatment of UTI caused by MDR microorganisms, either monotherapy or bi-therapy
should be decided considering the severity of infection, severity of underlying condi-
tions, MIC values, and clinical response. Monotherapy can safely be used when no
severity of signs is present. Quinolones and cotrimoxazole can be used safely as a
definitive treatment only if MIC is optimal. New drugs like ceftazidime/avibactam
and ceftolozane/tazobactam need further studies.

11. Conclusion

The chapter analyzes various aspects from causation to prevention and treatment
of CAUTI with detailed literature for each factor involved. It addresses the various
views of different researchers on each of the subtopic of catheterization keeping the
cost factor also.

The final conclusion is that catheterization is inevitable but used only when it
is needed. While using an appropriate method of catheterization, appropriate
catheter, simple procedures of asepsis, and keeping it in situ only till the period that is
needed are to be kept in mind. If an intermittent catheterization is needed, it should
be accepted as the procedure that is needed for that particular patient (patient-
centric). To keep patient care as an important priority, the HAI surveillance program
is to be adopted by the hospital and carried out regularly and reviewed periodically.
Appropriate corrective measures are required to prevent HAI in general and CAUTI in
particular.
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Chapter 3

Non-Microbiological Tests for
the Diagnosis of Urinary Tract
Infection

Laura Cristina Nocua-Bdez and Jorge Alberto Cortés

Abstract

After clinical evaluation, suspicion of urinary tract infection might be modified
by different tests that have the ability to augment (or diminish) the probability of a
positive urinary culture and a confirmed diagnosis. In this review, we evaluate the
possible role of different non microbiological test for the diagnosis of an urinary tract
infection. Some of them might be easily available in the office or a busy emergency
room, while others require more sophisticated infrastructure. Due to the high
frequency of urinary tract infections, the diversity of symptoms, the difficulty of the
diagnosis in some group of patients (e.g., older patients, those with dementia, etc.),
and the lack of a gold standard, those non-microbiological tests might contribute to a
correct diagnosis and a proper use of antibiotics in difficult cases.

Keywords: urinary tract infections, urine dipstick, biomarkers, renal gammagraphy,
dipstick test

1. Introduction

Urinary tract infection (UTI) is an inflammation of the uroepithelial tissue,
renal parenchyma or prostate resulting from pathological interaction with a
microorganism. According to the anatomical location of the involvement, it might
be divided into upper infection when it corresponds to pyelonephritis and lower,
related to the renal pelvis or lower urinary tract, and refers almost exclusively to
cystitis. Although this infectious disease is one of the most frequent reasons for
consultation in all age groups, the most affected are women of reproductive age, with
a peak between 14 and 24 years of age, due to the fact that sexual activity increases
the probability of urovaginal colonization by Enterobacteriaceae present in the
gastrointestinal tract. It is estimated that during their lifetime more than 60% of
women may have at least one episode of urinary tract infection, and that it may recur
27% in the first 6 months, and more than once in 2.7% of patients [1].

The Enterobacterales group is the most frequent etiology of urinary tract
infection, whose main pathogen is Echerichia coli in up to 90% of cases, followed
by Klebsiella spp, Proteus spp, Entevobacter spp, and Citrobacter spp. Other
microorganisms are Enterococcus spp, Pseudomonas spp, and Staphylococcus
saprophyticus. UTT might be divided into complicated or uncomplicated, according
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to the presence of predisposing factors for failure of antimicrobial treatment

such as anatomical or functional alterations of the urinary tract, pregnancy, and
comorbidities such as diabetes mellitus [2]. The specific frequency of microorganisms
for each group varies according to the clinical scenario, since in uncomplicated UTI,
E. coli accounts for more than 90% of isolations, while in complicated UTT it is usually
found in only 50 to 60% of patients.

In the diagnosis of UTI, the analysis of symptoms is fundamental; patients may
present a variety of clinical manifestations, the finding of which is not specific. In
general, it is important to consider differential diagnoses at the abdominal level,
urological pathologies such as urolithiasis, genital pathology in women, and sexually
transmitted diseases. The clinical presentation of the disease varies depending
on the location; in the case of cystitis, the most important manifestations are the
irritative symptoms of dysuria, tenesmus, hematuria, tenesmus, polyuria, and
pollakiuria, in the absence of vaginal symptoms such as irritation or leucorrhea.
Upper tract infection is characterized by systemic inflammatory signs such as fever
(temperature greater than 38.3°C), tachycardia, tachypnea, nausea, and chills, which
are accompanied by laboratory alterations such as leukocytosis or leukopenia; severe
lumbar or abdominal pain may also occur. Approximately 30% of cases of high UTI
are accompanied by irritative urinary symptoms [3]. Because of the broad clinical
presentation and the nonspecificity of symptoms, the most important criterion for
the diagnosis of UTI is the identification of bacteriuria, usually with elevated colony-
forming unit counts (greater than 100, 1000 or 100,000 depending on the clinical
scenario). However, although urine culture is fundamental for establishing the
picture, the differential diagnosis is broad, and the frequency of bacteriuria without
symptoms of cystitis is relatively frequent in patients with complicated infection.
Therefore, to improve diagnostic certainty in the presence of bacteriuria and to
support the rational use of antimicrobials, non-microbiological laboratory tools can
be used to support the diagnosis. The aim of this chapter is precisely to describe the
usefulness of several non-microbiological diagnostic tests that can help support the
diagnosis of a urinary tract infection.

2. Limitations of bacteriuria identification

Given the need to establish bacteriuria as a fundamental element in the diagnosis
of UTI, it is important to understand the limitations of its identification. Often, the
presence of bacteriuria alone, in relation to unclear clinical pictures or patients at risk
of poor progression (e.g., patients with Alzheimer’ disease) is used as an argument
for the use of antibiotics. This brings problems such as diagnostic uncertainty, poor
clinical results, risk of bacterial resistance, and adverse effects derived from their use.
This is the reason why additional tests may be required, hopefully with rapid results,
to clearly differentiate the sick patient from the colonized one. Here, we will briefly
describe the problems of sample collection and bacteriuria.

2.1 Collection and processing of the urine sample
The proper collection of a urine sample is of vital importance in the study of

a UTI, and the spontaneous midstream urine collection technique is preferable.
Another strategy is the use of an urinary catheter. However, this may increase the risk
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of development an infectious process, and it has been found that the use of catheter
for the collection of the sample, even used only once, may favor the development of
an infection in up to 1% of cases [4]. It is preferable to obtain the sample from the
middle of the urinary stream in order to clean the urethra, which may be colonized
by microorganisms not responsible for the clinical manifestations, at the beginning
of urination. This strategy also favors the reduction of sample contamination that
may be suspected with the finding of low epithelial cells and mucus in the urinary
sediment. Some cleaning methods prior to sample collection have been used, such

as washing the skin or periurethral mucous membranes, without finding consistent
benefits for reccommending it routinely [5]. In some cases, spontaneous sampling is
difficult, especially in elderly patients or those with comorbidities involving compro-
mised mobility, in which case the alternative is the use of catheterization. Suprapubic
puncture is the method that best guarantees the absence of contamination of the
sample, but it is uncomfortable, invasive, and impractical, so it is only used in very
specific scenarios.

All samples should be processed as soon as possible and refrigerated, as bacteria
can grow rapidly and their presence would be overestimated. Increases in the number
of colony forming units (CFU) per ml greater than 10° CFU/mL have been docu-
mented 2-4 hours after collection, which increases the likelihood of false positives.
The recommendation is to process the sample within 2 hours, otherwise refrigerate it
or place it in a preservative. The processing of the sample for cultures corresponds to
a microbiological test that is beyond the scope of this chapter. In general, it is con-
sidered the use of conventional media, semiquantitative methods, and an overnight
incubation at 35-37°C in ambient air for a maximum of 48 hours or more in case of
suspicion of fungal etiology [6, 7].

2.2 Bacteriuria, risk factors, and frequency

Traditionally it has been mentioned that urine is sterile in healthy individuals,
without comorbidity. However, studies have identified bacteriuria in up to 5% of
non-pregnant premenopausal women [8], and a complete microbiota related to urine
has been recently identified [9]. Other classical risk factors for bacteriuria include
urinary tract catheterization. Short-term use of bladder catheters may be associated
with bacteriuria in relation to device care and duration of use. It is estimated that
between 9 and 23% of patients may acquire bacteriuria as a result of device use [10].
Most patients resolve bacteriuria after device removal; however, a proportion may
end up with a urinary tract infection that becomes clinically evident within 48 hours.
Predictors of bacteriuria include ICU stay and a duration of the device for more than
10 days [11]. In fact, catheters of long duration, greater than 30 days, are considered
to have a colonization frequency close to 100%, independent of other care measures.
Intermittent catheterization in individuals who have spinal cord injury and require
it for problems related to neurogenic bladder may have a frequency of bacteriuria
ranging from 23 to 69%. Age, comorbidity, and site of care also have an effect on
the frequency of bacteriuria: Postmenopausal women increase the frequency of
bacteriuria in relation to decades of life and can reach 20% in those over 80 years of
age. However, in the latter scenario, it is confounded by comorbidity and site of care
[10]. Patients with diabetes may have a prevalence of bacteriuria that can reach 27%,
while men or women residing in nursing homes or chronic care settings may have a
frequency of up to 40 or 60%, respectively [10].
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3. Non-microbiologic urine tests for the diagnosis of urinary tract
infection

3.1 Urinalysis

Macroscopic and microscopic analysis of urine includes several parameters.
Relevant information on each of them is presented below:

3.1.1 Colow, odor, and pH

There are several initial characteristics to evaluate in a urine sample, such as
color, odor, and pH. A change in odor does not suggest infection; finding it “strong”
is usually due to a concentrated sample, although the presence of UTI may give a
pungent odor. There are findings in urine color that may be nonspecifically related to
infection, such as cloudy for pyuria, greenish or blue for Pseudomonas spp, purple for
Proteus spp, Morganella spp, Providencia spp, and even E. coli (product of tryptophan
metabolism to indoxyl sulfate) and red in relation to hematuria [12-14]. Normal
urinary pH is slightly acidic between 4.5 and 5.5; alkalinization of urine may occur
in the case of urolithiasis due to magnesium and ammonium phosphate crystals, due
to infection related to microorganisms that interfere with urea metabolism, such as
Proteus spp [12].

3.1.2 Pyuria by direct microscopy

Pyuria supports the diagnosis of urinary tract inflammation, although it is not
a specific element of infection because other pathologies can cause it, such as non-
infectious prostatitis, urolithiasis, postoperative abdominal or pelvic procedures, use
of urinary devices, sexually transmitted diseases, trauma, or sepsis. The absence of
pyuria in patients decreases the likelihood of an infectious process in light of the rel-
evant clinical elements; but it cannot be considered alone for the analysis of absence
of disease. For the search of pyuria in the microscopic study of urine, the sample must
be rapidly processed, in less than two hours, because of the accelerated deterioration
of leukocytes. It is possible to directly observe leukocytes and leukocyte casts that
can be counted in a centrifuged sample or with Gram stain. In general, counts greater
than 2 leukocytes/ mm? are suggestive of inflammation, which, as noted, does not
necessarily refer to infection. The most accurate test for the detection of pyuria is the
measurement of the urinary leukocyte excretion rate, with a cut-off point for infec-
tion greater than 400. 000 leukocytes/hour, but this is not routinely used because of
the impracticality of its realization; for this reason, it has been opted for the counting
of cells with hemocytometers, where the correlation with the cut-off point of the
leukocyte excretion rate and with significant Gram bacteriuria >10°CFU/ml is >10
leukocytes/mm3; counts of 8-10 cells/mm3 have been correlated with values below
<10°CFU/ml in samples without contamination by suprapubic aspiration in patients
with dysuria [15, 16].

3.1.3 Bacteriuria (without culture): dirvect microscopy and gram staining

The finding of bacteria in the examination of a urine specimen is the main aid
in the diagnosis of UTI. Bacteria can be observed directly in the sediment of an
uncentrifuged specimen or with Gram staining, the later being the most relevant
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method. Gram staining is simple and allows an early approach to the diagnosis

of infection; it can even guide empirical antimicrobial treatment based on the
characterization of infectious agents as Gram-positive or Gram-negative. The cut-
off values of CFU/ml are not entirely standardized, and the main studies on their
diagnostic performance are old. Significant bacteriuria without symptoms is defined
as a repeated finding in women of >10° CFU/ml in a midstream urine specimen;

in pregnant women, of more than >10° CFU/ml; and in men, of a specimen with
>10° CFU/ml. For patients with symptoms, bacteriuria is significant with a finding
on midstream urine collection in women >10° CFU/ml and in men >10* CFU/ml. For
these cut-off points, different diagnostic yields have been reported with a sensitivity
between 81 and 97% and specificity between 71 and 96%, [17-21].

3.2 Dipstick test

The dipstick allows the detection of enzyme activity in patients with suspected
UTTI such as nitrites from bacterial nitrate reductase activity, leukocyte elastase from
leukocytes that are presumably active in the infected urinary tract, and the presence
of red blood cells in relation to hematuria due to inflammation of the urinary tract.
The dipstick has become a noninvasive, practical, and rapid tool that supports
the diagnosis of an infection and can guide early decisions to initiate empirical
antimicrobial treatment, but should always be interpreted in conjunction with the
clinical picture of the patients.

3.2.1 Nitrite test

Urinary tract infection is often associated with the presence of nitrite in the
urine as a result of bacterial nitrate reductase enzyme activity on nitrates [22].
The uropathogens that most cause UTI are nitrite producers; however, other
microorganisms such as Enterococcus spp, Pseudomonas spp, Streptococcus saprophyticus,
and other non-fermenting microorganisms do not produce it. One of the difficulties
of this test is that it should ideally be performed after at least 4 hours without
urination, because it requires the time necessary for the production of nitrites in the
bladder by bacteria. The diagnostic performance of the nitrite test in correlation with
significant bacteriuria in patients with UTI has been analyzed in several studies with
variable findings, reaching sensitivity values of 70.5% and specificity of 58% [23].
However, sensitivity might be as low as 28.9% [24]. In a meta-analysis that included
various population groups such as the elderly, children, pregnant women and the
general population, a sensitivity of 40 to 60%, and a specificity of 85 to 98% were
found, with the best performance in the elderly and the worst in pregnant women
[25]. Therefore, its most important value is its positive predictive value.

3.2.2 Leukocyte esterase test

The leukocyte esterase test suggests pyuria in urine, its basis is the hydrolysis
of ester substrates by the stereolytic activity of enzymes present in leukocytes that
produce alcohols and acids, mainly in neutrophils, which have more than 10 proteins
with this function. The positive result is evidenced by a change in the color of the test
strip whose intensity is proportional to the amount of pyuria, due to the presence
of resting or active leukocytes. The main false-positives of the test are the presence
of bacteria in the vaginal discharge, parasites such as Trichomonas and eosinophils.
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The most frequent false-negatives are high levels of protein or glucose, use of boric
acid preservatives or large amounts of ascorbic or oxalic acid [6]. The diagnostic
yield of leukocyte esterase is good in patients with suspected UTI in correlation with
bacteriuria, with sensitivity varying from 72% to 97.5% and specificity from 74.5% to
84.7% [26, 27]. In association with UTI, a sensitivity of 64% and specificity of 73%
has been documented. This performance varies according to the sampling setting; in
primary care the sensitivity is 76%, while in tertiary care units it is 62%. Due to the
fact that the reading of the test is observer dependent, if the physician is the one who
performs it, the sensitivity is 86%; in the case of the test performed by nursing group,
the sensitivity lowers to 67%, while if it is done by laboratory personnel, the resulting
sensitivity is 59%. Therefore, the professional involved in the interpretation of the test
strip must be well trained [28].

3.2.3 Leukocyte esterase and nitrites

The positive result of leukocyte esterase and nitrite simultaneously could further
support the diagnosis; this has been evaluated in several studies where it has been
found that the combination of these positive tests increases the sensitivity from
68-88%, with a variable performance in specificity. These findings appear to be more
accurate in urology patients. However, it is not clear that finding these two posi-
tive tests together helps to clarify the diagnosis of UTI or asymptomatic bacteriuria
[28-30]. The finding of a negative result of both tests helps to rule out infection, due to
their high negative predictive value; however, the interpretation must be made taking
into account the clinical scenario and the suspicion of differential diagnoses [25].

4. Acute phase reactants serum tests
4.1 C-reactive protein

C-reactive protein (CRP) is a pentraxin that is released by the liver as part of the
acute response to damage such as infection or inflammation, which has proven useful
in the diagnosis of different infectious processes; in UTI it can support the anatomical
location of the infection, the highest values have been correlated with acute pyelone-
phritis. Levels of 113.48 mg/L are associated with upper UTI versus 12.84 + mg/L for
those with lower tract infection. CRP has also been reported to be between 126.6 and
127.33 mg/L for upper UTI and between 4.7 and 14.5 mg/L for lower UTI. Attempts
have been made to establish cut-off points for this biomarker in relation to upper UTI,
finding that levels above 100 mg/L may be useful for this diagnosis [31, 32]. The per-
formance of CRP with a cut-off point of 20 mg/L for acute pyelonephritis in adults has
a sensitivity of 85.71% and specificity of 48%. However, in the search for the degree of
renal damage related to the differentiation between tissue invasion by the microorgan-
ism vs. only cystitis, there is no clear usefulness of the role of this biomarker [33]. In
children, a Cochrane meta-analysis found that a CRP value of 20 mg/L had a sensitiv-
ity of 94% and specificity of 39% for the diagnosis of acute pyelonephritis [34].

4.2 Procalcitonin

Procalcitonin (PCT) is a calcitonin precursor protein free of hormonal activity,
used for the early diagnosis of bacterial infections and sepsis; it is also useful for the
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correlation with the severity of disease and therefore corresponds to a prognostic
predictor [35]. PCT is generally elevated in systemic involvement and not in localized
infection such as cystitis. This biomarker is increased in acute pyelonephritis with a
variable sensitivity and specificity ranging between 70 and 100% and between 70
and 95%, respectively [36, 37]. In a study performed with children where PCT was
compared for the early diagnosis of UTI with CRP, erythrocyte sedimentation rate
(ESR) and leukocyte count, with a cut-off value greater than 0.85 pg/L, it had a better
performance with a sensitivity of 89%, a specificity of 97% and positive and negative
predictive values of 96% and 91%, respectively [38]. Another benefit of the use of
PCT in adults in this context is the prediction of secondary bacteremia that occurs

in up to 23% of patients; a level higher than 0,25 pg/L has a sensitivity of 95% and a
specificity of 50% for this clinical presentation, so PCT values could be helpful for
early identification of complications of acute pyelonephritis that lead to longer hos-
pital stay, mortality, and health care costs. A PCT level < 0,25 pg/L reduces the use of
blood cultures by up to 40%, with a loss in the detection of bacteremia of 3% [39]. It
is worth remembering that PCT elevates its value in patients with renal failure (acute
or chronic) and is not interpretable in patients with creatinine levels above 1.5 mg/dl.
Currently, the available information on PCT in adults with pyelonephritis could not
be used to generate a clear recommendation.

4.3 Other biomarkers in urinary tract infection

Due to the low specificity and intermediate sensitivity of non-microbiological tests
for the diagnosis of UTI such as leukocyte esterase, nitrites, pyuria, PCT, and CRP,
which even lead to overtreatment in up to 43% of patients and undertreatment in 13%
[40], with consequences such as high recurrence, prolonged hospital stays, increased
bacterial resistance and renal damage, in recent years there has been increased
interest in the search for diagnostic tests that are reliable and easily performed.

One of the biomarkers is neutrophil gelatinase-associated lipocalin (NGAL),
which is also an acute phase protein like CRP; it rises after 12 hours from the onset
of a UTI, and its maximum peak occurs at 72 hours; it can be measured in serum or
urine, and in the later, it is even a predictor of the resolution of the infection and at
the same time of its duration [41]. One of the advantages of the use of NGAL is that it
is not influenced by the glomerular filtration rate unlike CRP and PCT, but apparently
it does not allow to establish the localization of the infectious process [42].

Another group of promising biomarkers are the cytokines present in all infectious
and inflammatory processes, which could have a good sensitivity for UTI with an
intermediate specificity. The most studied are interleukin 1-beta (IL-1f3) in urine and
serum, and in children a value in urine greater than 150 pg./mL for the diagnosis of
acute pyelonephritis has a sensitivity of 79% and a specificity of 88% [43]. Interleukin
6 (IL-6) in urine in elderly adult patients with a cut-off level of 30 pg./mL allows dif-
ferentiation of acute pyelonephritis from asymptomatic bacteriuria with a sensitivity
of 80% and a specificity of 82%, while its usefulness in defining UTI vs. asymptom-
atic bacteriuria has a sensitivity of 48% [44, 45]. Regarding interleukin-8 (IL-8) in
urine, a value higher than 200 pg./mL in children indicates a UTI, with a sensitivity of
93% and a specificity of 90% [46].

Other tests have been studied such as heparin-binding protein product of
neutrophil activation, matrix metalloprotease-9 (MMP-9) whose increase occurs
simultaneously with NGAL, lactoferrin, and heat shock protein-70 which appear to
be promising [47].
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5. Imaging tests

Although diagnostic imaging has traditionally been considered in the context
of suspected complicated pyelonephritis as a strategy for the identification of
comorbidities that may explain the presence of the infection, in some complex
scenarios its use may be considered to reach the diagnosis.

5.1 Renal ultrasound

Some authors recommend early imaging as a strategy for the timely detection
of complications or confirmation of the suspicion of acute pyelonephritis, but it is
considered that new and significant abnormal findings will be found in only 16% of
patients; therefore, it is necessary to perform new studies that evaluate cost-benefit
[48]. One of the most readily available imaging tests is ultrasonography (US), which
allows an initial approach, with findings such as hydronephrosis, obstructive uropa-
thy, papillary necrosis, renal abscess, local nephritis, inflammation of the perirenal
fat, and emphysematous pyelonephritis. One study found a sensitivity of ultraso-
nography of only 33% compared to tomography for the diagnosis of acute pyelone-
phritis [49]. Now the use of contrast has been added to US, finding that compared to
scintigraphy marked with dimercaptosuccinic acid and technetium 99 m (Tc-DMSA
and 99mTc), the sensitivity of this test is 86.8%, and the specificity is 71.4% [50].

5.2 Computerized axial tomography

Another imaging technique for the diagnosis of high UTI is computed tomography
(CT). The most frequently described findings for the diagnostic support of the
infectious disease are the presence of localized hypodense lesions, product of
renal ischemia due to infiltration of immune system cells such as neutrophils and
lymphocytes, parenchymal edema, and perirenal fat and/or gas (suggestive of
emphysematous pyelonephritis or abscesses). In a study with 24 patients with acute
pyelonephritis, a correlation between CT and scintigraphy marked with DMSA and
99mTc was found in 11 cases, but 11 of the remaining 13 had an abnormal CT with
normal scintigraphy, concluding that tomography has greater precision compared to
scintigraphy [51]. CT vs. US has a sensitivity of 81% vs. 33% for the diagnosis of acute
pyelonephritis [49]. In children the diagnosis of this infection is even more difficult,
so imaging strategies have greater importance, one of the most used is the DMSA
scan, which has been compared with CT, finding that the latter has the advantage
of differentiating and determining the local inflammatory changes of the renal
parenchyma that in the scan may go unnoticed [52].

5.3 Nuclear magnetic resonance imaging (NMR)

Magnetic resonance imaging is an imaging test that has the advantage of not
using radiation, but may not be readily available in all clinical settings. Alterations in
patients with acute pyelonephritis include areas of hyperintensity or hypointensity,
decrease or loss of normal corticomedullary differentiation, scarring, complications
such as perirenal fluid, collections or abscesses and gas. This diagnostic tool can
also differentiate acute lesions from scarring, which cannot be determined with
conventional nuclear medicine techniques. The diagnostic performance of this test in
patients with acute pyelonephritis has shown a sensitivity of 96% and a specificity of
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86% [53]. Another study showed a sensitivity of 89,5% and specificity of 87,5% for
NMR and a S of 86,8% and E of 87,5% for computed tomography [49].

5.4 Nuclear medicine: radioactive isotope scintigraphy

Scintigraphy labeled with radioactive isotopes such as DMSA and 99mTc is a test
that has been used mainly in pediatric patients in order to identify renal involvement
and to define prognosis. Its use in adults has been limited. This diagnostic tool is
useful to determine the functional renal tubular mass, so its great advantage is to
detect regional damage, specially cortical involvement. There is consensus on its
use in the search for renal scarring, for example, after acute pyelonephritis, but
its diagnostic capacity for acute events is controversial. Single photon emission
computed tomography (SPECT) is another scintigraphy technique, which is also more
popular in the pediatric setting. In animal models when comparing SPECT vs. CT vs.
MRI for the diagnosis of acute pyelonephritis, SPECT has a sensitivity of 92.1% and
a specificity of 93.8%, MR of 89,5% and 87,5%, CT of 88,2% and 93,5%, and US of
56,6% and 81,4%, respectively [54]. For the detection of acute pyelonephritis, in the
comparison of the use of planar or standard DMSA vs. SPECT, the latter technique
has a sensitivity of 97% and specificity of 66%, vs. 82% and 97%, respectively, for
standard DMSA [55].

In Table 1, the diagnostic performance of the different non-microbiological tests
for urinary tract infection is summarized. Cut-off points and specific test findings are
given in the text.

Diagnostic test Sensibility% Specificity% Clinical scenario Reference
(Range%) (Range %)

Pyuria (>10 85 (75-96) 96 (94-98) Patients with significant [16]
leukocytes/mm3) bacteriuria >105 CFU/ml as

diagnostic criteria for UTIL
Bacteriuria in urine 89 (81-97) 93 (91-96) Adults with a clinical [10, 17, 18,
Gram (>105 CFU/ diagnosis of UTIand a 20, 21]
mL) positive urine culture
Dipstick: nitrites 50 (40-60) 91 (85-98) Children, adults, elderly, and [28]

pregnant women with UTI

Dipstick: esterase 85 (72-97,5) 84 (74,5-84,7) Adults and elderly with [27,28]
significant bacteriuria
>105 CFU/ml and symptoms

of UTI

Dipstick: nitrites 78 (68-88) 62 (55-87) Adults with significant [28,30]
and esterase bacteriuria >105 CFU/ml

and symptoms of UTI.
C-reactive protein 94 (85-97) 39 (23-58) Children [34]
>20 mg/L
C-reactive protein 57,2 (48.9-65.4) 54,4 (51.8-57.0) Adults aged >65 years [56]
> 6.5mg/L
Procalcitonin 86 (72-93) 74 (55-87) Children [34]
> 0.5pg/L
Procalcitonin 95 (89-98) 50 (46-55) Adults with bacteremia [39]
> 0.25pg/L secondary to UTI
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Diagnostic test Sensibility% Specificity% Clinical scenario Reference
(Range%) (Range %)
Interleukin 1-beta 79 88 Children with acute [43]
(IL-1B) > 150 pg./ml pyelonephritis
Interleukin 6 (IL-6) 80 86 Elderly with acute [44]
> 30 pg./ml pyelonephritis
Interleukin 8 (IL-8) 93 90 Children [46]
>200 pg./ml
Ultrasonography 86,8 714 Children with acute [50]
with contrast pyelonephritis vs. Tc-DMSA
and 99mTc
Computerized axial 81 — Adults with acute [49]
tomography pyelonephritis vs. US and vs.
DMSA
Nuclear magnetic 96 86 Adults with acute [53]
resonance pyelonephritis vs. CT scan
Table 1.

Diagnostic yield of non-microbiological tests for urinary tract infection.

6. Conclusions

Urinary tract infection is a common disease in all age ranges, which requires early
diagnosis for timely treatment to reduce patient complications. There are several
non-microbiological tests available that support the diagnosis of this infection and
decision making for the start of empirical antimicrobial treatment; the most com-
monly used are direct microscopy of the urine sample, Gram stain and dipstick, all of
which should always be interpreted with the clinical manifestations of the patients.
The most important finding is the presence of bacteria in the urine sample. There
are several biomarkers that can aid in UTI diagnosis, localization and prognosis of
patients, such as CRP; promising new biomarkers that may contribute to diagnosis
are being studied, such as NGAL, IL-1{3, IL-6, and IL-8. Imaging techniques are also
tools for the diagnosis of UTI, with greater importance in the search for complications
or associated structural or functional alterations, and limited information for their
routine use in clinical settings.
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Chapter 4

Role of Urine Examination in Renal
Transplant Recipients

Lovelesh K. Nigam

Abstract

Kidney transplantation has emerged as a major advance of modern medicine,
providing high-quality life years to patients with end-stage renal disease (ESRD).
Post-transplant monitoring of the transplanted kidney is based on physical
examination, urine volume, the assessment of albuminuria or proteinuria, serum
creatinine, and glomerular filtration rate (GFR) estimation based on serum creati-
nine. Of these multiple investigations, serum creatinine and urine analysis is one of
the most widely used and accepted tool to assess graft dysfunction as well as plan
management. Various immunological (rejections-antibody, cellular) and non-
immunological (polyoma virus nephropathy, mycosis, recurrent/de novo diseases)
may affect the graft function. Changes in various parameters like urine osmolality,
proteinuria, hematuria and presence of casts, crystals and other cellular constitu-
ents aids in diagnosis diseases of the allograft. This chapter thus highlights the
importance of most frequent parameters that help in assessing the graft function.
In addition to these parameters, a brief introduction of biomarkers is also included.
Many studies have shown that these biomarkers have a promising role in diagnosis
of allograft disease and thus avoiding interventional procedures like renal biopsy.
Easy availability as well as low-cost of the urine examination makes it a promising
tool for overall assessment of the graft dysfunction.

Keywords: renal transplant, proteinuria, hematura, rejection, tubular injury,
biomarkers

1. Introduction

Kidney transplantation has emerged as a major advance of modern medicine, pro-
viding high-quality life years to patients with end-stage renal disease (ESRD) [1, 2].
The prevalence of end-stage renal disease requiring transplantation in India is esti-
mated to be between 151 and 232 per million population [3]. Post-transplant monitor-
ing of the transplanted kidney is based on physical examination, urine volume, the
assessment of albuminuria or proteinuria, serum creatinine, and glomerular filtration
rate (GFR) estimation based on serum creatinine [4]. Of these multiple investiga-
tions, serum creatinine and urine analysis is one of the most widely used and accepted
tool to asses graft dysfunction [3]. Urine examination, known as “Uroscopy” in
ancient time was considered as the mirror of medicine for several thousands of years.
The physicians felt they could view the body’s inner workings and get the insight of
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the disease process by urine examination [5]. Urine examination aids diagnosis as well
as management of both native as well as allograft kidney diseases [6].

Specific patterns in urinalysis provide information about graft function as well as
renal diseases that can influence graft function [7]. It is a readily accessible, non-
invasive tool, can be repeated anytime, cost effective as well as better tolerated than
an invasive renal allograft biopsy. There are various causes for graft dysfunction, and
these could be either acute or late. Urine analysis can help in diagnosis, follow-up and
as well help in determining the graft outcome. Urinary abnormalities, such as hema-
turia or casts, are also useful in detecting and diagnosing allograft dysfunction [8, 9].

1.1 Causes of graft dysfunction

Before discussing about the role of urinalysis, it is important to determine the rea-
sons for renal allograft dysfunction [9, 10]. Renal allograft dysfunction may be acute
or late, the causes can broadly be classified as immunological or non-immunological.
The immunological causes are usually acute and chronic rejections. The non-immu-
nological causes include recurrence of a native disease, infections (bacterial, viral or
fungal), acute tubular injury, drug toxicity, vascular complications, etc. [10]

Various parameters have been analyzed in urine of renal transplant recipients.
These include determination of urine volume, urine osmolality, protein, glucose,
blood and leucocytes. We conducted a pilot study in 310 renal transplant recipients
who underwent renal allograft biopsy over a period of one year, where we analyzed
the corresponding urinary findings which were compared with the morphological
findings on renal allograft biopsy.

2. Urine osmolality

Osmolality marks the renal concentrating power, which depends on tubular function
of the nephrons. Mazloum et al. in their study observed that altered osmoregulation
performance, three months after transplantation is independently associated with
allograft loss as well as reduced mGFR at 12 months [11]. When the graft suffers an
ischemic lesion, the osmolality is lower as compared to that of a healthy kidney [12].
When we analyzed our set of patients, we found that the mean osmolality for patients
with morphological evidence of rejection on RAB was 322.7 + 141.3 mOsmol/l. This value
was high as compared to patients having biopsy that were unremarkable for any immune
or non-immune injury (mean urine osmolality: 116.2 + 75.2 mOsmol/l). The osmolality
of patients with biopsy features of acute tubular injury was 210 + 82.2 mOsmol/l. Overall
we recorded a higher value for urine osmolality in patients having acute rejection as
compared to acute tubular injury or an unremarkable graft morphology.

Similar findings were also reported by Jenni et al. The receiver operator curve for
osmolaluria to predict a rejection in the first 14 postoperative days showed an AUC
(area under the curve) of 0.816 on day 2. The same study observed that if osmolaluria
falls below 600 mOsmol/l, sensitivity and specificity for prediction of rejection is
66.7% and 89.5%, respectively [7]. Otto Schuck et al. examined early-morning urine
osmolality in 104 transplant recipients (aged 21-76 years) and compared with findings
of chronic renal allograft nephropathy by studying changes of interstitial fibrosis and
tubular atrophy on biopsy. They postulated that the concentrating capacity of the graft
kidney is decreased, however they did not report a significant correlation between
concentrating function and tubulointerstitial histology findings with a mean urine
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osmolality of 384 + 120 mOsmol/1 [13]. In our patients with chronic renal allograft
nephropathy the mean osmolality was found to be 282.4 + 1371 mOsmol/L. In biopsies
with morphological features of interstitial fibrosis and tubular atrophy the mean urine
osmolality was 242.2 + 114.4 mOsmol/l. We conclude that alone urine osmolality might
not be a good variable for diagnosis. The values need to be interpreted with respect to
clinical features as well as taking other findings in considerations.

3. Proteinuria

Proteinuria (including albuminuria) is an independent factor implicated in
kidney damage in native as well as kidney allografts [14]. Recommendations are to
perform urinalysis and urinary protein excretion to be assessed regularly in the post-
transplant period. Most of the studies recommend that these investigations need to
be performed at least every 2 to 3 months during the first post-transplant year and
annually henceforth [8]. Many unique proteins, peptides, and other substances are
excreted in urine in the patients who undergo renal transplant which could be useful
to predict the outcome of the renal allograft [15, 16]. It is estimated that proteinuria
is a common finding in post-transplant patients, the incidence being more than 40%
kidney transplant per year. Various studies have found that even if proteinuria is low
(<500 mg/day), there is still significant reduction in the graft function and reduced
patient survival [17]. Even late onset proteinuria in post-transplant patients has been
found to be associated with reduced graft and patient survival [18]. Proteinuria in
the first year of transplant appears to be multi-factorial. Common causes of protein-
uria implicated are residual proteinuria, glomerular diseases, effects of anti-HLA
class IT antibodies and drugs like mTOR inhibitors, tubulointerstitial disease of the
graft, nephrosclerosis, renal vein thrombosis and reflux nephropathy [7, 17]. Causes
for late onset proteinuria in renal transplant patients include: relapse or de novo
glomerulonephritis, transplant glomerulopathy and chronic rejections. A proteinuria
of >0.5 g/l and > 0.8 g/l have found to have a specificity of 80% and 90%, respec-
tively, regarding prediction of rejection [7]. Studies have shown pre-transplant
proteinuria (even of nephrotic range) considerable reduces in the first weeks, once
a normal functioning kidney is transplanted [7, 17]. This happens due to reduction
in the blood flow which occurs in native kidneys after transplant, if the graft is
functioning normally. In a patient with poor graft function, the blood flow of native
kidneys is maintained, which is the cause for persistent proteinuria in such patients.
For patients with a normal functioning graft, the presence of proteinuria above
3000 mg/day, three weeks after the transplant should raise a suspicion for presence
of a glomerular disease. This could either be a de novo or a recurrence of a primary
glomerulonephritis in the graft.

Many studies have studied the causes for post-transplant proteinuria. Among
the commonly used immunosuppressive agents, only Sirolimus has been impli-
cated in development of post- transplantation proteinuria [19]. One of the studies
documented that 58% of transplant patients with proteinuria (150 mg/day) did
demonstrate transplant-specific lesions (allograft nephropathy, transplant glomeru-
lopathy, or acute rejection) on biopsy as compared to 11% of patients that showed
morphological evidence of glomerulonephritis on biopsy [20]. Shamseddin et al. in
his meta-analysis stated that allograft nephropathy was documented in 8-54% of
patients (average: 32%). Transplant glomerulopathy ranged from 0 to 39% (average:
17%) with an average prevalence of 37% as compared to glomerular disease [21].
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Various methods have been implicated in estimation of urinary protein. Of all the
methods available, urine dipstick testing is highly specific and most commonly used
method used in most of the laboratories. Despite of false-positive or false-negative
results that can be obtained in some situations, it is still the most preferred screening
method for proteinuria. As urine dip-stick is not as sensitive as quantitative methods,
a twenty-four-hour urine protein excretion stands as the gold standard for quantita-
tive protein assessment. In cases where a twenty-four hour urine collection is prob-
lematic, urinary protein/creatinine (mg/mg) ratio can be assessed in a ‘spot’ urine. A
UPCR acts as an excellent surrogate and is shown to have an excellent correlation with
the protein content of a twenty-four-hour urine collection [22].

In our study the mean 24-hour urinary proteinuria was highest in cases which
presented with recurrence of the native disease (4.9 + 2.31 g) followed by patients
with biopsies showing chronic allograft nephropathy (2.69 + 1.96 g). Proteinuria
was insignificant in biopsies with acute rejection (0.5  1.46 g). Of the recurrent
diseases maximum proteinuria was observed in biopsies showing focal and segmental
glomerulosclerosis (5.7 + 3.8 g), followed by those with IgA nephropathy (4.4 + 3.6
g) and membranoproliferative glomerulonephritis (4.5 + 1.7 g). Thus evaluation by
24-hour urine protein does help in diagnosis of recurrent diseases as well as chronic
allograft nephropathy.

4, Glucosuria

Recurrence of diabetic nephropathy in renal allograft and post-transplant
diabetes mellitus are the main reasons for glycosuria. Multiple factors come into
play for the above stated diseases. These include transplant done in an old aged
patient, high body mass index, presence of a family history of diabetes, use of
immunosuppressive reagents (Prednisone, Tacrolimus) and concomitant history
of hypertension. Other risk factors include polycystic kidney disease, episode of
immune injury (acute rejection), hepatitis B virus infection and hepatitis C virus
infection. However the KDIGO guidelines recommend determination of blood
glucose levels and glycosylated hemoglobin for diagnosis of diabetes, the role for
the measurement of glucosuria after renal transplantation is limited [7, 23]. In our
study of one year, we did not come across any case of glycosuria or post-transplant
new onset diabetic nephropathy.

5. Hematuria

Presence of at least five red blood cells/high power field (hpf) in three of three
consecutive centrifuged specimens obtained at least seven days apart is defined as
hematuria [24]. Haematuria may be present in 0.7-3% of the general population, and
has a much higher prevalence in patients undergoing renal transplant. Hematuria,
like proteinuria has been implicated as one of the factors for graft loss [25]. Increased
bleeding tendency in renal allograft recipients could be possibly due to preexisting
states of postrenal transplant patients, the use of antiplatelet agents for cardiovas-
cular disease and platelet dysfunction. Additionally, post-transplant patients are
susceptible to anemia which accentuates bleeding diathesis. This usually occurs as the
circulating red blood cells displace platelets towards the vessel wall thus leading to
contact with the subendothelial tissue at the site of injury. Also red blood cells release
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adenosine diphosphate which inactivates prostacyclin and enhances platelet function
[25, 26]. Although mechanisms of hematuria are many, following causes are main
causes for hematuria in renal transplant patients:

5.1 Infections

Immunosuppressants are mainstay for graft stability, however use of these agents
predisposes patients to urinary tract infections, which can be heralded by the sign
of haematuria. Rivera-Sanchez conducted a prospective study on post-renal trans-
plant patients with hematuria. They reported nearly 37% of the renal transplant
recipients with hematuria have urinary tract infection, of which 13.4% had history
of recurrent infections [27]. Certain predisposing factors have been implicated in
causing recurrent acute graft pyelonephritis. These include presence of anatomical
abnormalities like strictures at the ureterovesical junction or neurogenic bladder.
Vesicoureteral reflux in these patients also contribute to recurrent infections [24]. As
these patients are immunosuppressed, a higher index of suspicion for mycobacterial,
fungal, and viral infection has to be kept in mind. Hematuria can occur secondary to
cystitis, sparing the kidneys and can be associated with bacteria, fungus or viruses.
Fungal organisms associated with hemorrhagic cystitis include Candida albicans,
Cryptococcus, Aspergillus fumigates and mucormycosis whereas viruses implicated
include BK virus, adenovirus, Cytomegalovirus, and herpes virus [28, 29].

5.2 Malignancy

Patients undergoing renal transplant are at risk of developing certain malignan-
cies, in particular those cancers that are associated with viral infections. Common
viruses include human papillomavirus (HPV) for cutaneous malignancies and
Epstein-Barr virus (EBV) which are associated with post-transplant lymphoprolifera-
tive diseases.

Incidence of urological malignancies in these patients is less common. However
some malignancies that can occur in these patients and present as hematuria include,
renal cell carcinoma and cancers of the urinary bladder. Risk factors implicated
in development of renal cell carcinoma are: prior history of renal cell carcinoma,
polycystic kidney disease (PKD), duration of dialysis pre-transplant and tuberous
sclerosis [30]. Larcom et al. showed that there is an estimated twofold increase for
development of prostate carcinoma in the first 3 years after transplantation [31].

5.3 Rejections

Chronic rejection of the transplanted kidney typically presents with microscopic
haematuria. Isolated case reports of patients with rejection presenting with gross
haematuria have been documented [32].

5.4 Disease recurrences

Haematuria is a common manifestation of recurrence of glomerulonephritis.
Those glomerulonephritis which present with a primarily nephritic picture present
with hematuria predominantly. These commonly include Goodpasture’s syndrome,
systemic lupus erythematosus, and Ig A nephropathy. Acute syndromes that pres-
ent with hematuria and lead to acute progressive renal failure with proteinuria
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and anemia include anti-neutrophil cytoplasmic autoantibodies (ANCA) and anti-
glomerular basement membrane (GBM) glomerulonephritis [33].

Another remote cause for hematuria is development of a pseudoaneurysm in renal
transplant recipient. A pseudoaneurysm is defined as arterial dilation accompanied
with disruption of the one or more layers of the arterial wall. This lesion may be
present at the site of puncture as a complication of procedures like arterial catheter-
ization or as a complication of percutaneous nephrolithotomy (PCN). This procedure
is done in a native or a transplanted kidney following a urinary tract obstruction and
an infected hydronephrosis. Other reasons for doing a PCN include: urinary leakage,
to remove calculi or a foreign body, chemotherapy and for urinary diversion due to
hemorrhagic cystitis [34].

In our pilot study we observed hematuria in 35 (11.2%) patients. Of these 15 (4.8%)
of a total 43 patients with active antibody mediated rejection (AMR) presented with
hematuria, i.e. 34.8% patients with active AMR showed RBCs in their urine. Of 15
(4.8%) patients having recurrent glomerulonephritis, 9 (60%) presented with hema-
turia, five had IgA nephropathy and two each of C3 glomerulopathy and systemic
lupus nephritis. None of the patients with acute tubular injury or chronic rejections
or cellular rejection pr with patients with biopsy reported as unremarkable presented
with hematuria. Thus, hematuria if present does indicate a disease process of graft.

5.5 Urinary tract infection (UTI)

Patients undergoing renal transplant have a suppressed immune response and
hence have poor resistance to infection. Thus, infections in these group of patients
is quite a common leading to morbidity and mortality post-transplantation [35].
Infections are the second most common cause for causing death in patients with renal
transplant. The most common cause for predisposition of these patients to infec-
tion is that they are immunocompromised. Infection of the urinary tract is the most
common infection affecting these subsets of patients, with an estimated incidence
between 10 and 98% and is implicated for a longer hospital stay as well as increased
health care cost [36-38].

Urine examination plays an indispensable role in diagnosis of urinary tract
infection. Significant quantitative bacterial count (of >105 CFU/mL) in an appro-
priately collected urine sample aids the diagnosis of UTI in patients showing signs
and symptoms of urinary tract infection [37]. Urinalysis in adjunct with urine
culture studies are essential in determination of the causative organism of pyuria
[39]. Presence of leucocytes in urine is an indicator of acute pyelonephritis and
urinary tract infection [36, 37].

UTI can have enormous consequences on the lives of kidney recipients. For
instance, it is the most common source of bloodstream infection among recipients,
especially when it occurs during the first three months after transplantation [40].
Evaluations of UTI effects on renal parenchyma have shown how infections of the
urinary system may result in prolonged inflammation and potential renal scarring
[40, 41], which can lead to impaired renal function [42].

6. Role of novel biomarkers in renal transplant recipients

With advances in the field of renal transplantation, newer modalities for monitor-
ing graft function have been developed. Determination of novel biomarkers in urine,
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plasma, serum and tissue have been implicated in monitoring renal allograft function.
According to WHO, a novel biomarker is defined as a “alteration occurring at cellular,
biochemical or molecular level in cells, tissues or body fluid which can be measured
and evaluated to indicate the normal biological or a pathogenic processes, or a phar-
macological response to a therapeutic intervention [43, 44]. Serum creatinine level, is
the most commonly used biochemical parameter to assess the renal allograft func-
tion, but is not an affective marker to detect early renal dysfunction. This happens

as creatinine concentration in serum is greatly influenced even by various non-renal
factors (factors influencing serum creatinine levels: body weight, race, age, gender,
total body volume, drugs, muscle metabolism, protein intake) [4, 43]. Additionally,
it is not able to predict or evaluate the progression of chronic injury and making it

a non-specific or non-predictive marker for graft dysfunction. Alternatively, this
makes the histological examination through renal allograft biopsy the gold standard
to determine the immunological or non-immunological cause for graft dysfunction
[4, 11]. Therefore, these biomarkers, can be used for diagnosis of patients with a
disease or an abnormal organ function and also to know the severity and prognosis of
a disease, as well as monitor response to a medical procedure [4]. Thus, it is predicted
that estimation of these novel biomarkers could possibly help in early recognition of
allograft disease as well as help in monitoring disease activity. In addition to this, it is
predicted that the novel marker estimation would optimizing the need for an invasive
biopsy [45-47].

However, biopsy being an invasive procedure, may not be straightforward to
perform and can be complicated by major bleeding. Other drawbacks associated are:
risk of potential sampling errors, the inter-observer variability in assigning Banff
scores and associated cost of the procedure. Hence it is not only impractical, it is also
cumbersome and economically not feasible to monitor graft function by renal biopsy.
Urine, on the other hand are readily available and direct product of the allograft and
have minimal influence from systemic inflammation, making it a more desirable
source for biomarkers [48].

An ideal biomarker is supposed to have certain characteristics. These include read-
ily availability, accuracy, low cost, should be easy to standardized, produce repeatable
results and be non-invasive. Overall such a biomarker should be useful to reduce
the necessity for performing a renal allograft biopsy and help the clinician for early
management [43, 44, 48].

6.1 Classification of novel biomarkers for renal allografts

Biomarkers used to monitor renal allografts can be grouped under two broad
headings [44]:

* Immunologic biomarkers: Immunologic biomarkers are those characterizing
immune dysfunction ranging from subclinical to overt rejection. These include
following:

* Chemokines: Cystine-X-Cystine (C-X-C) motif chemokines 9 and 10, Plasma-
derived fractalkine, IFN-y, and interferon gamma-induced protein 10, cluster of
differentiation thirty (CD30).

* Free micro ribonucleic acid: specific serum microRNAs miR-15B, miR-103A, and
miR-106A, miR-223-3p, miR-424-3p, miR-145-5p.
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* Leukocyte subclasses: donor-reactive memory B cells (mBCs), Donor-specific
memory CD4 T cells.

* Gene expression profiles: Kidney Solid Organ Response Test (17 gene set),
TruGraf® Molecular diagnostic test.

* Donor-derived cell-free deoxyribonucleic acid:

* Non-immunological biomarkers: Biomarkers that demonstrate adverse trans-
plant outcomes, where immune dysfunction is not the only sole aberration
implicated in the disease process, e.g., delayed graft function, cardiovascular
events, infection, malignancy.

* Graft quality: The first and foremost important step in kidney transplantation is
appropriate allocation of the organs and to predict the future outcome of trans-
planted organ. The biomarkers in this category include neutrophil gelatinase-
associated lipocalin (NGAL) and liver fatty acid binding protein, KIM-1.

* Delayed graft function: It’s a type of acute kidney injury, occurring in the first
week after transplantation making renal replacement therapy essential for
management. This group includes determination of NGAL.

6.2 Neutrophil gelatinase-associated lipocalin (NGAL) (Aka: uterocalin/
lipocalin-2, 24p3/siderocalin)

This molecule is a member of lipocalin superfamily with molecular weight of
isa 21 kD [49]. NGAL is secreted by neutrophils, acting as an acute-phase proteins
[44]. First discovered as a complex protein with human neutrophil gelatinase in 1993
[49]. NGAL molecule is found in 3 isoforms: monomeric (25 kDa), dimeric (45 kDa),
and as heterodimeric (135 kDa—complexed with gelatinase) [49]. The gene for this
protein is located on chromosome 9 and this molecule is expressed in renal, liver,
endothelial, smooth muscle cells, neurons, and cells of immune system (macrophages
and dendritic cells) [50-52]. NGAL molecule expresses its action via a primary ligand,
siderophore and metalloproteinase 9 (MMP-9) and is present in plasma as well as
urine [4, 49]. Why is NGAL considered to be a biomarker of choice? The reason is that
this biomarker is quite efficient and accurate in detecting kidney injury, very early
in the post-transplant period. It is observed that there occurs a rapid rise of NGAL in
urine, which is detectable even within few hours after the initial insult, whereas rise
in serum creatinine occurs hours later [53]. Following AKI, the glomerular filtration
rate (GFR) is also reduced which in turn causes the levels of NGAL to rise. A study
showed that in patients with acute kidney injury, the levels of NGAL in blood and
urine increase by 300-fold (0.1-30 pg/ml) and 1000-fold (0.04-40 mg/ml), respec-
tively [52]. In severe cases of acute tubular injury large quantities of NGAL is excreted
into urine, reaching almost up to 1000-fold. This happens due to induction of NGAL
mRNA and protein in the renal epithelium as this molecule is expressed in the renal
epithelium. Many studies have postulated that patients with higher urinary NGAL
values in the early posttransplant phases are more prone to develop delayed graft dys-
function [53]. It has been observed that increase in serum creatinine happens several
hours after renal cell destruction, but increase in urine/blood levels of NGAL can be
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observed as early as two hours of inception of injury. Thus, it is suggested that NGAL
can be used to assess transplant status as early as a few hours post-transplantation [4].

6.3 Kidney injury molecule: 1 (KIM-1)

This protein is a type-1 transmembrane glycoprotein. KIM-1 comprises of two
domains, viz.: six-cysteine immunoglobulin-like domain and a mucin domain
(extracellular) [54]. KIM-1 also known as HAVCR/TIM-1 is a protein of 104 kD and
the gene for this protein is located on chromosome 5q33.2 [4, 55]. KIM-1 (designated
as Kim-1 in rodents, KIM-1 in humans) mRNA was identified using techniques of
representational difference analysis (which is a PCR-based technique). This tech-
nique, which was carried out to find genes, the expression of which was found to be
markedly upregulated 24-48 hours after ischaemia in the rat [56]. KIM-1 is expressed
in the kidney, liver, and spleen and uninjured kidney tissue. Urine expresses very low
or undetectable levels of KIM-1. Studies have shown that KIM-1 plays different roles
via various molecular targets in immune diseases and kidney injury. This molecule is
expressed on the apical membrane surface of proximal tubular epithelial cells of the
kidney (in the S3 segment) and readily responds to hypoxia and renal tubular injury.
The extracellular domain of KIM-1 molecule is a quantitative marker of kidney injury
and is detached by metalloproteinases and then secreted into the urine. KIM-1 is also
an important marker for kidney transplant rejection [52-55]. Various studies includ-
ing one by Jin et al. reported that serum KIM-1 might be a marker for the prediction
of early kidney transplant rejection. They also predicted that this molecule could
possibly be helpful in monitoring renal graft function in transplant recipients, and
thus might contribute in early diagnosis of organ rejection [57].

6.4 C-X-C motif chemokine 10 (CXCL-10)

This molecule is an interferon-y-inducible protein-10 (IP-10), a chemokine belong-
ing to the CXC subfamily. This molecule consists of two cysteines that are located at
the N-terminus. These two cysteines are separated by a single amino acid which can be
variable [58]. The gene for this protein is located on chromosome 4. This chemokine
is excreted from all the leukocytes, viz. neutrophils, eosinophils, monocytes and
epithelial, endothelial, as well as stromal cells and keratinocytes. The chemokine is
secreted as a response to several proinflammatory factors, like interferon-y (IFN-y)
[58, 59]. CXCL-10 is secreted by leukocytes in the transplanted kidney and is a marker
for inflammation. According to the observations of Elkman et al. CXCL9 and CXCL10,
which are induced by IFNy are supposedly to be the most studied as well as promising
protein biomarkers for predicting acute renal rejection. Both CXCL9 and CXCL10 bind
with CXCR3, that are expressed on activated T-cell which in turn recruit T-cells to the
inflammatory site [45]. Schaub et al. demonstrated that the sensitivity and specificity
of urinary CXCL-10 (uCXCL-10) exceeded those of serum creatinine levels. Various
studies have been performed to determine the role of CXCL10 molecule in allogenic
kidney transplant rejection. Study by Ciftci et al. which was performed on living donor
related transplant recipients to assess the efficacy of CXCL10, showed that urine levels
of CXCL-10 correlates well with serum creatinine level is patients having acute cellular
rejection [60-62]. On the other hand, Rabant et al. studied 244 renal allotransplant
recipients and monitored urinary CXCL-10 and serum creatinine levels. They further
determined the ratio of CXCL10 and serum creatinine and proposed that the ratio
can effectively determine the risk of antibody-dependent transplant rejection [63].
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Blydt-Hansen et al. also reported similar observation for the CXCL-10 to creatinine
ratio in pediatric renal transplant recipients and concluded CXCL-10 to be a promis-
ing biomarker of acute cellular rejection [64]. Matz et al. in his study reported that
CXCL-10 chemokine levels may predict the development of acute cell-type rejection
[65]. Watson et al. demonstrated that high pretransplant serum CXCL-10 levels may
indicate a high risk of severe rejection and transplant failure and it would be appropri-
ate to determine the CXCL-10 levels pre-transplantation [66]. Jackson et al. found that
urine CXCL-10 levels can increase in acute transplant rejection as well as in patients
suffering from polyoma virus nephropathy, however this chemokine cannot be used to
differentiate between these two conditions [67].

6.5 Calreticulin (CRT)

CRT is a major calcium 2+ (Ca2+) binding (storage) protein. This protein is pres-
ent in the lumen of the endoplasmic reticulum with a molecular weight of 46 kDa,
having 400 amino acid residues. This protein is basically a major Ca2+ binding
chaperon. Calreticulin has three distinct structural domains: the amino-terminal
N-domain, middle P-domain, and the terminal carboxyl-C-domain along with a
cleavable amino acid signal sequence. This amino acid signal sequence is present at
the beginning of the N-terminal, which helps in directing CRT to the endoplasmic
reticulum. The C-terminal functions for ER retention/retrieval signal. Two main
functions have been implicated to this protein in the ER: One as a chaperon and other
as a Ca2+ binding and storage protein. It can be identified at several other sub-cellular
locations like cell surface, cytoplasm, and the extracellular matrix [68].

6.6 Cystatin C (CysC)

CysC is an endogenous proteinase inhibitor with a molecular weight of ~13.4 kD.
This molecule is a member of cystatin superfamily of cysteine protease inhibitors.
The main function of the protein is to inhibit cathepsins, namely cathepsin L, B, and
H [69, 70]. CysC is composed of polypeptide chain having 120 amino acids and the
chromosome 20 harbors the gene for this protein [71]. CysC has a role in intracellular
catabolism of proteins and peptides. Another advantage of this protein is that concen-
tration of CysC does not depend on factors like gender, age, or muscle mass, making
it more suitable to determine the dynamics of GFR changes as compared to serum
creatinine [72]. Krishnamurthy et al. concluded CysC as an additional diagnostic
parameter in assessing the function of a transplanted organ, which additionally might
be helpful and serve to tailor immunosuppressive treatment [73]. Changes in the
glomerular filtration rate secondary to a deteriorating transplant function and thus an
increased risk of rejection, can be detected by the determination of cystatin C accord-
ing to, according to Taghizadeh Afshari et al. Study by A. Taghizadeh-Afshari showed
that at 14 days post-transplant, levels of CysC exceeds the sensitivity and specificity
of serum creatinine [74]. Similar observations were also made by Le Bricon et al.
According to him CysC is a more accurate marker than serum creatinine. He addition-
ally postulated role of Cystatin C in assessing the toxic effects of treatment [75].

6.7 Osteopontin (OPN):0020

Osteopontin, also known as bone sialoprotein 1 (BSP-1) or secreted phosphopro-
tein 1 (SPP1) and also as early T-lymphocyte activation-1 (ETA-1). This protein is
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an extracellular matrix protein with a molecular weight of approximately 35 kD. It
is composed of a polypeptide chain comprising of 314 amino acids. The polypeptide
chain contains sequence of arginine-glycine-asparagine binding integrin [76-78].
This molecule is encoded by a single-copy gene which is mapped on the human
chromosome 4 (4q13). This molecule is expressed on intestinal epithelial cells,
bone, kidney, and immune cells, such as macrophages, dendritic cells, and the T
lymphocytes [79, 80]. The serum osteopontin concentration in a normal individual
is estimated to be around 23.56 ng/ml [80]. Osteopontin, in kidney, is produced at
distal part of nephron. The function of this molecule is implicated in formation of
renal vessels [81, 82].

6.8 Clusterin (CLU)

CLU is also called as apolipoprotein ] (CLU). It is a glycosylated protein and is
composed of two chains, the a-chain and p-chain. These both are linked via disulfide
bonds and in human body it is present in two isoforms — secretory type and nuclear
type. The mass of the secretory type is 80 kD, and is implicated in removing residues
formed after apoptosis. The nuclear type isoform is 50 kD and has its role in DNA
repair. The gene encoding for this protein is located on chromosome 8. Clusterin
molecule has a role in apoptosis as well as in antiapoptotic pathway. CLU in human
body is present in various organs, including kidney and is also detected in all biologi-
cal fluids. The physiological concentrations of CLU in serum range from 35 to 105 pg/
ml. In kidney, this molecule is present in the tubules and has numerous antiapoptotic
functions, by mediating cell protection, recycling of lipids, attachment and aggrega-
tion of cells. Although the function or utility of CLU in renal transplant rejection is
yet to be analyzed [83-85].

7. Conclusion

Multiple causes can affect the functioning of the renal allograft, and there are
multiple modalities that are recommended in evaluation of the renal transplant. In
the present era where most of the investigations fall under the category of molecu-
lar tests and genetics, immunohistochemistry, cytogenetics etc., urine examination
still plays an indispensable role in management of the renal allograft. Overall cer-
tain parameters like urine osmolality, proteinuria, hematuria and urine microscopy
along with the newer molecules (biomarkers) are a hit and help in monitoring of
the renal allograft.
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Application of Urine Metabolomics
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Abstract

Advances in metabolomics research have yielded an avenue for utilizing this
laboratory-based modality as a platform for clinical diagnosis, identification of novel
biomarkers, and longitudinally monitoring the health status of individuals from
normal physiological and pathophysiological perspectives. This chapter provides
insight on the application of urinalysis in health and disease from the standpoint of
deciphering a larger span of metabolite and biomarker identification using metabo-
lomics, specifically focusing on infectious diseases, oncology, metabolic, and inflam-
matory diseases in humans.

Keywords: urine metabolome, urinalysis, pre-analytical factors, cancer, infectious
disease, inflammation, metabolic disease, renal disease

1. Introduction

Urinalysis or uroscopy is the science of disease diagnosis by means of observa-
tion and examination of the urine. Urinalysis has been considered as an adjunct of
all laboratory tests applied for medical diagnosis by correlating with the symptoms
exhibited by patients and is historically referenced as the first body fluid to be studied
scientifically [1, 2]. Ancient medical literature from India and China have referenced
the accumulation of ants and insects around sites of urination of certain individuals
who had obviously suffered from diabetes. The science of uroscopy was advocated in
300 BC by Hippocrates and was considered as a popular testing modality to link his
observations with the doctrine of the four humors, that is, the phlegm, blood, yellow
bile, and black bile. During those times, analysis of urine color, consistency, transpar-
ency, odor, and the presence or absence of froth aided to make a general assessment
of the balance of the four humors and possibly location of the disease within the body
and overall prognosis [2]. Throughout the medieval and post-seventeenth century
periods, medical literature had cited urinalysis as an important foundation for medi-
cal practice. Although medical practice during the mid-nineteenth century had done
away with the practice of uroscopy due to the advancements in human medicine,
urinalysis still prevails as an important foundation and a powerful tool for clinical
diagnosis [3]. Urinalysis has been used to identify genetic diseases as well as diagnose
pathophysiological processes by measuring abnormal urine constituents such as
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glucose, bile pigments, white blood cells, proteins, etc. In addition, the presumptive
diagnosis of diseases affecting the urogenital system can be inferred through urinaly-
sis [3-5]. This chapter describes the applications of urine metabolomics in defining
the biomarkers of health and clinical disease states.

2. Metabolomics in clinical urinalysis

Urine is an easily accessible biological fluid for noninvasive collection of large
volumes with the possibility of repeat sampling at different time points, as needed for
monitoring health status [6]. Traditionally, urinalysis tests conducted in diagnostic
laboratories measured only one or two metabolite components (e.g., glucose, ketone
bodies, etc.) at a given time [7]. Also, the abnormal urinary constituents tested via
traditional methods lack specificity and are noticeable in urine samples after tissue
injury. Therefore, an ideal biomarker in urine should be highly sensitive and specific
and should be capable of indicating an early phase of disease progression [8].

Since the 1970s, urinary metabolome analysis has facilitated in investigation of
metabolic signatures or fingerprints of urinary metabolites during the disease process
in the human body [4, 8, 9]. Metabolomics is defined as the systemic identifica-
tion and quantification of all metabolites in a given organism or biological sample
[10]. Since metabolites generated in an organism are a result of several gene-level
(host-dependent, genetic factors) and environmental-level interactions, the general
metabolome, which includes the sum of all the metabolites in an organism, can serve
as a critical biomarker analyte fingerprint for the health status of an individual’s
phenotype. Emerging technologies based on mass spectrometry (MS) and nuclear
magnetic resonance spectrometry (NMR) enable the monitoring of hundreds of
metabolites from tissues or body fluids. Metabolites change rapidly in response to
physiological alterations, thus they act as the first-line chemical reporters of abnor-
mal or disease phenotypes. Current advancements in high-resolution metabolomics
platforms capable of detecting hundreds of low-molecular-weight metabolites in tis-
sues and body fluids have evolved as a powerful biomarker analysis tool. The datasets
generated from clinical trials and research studies curate for clinical databases that
support diagnosis and therapeutic assessment of several disease states [7]. However,
these datasets require standardization and validation to create a clinical reference
guide that is applicable for any biofluid, as well as FDA approval for utilizing this
platform for clinical diagnostic purposes [11].

3. Sample collection considerations for urine metabolomics

Urine metabolome has aided in the examination of metabolic consequence cor-
relating to disease, nutritional status, and environmental toxicity since excreted urine
contains endogenous and exogenous metabolites, thereby providing a key biomarker
fingerprint to diagnose, monitor, or predict for any pathophysiological condition [12].
More than 3100 metabolites have been characterized in human urine, and the list is
expected to increase as more and more low-concentration metabolites are being char-
acterized [9]. With the intended application of urine samples for biomedical research
or clinical diagnosis, pre-analytical factors such as collection methods and prepro-
cessing, transport and storage, freeze-thaw cycles, and sample normalization are
taken into consideration when processing metabolomic analysis [13]. Standardization
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of pre-analytical process is critical for minimizing inter-sample variability issues
and maintaining the metabolic integrity of samples so that the metabolomic profile
accurately reflects the in vivo biochemical status of the patient [13].

Generally, three kinds of collection modalities are employed for metabolomic
studies involving urine samples: (a) first-morning void (b) spot urine samples, and
(c) 24 h urine collection. The first-morning void urine samples are preferred since
the overnight fast period helps to reduce the effect of any medication or the meal
consumed from the previous day. Spot urine samples are the preferred sample type
for dietary or pharmaceutical intervention studies and are usually collected during
the daytime. However, pooled urine void samples during a 24 h duration reduce
the influence of circadian cycle variation when compared to first void or spot urine
samples [13].

Urine samples held at room temperature for short periods of time can lead to
rapid degradation of metabolites. Considering the storage requirements of urine
samples, it is optimal to freeze samples as soon as possible. Generally, while conduct-
ing clinical metabolomic studies, samples are refrigerated in autosamplers of MS and
NMR instruments for time spans from hours to days. Ideally, it has been indicated by
researchers that keeping samples at 4°C for 48 h or less does not significantly affect
the urinary metabolome [9]. Although it would be prudent to minimize multiple
freezing and thawing of urine samples, up to 9 freeze-thaw cycles are considered
amenable for urine samples utilized for metabolomic studies. For long-term storage
of up to 6 months or more, temperatures between —20 and —80°C are recommended.
Another concern with urine collection and storage is bacterial contamination, which
can be curtailed by collecting mid-stream urine and subsequently adding antibacte-
rial agents such as sodium azide or sodium fluoride [9]. As an alternative, storage of
samples at —80°C over the use of antibacterial additives can prevent the microbial
metabolism of urinary metabolites, thereby rendering the urine sample suitable for
downstream metabolomic applications. In addition, to reduce the metabolite trans-
formation subsequent to sample collection, snap-freezing in liquid nitrogen aids in
metabolic quenching (i.e., inactivation of enzymatic reactions), thereby obtaining an
accurate picture of the metabolome at sampling time [9, 13].

The health status and fluid intake of sample submitters could also impact the
solute concentration of urine. In such situations, pre-analytic normalization is
essential to correct for variations in urinary constituents. Urine samples are normal-
ized by measuring the osmolality or specific gravity, and subsequent dilution to the
lowest concentration before running samples in separation and detection analytical
platforms for metabolomics [9].

4. Analytical techniques used in metabolomics

Metabolomics provides a global analysis of several classes of metabolites with
diverse physicochemical characteristics present in any biological sample. In general,
metabolomic profiling employs two major analytical techniques for detection of
metabolites, such as high-field NMR and MS. Advanced chromatographic separation
techniques coupled with the aforesaid spectroscopic or spectrometric methods aid
in efficiently separating complex matrices for effective detection. When comparing
the detection methods, although NMR is a robust and nondestructive method, it has
a lower sensitivity compared to MS. However, NMR is capable of structural elucida-
tion of novel unknown compounds. On the other hand, MS is a very sensitive method
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that requires sample preparation steps coupled with suitable separation techniques
to reduce ion suppression. For untargeted metabolomics, high-resolution MS instru-
mentation is required, whereas targeted metabolomics employ low-resolution MS
platforms [5].

5. Clinical research studies utilizing urine metabolomics as a diagnostic
platform

Several research studies have focused on evaluating urinary biomarkers for clini-
cally assessing the progression of a disease or different stages of disease evolution.
These biomarkers can aid in the clinical assessment of patients without apparent dis-
ease, with suspected disease, or rather the progression or remission of overt disease
[14]. The following sections describe some of the clinical conditions that have been
studied by researchers for potentially identifying biomarkers in urine for diseases in
general, such as cancers, metabolic syndromes, and infectious and renal diseases.

5.1 Cancer

Early advances in metabolomics technology have provided insight into the
metabolism of cancer by focusing on how the Warburg effect in cancerous cells
uses glycolysis effectively to produce amino acids, nucleotides, and lipids necessary
for tumor proliferation. Furthermore, metabolomics research has also been used
to discover novel diagnostic cancer biomarkers to better understand its complex
heterogeneous nature, to discover pathways involved in cancer that could be used for
identification of new targets, and for monitoring metabolic biomarkers for therapeu-
tic aspects of cancer treatment. The metabolomics approach also provides ways to
personalized cancer treatments by yielding essential information regarding the cancer
patient’s response to medical interventions. Urine contains metabolic signatures of
many biochemical pathways and thus gives way for a cohesive metabolomic approach.
Techniques such as hydrophilic interaction chromatography (HILIC-LC-MS),
reversed-phase ultra-performance liquid chromatography (RP-UPLC-MS), and gas
chromatography time-of-flight mass spectrometry (GC-TOF-MS) are used for urine
analysis [15].

Gas chromatography/mass spectrometry (GC/MS) has been recently used to
explore disease biomarkers from urine or serum samples. Both primary and second-
ary metabolites can be analyzed as a metabolomic approach for biomarker analysis.
The importance of early diagnosis is especially true in kidney cancer, especially
prior to metastatic spread, and can improve survival rates from 10% to greater than
90%. The ultimate composition of molecules in the urine is the result not only of
glomerular filtration but also of tubular secretion and reabsorption. Normal urine
contains approximately 150 mg/24 h of protein, and compounds such as inulin
(5 kDa) and lysozyme (14 kDa) are reported to appear freely in the urine. Although
kidney cancer is the sixth leading cause of cancer death and represents only 3% of
cancer incidence, it is a major cause of death in 11,000 patients per year in the United
States. The disease is very resistant to chemotherapy, and one-third of the cases are
metastatic at diagnosis. Thus when detected with symptoms, prognosis of renal cell
carcinoma (RCC) is poor and once metastatic, it has only a 5% five-year survival rate.
Therefore, a novel, convenient, and noninvasive approach is essential for identifying
RCC at an earlier stage prior to metastasis [16]. Renal cell carcinoma entails abundant
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primary and secondary metabolites as potential tumor markers. The human kidney
injury molecule-1 (hKIM-1), when normalized to creatinine, appears in the urine of
RCC patients and disappears or decreases in concentration after nephrectomy. Hence,
detection of such metabolites in urine can be crucial to cancer diagnosis. It is high-
lighted that metabolomics is ideally suited for such approaches and analysis of these
small molecule metabolites that appear in both serum and urine can be crucial [15].

Metabolomics has also been used to investigate the urinary metabolite differences
between hepatocellular carcinoma (HCC) male patients and normal male subjects.
The urinary endogenous metabolome was assayed using chemical derivatization
followed by GC/MS. After GC/MS analysis, 103 metabolites were detected, of which
18 metabolites were shown to be significantly different between the HCC and control
groups. Subsequently, a diagnostic model was constructed with a combination of 18
marker metabolites. This noninvasive technique of identifying HCC biomarkers from
urine has potential application in clinical diagnostic oncology. Overall, these findings
underscore that metabolomic analysis is a potent and promising strategy for identify-
ing novel biomarkers of HCC [17].

5.2 Metabolic syndrome

The “metabolic syndrome” (MetS) can be understood as a clustering of compo-
nents that reflect overnutrition, sedentary lifestyles, and resultant excess adiposity.
MetS is a cluster of different conditions and not a single disease. The prevalence of the
MetS is increasing to epidemic proportions in the United States and also in developing
nations. MetS is associated with doubling of incidence of cardiovascular disease risk
and an increased risk for incident type 2 diabetes mellitus [18].

Accurate predictors of cardiometabolic diseases are of particular importance since
the condition can be present long before the symptoms become clinically appar-
ent. Nuclear magnetic resonance spectroscopy and gas- or liquid-chromatography
coupled with MS are the major platforms applied to identify predictive biomarkers,
monitoring therapeutic response as well as in basic mechanism studies of obesity,
metabolic syndrome, type 2 diabetes, and cardiometabolic diseases for early diag-
nosis. Nicotinuric acid is correlated with cardiometabolic risk factors such as body
mass index (BMI), blood pressure, HbAlc, blood lipids, and C-reactive protein, thus
suggesting that it could be a potential biomarker of important features of MetS such
as altered lipid metabolism and increased insulin resistance [18, 19].

Metabolic profiling of urine samples has also been used as a diagnostic tool in the
predicting liver disease progression because traditional clinical chemistry tests for
liver function only aid in diagnosis after substantial liver damage has occurred. With
the current diagnostic methods incapable of predicting typical Jaundice syndrome
(JS) in hepatic dysfunction, Wang et al. [20] conducted a study for the identification
of potential biomarkers from JS disease by using a nontarget metabolomics method
and testing their usefulness in human JS diagnosis. To identify the potential biomark-
ers, multivariate data analysis methods were utilized revealing 44 marker metabolites
contributing to the complete separation of JS from healthy controls [20]. Targeted
metabolite analysis revealed alterations in critical JS metabolic pathways, such as
glutamate metabolism, synthesis and degradation of ketone bodies, alanine and
aspartate metabolism strongly associated with JS development [20]. In another study,
researchers compared the urine metabolome panel of three human subject group cat-
egories, namely individuals with nonalcoholic fatty liver disease (NAFLD), nonalco-
holic steatohepatitis (NASH), as well as age and sex-matched healthy controls. Urine
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metabolomic analysis performed using tandem LC-MS revealed differences in 31
metabolites between NASH and NAFLD groups, including variations in nucleic acids
and amino acids. Among the overlapping metabolites, it was inferred that pathways
of energy and amino acid metabolism, as well as the pentose phosphate pathway, were
closely associated with progression of NAFLD and NASH [21].

UHPLC-Q-TOF-MS based metabolomics approach was applied to gain under-
standing of the global profiling of endogenous metabolites in urine from high-fat
diet-induced obese rats [22]. Integrated with multivariate analysis, metabolic varia-
tions between the obese rats and healthy rats were differentiated. Twenty potential
biomarkers were identified in response to high-fat diet-induced obesity. Seventeen of
them are novel potential biomarkers that are independent of the known risk indica-
tors for obesity, except hippurate, phenylacetylglutamine (PAG), and creatinine.
Using the correlation between these biomarkers, a network diagraph was generated
based on search results from the Kyoto Encyclopedia of Genes and Genomes (KEGG)
database. Tryptophan metabolism, phenylalanine and tyrosine metabolism, and gut
microbiota metabolism were found to be significantly disturbed in obese rats [22].

5.3 Urinary metabolites associated with inflammatory diseases

Immune-mediated inflammatory diseases are a group of diseases that share com-
mon molecular mechanisms and are characterized by aberrant and chronic activation
of the immune system. Rheumatoid arthritis, psoriasis, psoriatic arthritis, systemic
lupus erythematosus, Crohn’s disease, and ulcerative colitis are the most prevalent
immune-mediated inflammatory diseases. Although these diseases target different
tissues and organs, they share many genetic loci, and clinically similar inflamma-
tory diseases are known to share specific hub metabolites such as citrate. Numerous
high-throughput analysis technologies are available that can generate comprehensive
profiles of multiple metabolites. However, most of these techniques require invasive
sampling procedures. Understanding and identifying biological markers in urine that
accurately correlate with the inflammatory disease can prove vital for easy and early
disease diagnosis under routine clinical settings.

A study conducted by Alonso and coworkers identified multiple urinary metabo-
lites (citrate, alanine, methyl succinate, trigonelline, N-acetyl Amino Acids, and
an unknown metabolite) that can be associated with three or more of the immune-
mediated inflammatory diseases [23]. Most of these urinary metabolites were
found in lower concentrations in patients with inflammatory diseases compared to
controls. Citrate, the strongest hub metabolite, for example, was present at lower
concentrations in the urine of inflammatory bowel disease, rheumatoid arthritis,
and, systemic lupus erythematosus patients [23-25]. Additionally, inflammatory
diseases with similar phenotypes exhibited similar urinary metabolomes. Low levels
of carnitine were identified in chronic arthritis diseases, namely rheumatoid arthritis
and psoriatic arthritis. Similarly, reduced concentrations of hippurate were observed
in patients with inflammatory bowel diseases such as Crohn’s disease and ulcerative
colitis. In short, immune-mediated inflammatory diseases can be aggregated into
three distinct clusters based on the urinary metabolite profiles: (1) psoriasis and
psoriatic arthritis, (2) Crohn’s disease and ulcerative colitis, and (3) rheumatoid
arthritis and systemic lupus erythematosus, all sharing between 3 and 6 metabolite
associations [23]. However, since the treatment strategies of Crohn’s disease and
ulcerative colitis are entirely different, a single test that distinguishes the two will be
of utmost clinical value. In this context, researchers have identified that hippurate
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and 4-cresol sulfate levels were lower in patients with Crohn’s disease when compared
to control and ulcerative colitis patients. Although similar studies showed that urinary
metabolome is useful for the differential diagnosis between ulcerative colitis and
Crohn’s disease, complicated nature of the disease and the confounding factors such
as surgical resections, drug and dietary therapy can interfere with the metabolic
changes in observational studies. Therefore, the aforesaid confounders should be
considered before such analysis [24, 26]. Urinary metabolome also has the potential
for predicting both the disease activity and disease recurrence (especially at the site
of surgery) in patients with Crohn’s disease. For example, metabolites namely citrate,
hippurate and 3-hydroxyisovalerate were found in much lower levels in patients with
high disease activity for Crohn’s disease than in low disease activity for Crohn’s disease
patients [23, 27]. Higher levels of three urinary metabolites (L-3,4-dihydroxy phenyl-
alanine, levoglucosan, ethyl malonate), and lower concentrations of propylene glycol
were associated with endoscopic recurrence in Crohn’s s disease in patients who have
undergone ileocolonic resection [27]. Furthermore, urinary metabolites, octanoyl
glucuronide, pyridoxic acid, and pantothenic acid were shown as dietary biomarkers
for clinical remission in pediatric patients with inflammatory bowel disease, who had
undergone either exclusive enteral nutrition or corticosteroid therapy [28].

In addition, there are distinct urinary metabolites such as phenyl acetyl glycine
and tyrosine that were specific for ulcerative colitis and rheumatoid arthritis, respec-
tively [23]. Urinary excretion of prostaglandins thromboxane synthase and prostacy-
clin metabolites were increased in patients with severe atherosclerosis [29]. Similarly,
elevated levels of acotinic acid, isocitric acid, and citric acid were observed in the
urine of osteoarthritic patients and these provide an indication of mitochondrial dys-
function leading to impaired cartilage and chondrocyte metabolism in osteoarthritis.
Moreover, significant urinary metabolomic variations in histidine and histamine were
observed between two different phenotypes of osteoarthritis (with and without knee
effusion) [30]. The NMR-based approach also demonstrated the metabolic finger-
prints of urine samples that distinguished chronic inflammatory rheumatoid diseases
from healthy individuals. Several urinary metabolites (including leucine, valine,
3-hydroxyisobutyric acid, 3-hydroxyisovaleric acid, glycine, citric acid, creatinine,
hippuric acid, and methylnicotinamide) were downregulated in patients with chronic
inflammatory rheumatoid diseases. Some of the changes could be explained as a con-
sequence of urinary tract infections, increased demand for muscle turnover events, or
due to distal renal tubular acidosis [31]. As for pelvic inflammatory diseases, a clinical
trial conducted by Zou and coworkers showed the presence of eighteen differential
metabolites in the urine of rats inoculated with Ureaplasma urealyticum and patho-
genic Escherichia coli to mimic multi-pathogenic infection of the upper genital tract
leading to pelvic inflammation [32].

5.4 Infectious diseases

Urine metabolomics has been increasingly used for the study of biomarker
discovery in infectious diseases, as it offers significant methodological advantages.
The application of NMR spectroscopy metabolomics has the potential for infectious
disease diagnosis since it can differentiate between various viral and bacterial infec-
tions. A specific metabolomic response comes from the host in the form of immune
cells and apoptosis signaling when a pathogen causes infection [33, 34].

Urinary tract infection (UTI) is one of the most common bacterial infections
in humans. Main causative organisms of UTI include Escherichia coli, Klebsiella
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pneumoniae, Pseudomonas aeruginosa, Staphylococcus aureus, and Entevococcus faecalis.
Ultra-Fast Liquid Chromatography Mass Spectrometry (UFLC-MS) was used to dif-
ferentiate UTI by E. coli in a case study involving 17 individuals. Metabolic discrimi-
nators identified were related to TCA cycle, terpenoid backbone biosynthesis, amino
sugars and nucleotide sugars metabolism, arachidonic acid, and steroid hormone
biosynthesis [35]. In another study, nontargeted exploratory UPLC-MS-based
approach was used for the investigation of UTI-related changes in urine associ-

ated with E. coli infection in 117 subjects. A C-terminal glycopeptide of the human
fibrinogen alpha-chain was identified as the discriminator metabolite [36]. NMR-
based screening showed that K. pneumoniae causing UTI can metabolize glycerol to
1,3-propanediol (1,3-PD), acetate, ethanol, and succinate. The quantity of 1,3-PD
was found to be proportional to the bacterial count. However, other bacteria caus-
ing UTI cannot metabolize glycerol under similar conditions [37, 38]. Urinary NMR
spectroscopy of samples infected with E. coli, K. pneumoniae, P. aeruginosa, and P
mirabilis showed peaks of nonspecific metabolites such as succinate, acetate, lactate,
and ethanol compared to healthy groups in a case-control study done in 617 people.
Lactate metabolism, nicotinic acid, and methionine metabolism were altered in the
affected individuals [39].

Pneumonia is caused by a wide range of microorganisms, including bacteria,
fungi, viruses, and parasites. Conventional methods of diagnosis are time-consuming
and include isolation of organisms from blood, sputum, pleural fluid, and bronchoal-
veolar lavage. Urinary metabolomics can be used as a tool to differentiate Streptococcus
pneumoniae infection, responsible for community-acquired pneumonia from other
infections. A study was conducted on 641 individuals, including healthy volunteers,
patients with metabolic stress, fasting individuals, patients with pneumococcal
pneumonia, other lung infections, and asthma or chronic obstructive pulmonary
disease (COPD). NMR spectra comparison of 61 metabolites in urine from age and
gender-matched S. prneumoniae infected and noninfected groups were performed.
Among these metabolites, 6 were significantly decreased while 27 were significantly
increased. Six metabolites that decreased are associated with TCA cycle intermediates
(citrate, and succinate), nicotinamide metabolism (1-methylnicotinamide), food
intake (levoglucosan and trigonelline), and protein catabolism (1-methylhistidine).
Increased concentration was observed in amino acids (alanine, asparagine, isoleu-
cine, leucine, lysine, serine, threonine, tryptophan, tyrosine, and valine), fatty acid
oxidation (3-hydroxybutyrate, acetone, carnitine, and acetylcarnitine), inflammation
(hypoxanthine and fucose), metabolites involved in glycolysis (glucose and lactate),
osmolytes (myo-inositol and taurine), acetate, quinolinate, adipate, dimethylamine,
and creatine. TCA cycle intermediates 2-oxoglutarate and fumarate also appeared
to increase upon pneumococcal infection. Metabolites that were not affected by
pneumococcal infection included creatinine, 3-methylhistidine, aconitate (trans and
cis), metabolites related to gut microflora (3-indoxylsulfate, 4-hydroxyphenylacetate,
hippurate, formate and TMAO (trimethylamine-N-oxide), dietary metabolites
(mannitol, propylene glycol, sucrose, and tartrate) and certain amino acids (glycine,
glutamine, histidine, and pyroglutamate) [38, 40]. In another study, metabolomic
profiling of an independent sample set of 145 urine samples from healthy individuals
or patients with various conditions showed around 86% and 94% in sensitivity and
specificity, respectively, for the diagnosis of pneumococcal pneumonia [40].

Neonatal sepsis is an infection that occurs in the bloodstream of newborn infants
less than 28 days old, and it can be divided into early-onset and late-onset. A case
study was conducted to analyze the difference in the urinary metabolome of infected
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and healthy neonates [41]. Urine metabolic profiles were assessed using nontargeted
NMR spectroscopy and targeted liquid chromatography-tandem mass spectrom-
etry analysis in 16 septic neonates and 16 nonseptic ones. The metabolic profile of
neonates with sepsis was found to be different compared to those without sepsis.
Metabolites from energy-producing biosynthetic pathways and basic structural
components of the organism showed clear separation. Elevations in urinary taurine
and hypotaurine were noted in septic neonates. Depletion in glutamine levels was
also seen in critically ill adults. Hypo- or hyperglycemia was also common in adults.
Increased amounts of pyruvate and lactate in the urine can be due to sepsis-associated
hypoperfusion and/or hypoxia [42]. In septic preterm infants, early metabolic
responses include lactic acidosis and increases glucose requirements. A product

of purine degradation called inosine was also observed in higher quantities in this
condition because of cellular destruction. Trimethylamine N-oxide (TMAO) levels
and certain vitamins such as riboflavin and nicotinamide were found to be reduced in
neonatal septic patients [41].

Clostridium difficile is a spore-forming bacterial pathogen, which is the leading
cause of healthcare-associated infective diarrhea [43, 44]. In the United States, more
than 500,000 cases of C. difficile infection (CDI) are reported annually accruing $6.3
billion in healthcare costs [44]. Intestinal dysbiosis is the reason for recurrent CDI.
Urinary metabolites might be used as a prognostic method for patients with recur-
rent CDI as no diagnostic tests are available to predict the risk of CDI recurrences in
patients [45]. With regards to C. difficile infections, Kao et al. performed NMR studies
on urine of 31 infected subjects (age- and sex-matched to 31 healthy controls) and
detected 53 metabolites. Choline appeared to be the most relevant for the diagnosis
of C. difficile infection. This finding has been possibly attributed to the absence of
choline-metabolizing microorganisms in this infection [33]. Isa et al. proposed four
urinary metabolites as biomarkers for active tuberculosis patients [46]. Using an
untargeted HPLC-MS and MS/MS, 102 urine samples were collected from infected
individuals. The majority of the metabolites were neopterin, kynurenine, spermine,
N-acetylated sugars, and sialic acids, which are host-derived metabolites involved in
immune cell activation [46].

COVID 19 is a pneumonia caused by coronavirus (SARS-CoV 2) responsible for
producing a global pandemic and still continues to be a worldwide emergency [47].
During SARS-CoV-2 infection, research studies have been conducted to correlate
urinary constituent abnormalities for COVID-19 disease severity and outcome. A
case study was done in four cohorts namely, healthy control (n = 27), non-COVID-19
control (n = 17), patients with nonsevere COVID-19 (n = 48), and patients with severe
COVID-19 (n = 23) [48]. Peptide yields from urine samples in patients with severe and
nonsevere cases were found to be greater compared to serum samples in the healthy
control group. A total of 16,148 peptides and 1494 proteins were obtained from sera
using tandem mass-tag (TMT)-based proteomics, while 19,732 peptides and 3854
proteins were identified from urine. Similarly, 80% of detectable serum proteins and
62% of serum metabolites were found in urine of the infected group. Cytoplasmic
proteins (26%) and membrane proteins (21%) were the most abundant protein groups
in the urinary proteome, whereas the proportion of secreted proteins was only 16%.
Further, more intracellular compartment proteins released from tissues were seen in
the urinary proteome of the infected group compared to the serum proteome. Also,
197 cytokines and their receptors were observed in urine of infected group, whereas
124 cytokines were seen in serum. In the same study, the reduction in endosomal sort-
ing complexes required for transport (ESCRT) complex proteins and downregulation
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of CXCL14 in urine was reported to be associated with an increase in SARS-CoV-2 rep-
lication [48]. In another study consisting of 142 infected volunteers and 104 healthy
volunteers, urine samples were subjected to mass spectrometry. Significant alterations
in nitrogen metabolism, D-glutamine and D-glutamate metabolism, aminoacyl-tRNA
biosynthesis, arginine biosynthesis, glutathione metabolism, pantothenate and CoA
biosynthesis, glyoxylate and dicarboxylate metabolism were noticed among infected
group and control group. Nineteen amino acids such as alanine, leucine, glutamine,
tryptophan, and 15 acylcarnitines were obtained from urine analysis. Glycine level
was decreased in the infected group. Alteration in valine was also observed. This study
suggested acylcarnitines as important markers for COVID-19 infection [49].

Acquired Immunodeficiency Syndrome (AIDS) is responsible for causing a severe
immunosuppressive state on the immune system of humans. AIDS has emerged asa
global health hazard and no effective methods are available for the characterization of
affected patients. Urinary metabolomics can be a promising method to differentiate
affected and nonaffected AIDS individuals, and also for monitoring the progress of
HIV therapeutics. Studies using biofluids, such as urine, whole blood, and serum,
have also been employed to identify metabolite markers correlating to HIV-induced
oxidative stress (OS). Munshi et al. suggested that urinary neopterin could be used
as a metabolic biomarker of AIDS infection. Urinary glutamic acid and formic acid
levels were higher in HIV/AIDS patients compared to healthy controls. When com-
paring HIV-infected patients treated with or without antiretroviral therapy (ART),
ART naive patients had lower levels of urinary methionine, 2-methylglutaric acid,
L-alanine, and glycolic acid, however, patients receiving ART had even reduced levels
of the aforesaid metabolites [50]. Hence, urinary amino acids and their metabolites
can help to serve as markers for assessing the progress of ART in AIDS patients.

Malaria is a mosquito-borne parasitic illness caused by Plasmodium falciparum,
Plasmodium vivax, and Plasmodium berghei. Morbidity and mortality caused by these
parasites are greater in tropical and sub-tropical countries. Prospect of infection
biomarkers in biofluids is therefore important in a population to control the impact of
the infection. Urinary metabolites could be used as a tool to differentiate the infected
groups from the noninfected ones. In a case-control study of 21 P, falciparum-infected
individuals and 25 controls, urine samples subjected to high-performance liquid
chromatography-high resolution mass spectrometry (HPLC/HRMS) revealed altered
levels of 1,3-diacetylpropane, N-acetylputrescine, and N-acetylspermidine between
patients and control cohorts, thereby suggesting these molecules as potential bio-
markers for malarial infections [51]. NMR spectroscopy of urinary samples from
patients infected with P. vivax was also studied. Urinary ornithine and pipecolic acid
were higher in malarial patients and could be used as a potential biomarker to differ-
entiate between malarial and nonmalarial cases [52]. In another study using a mouse
model of P, berghei infection, 4-amino-1-[3-hydroxy-5- (hydroxymethyl)-2,3-dihy-
drofuran-2-yl]pyrimidin-2(1H)-one and 2-amino-4- ({[5- (4-amino-2-oxopyrimidin-
1(2H)-yl)-4-hydroxy-4,5-dihydrofuran-2-yl]methyl}sulfanyl) butanoic acid were the
two urinary metabolites detected in infected mice groups compared to healthy mice
[53]. Therefore, the aforementioned catabolites in urine may aid to assess the progres-
sion of the disease among affected individuals.

5.5 Renal dysfunction

Acute kidney injury is defined as a sudden phase of kidney failure that occurs in
a few hours. This condition is characterized by an increase in serum creatinine and a

94



Application of Urine Metabolomics as a Marker in Health and Disease
DOI: http://dx.doi.org/10.5772/intechopen.109808

notable decrease in urine output [54]. Chronic kidney disease (CKD) is a condition,
where glomerular filtration rate is progressively affected along with kidney damage
[55]. In a study conducted in patients with acute kidney injury, urine samples from
patients subjected to LC-MS and 1H NMR scanning revealed an increase in urea cycle,
proline metabolism, nitric oxide pathway, and its metabolite, asymmetric dimethyl-
arginine (ADMA), serotonin metabolism and homovanillic acid. On the other hand,

a decrease in Kreb’s cycle and citrate, benzoate metabolism and hippurate, pyruvate
metabolism, and lactate were observed [56-58]. In another study conducted by
Matin-Lorenzo et al., urine samples were collected from 24 control subjects and 38
patients with acute kidney injury. LC-MS/MS analysis revealed urinary 2-hydroxybu-
tyric acid, pantothenic acid, and hippuric acid were significantly downregulated and
urinary N-acetylneuraminic acid, phosphoethanolamine and serine were upregulated
in diseased patients [59]. It was also reported that a low risk of chronic kidney dis-
ease is associated with urinary glycine and histidine, increased urinary lysine, and
NG-monomethyl-L-arginine (NMMA) [60]. However, carnitine metabolism, beta-
oxidation and acylcarnitines, phenylacetylglutamine, urea cycle, proline metabolism
and their metabolites, proline, and citrulline were increased in chronic kidney
disease. Conversely, urea cycle, proline metabolism, nitric oxide pathway and ADMA,
Krebs cycle and citrate, bile acid metabolism, and taurocholate were reported down-
regulated in chronic kidney disease conditions [61, 62].

Diabetes is a chronic (DM) metabolic disease that result in unusually higher
preprandial plasma glucose levels as a result of defects in insulin secretion, insulin
activity, or both. Chronic diabetes can lead to several pathophysiological conditions
that range from cardiovascular abnormalities to renal failure. The hemodynamic
dysregulation caused by diabetes mediates renal injury by inducing abnormal mor-
phological and functional changes in the renal nephrons [63]. Gas chromatography-
mass spectrometry was used to quantify 94 urine metabolites in screening cohorts of
patients with diabetes mellitus (DM) and chronic kidney disease CKD (DM + CKD),
in patients with DM without CKD (DM-CKD), and in healthy controls. Thirteen
metabolites were significantly reduced in the DM + CKD cohorts compared to healthy
groups. Twelve of them are related to mitochondrial metabolism, suggesting a sup-
pression of mitochondrial activity in diabetic kidney disease [64].

Autosomal dominant polycystic disease is a hereditary disorder which is character-
ized by cyst formation in ductal organs, mainly the kidney and the liver, and also by
gastrointestinal, musculoskeletal, and cardiovascular abnormalities [65], Research
conducted in a mouse model for autosomal dominant polycystic kidney disease was
used to assess whether metabolomic shifts prior to renal cystogenesis can aid in
early diagnosis for the condition. Utilizing GC-MS time of flight spectroscopy, urine
samples collected from mice prior to exhibiting any serological evidence of kidney
dysfunction revealed that purine and galactose metabolic pathways were affected,
with elevation of biomarkers such as allantoic and adenosine [66].

6. Conclusion

Urine metabolomics is a powerful diagnostic technique that can be utilized to diag-
nose several diseases, including cancers, hereditary diseases, immune-mediated and
metabolic disorders, and renal dysfunction. Urine metabolite constituents essentially
serve as biomarker signatures to identify pathways related to specific diseases as well
as to detect abnormal concentrations of the metabolites that may be associated with
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the disease. Furthermore, the analysis of urinary metabolome can be used to evaluate
disease activity, response to treatments and to monitor the progression or remission
of the disease. Additionally, the standardization and curation of urine metabolomic
databases for health and pathological phenotypes can potentially be developed and
employed in routine clinical settings for disease diagnosis.
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Chapter 6

Detecting Naloxone in Adulterated
Urine Samples: Can Naloxone Be
Detected When Buprenorphine/
Naloxone Film Is Dipped Directly
into Urine and Water?

Hiroko Fuvro, Tony Lin, Yi Yuan Zhou and Savah Abdelsayed

Abstract

This study is aimed at exploring if “naloxone” is detected in urine and water
samples by dipping buprenorphine/naloxone film directly into these specimens. This
study utilized 12 urine samples from 12 healthy participants who were not taking
any medications with four samples added as a control. Sublingual generic buprenor-
phine/naloxone (8 mg/2 mg) film was dipped directly into these samples. They were
sent to the ARUP laboratory for gas chromatography-mass spectrometry (GC/MS)
quantitative analysis. The results were analyzed using IBM SPSS Statistics software.
The results showed that “naloxone” was detected at high levels both in urine samples
and in water, into which buprenorphine/naloxone film was dipped. In addition, the
“naloxone” level was associated with the area of the film and the time in contact with
the urine or water samples, but it was not affected by the urine concentration or the
temperature of the specimens. This information will be useful for clinicians in identi-
fying urine manipulation and interpreting urine drug test results and can help them
for accurate monitoring of their patients’ treatment progress in opioid use disorder
(OUD) treatment programs.

Keywords: opioid, urine, buprenorphine, norbuprenorphine, creatinine

1. Introduction

Naloxone* is an opioid antagonist that binds to mu-opioid receptors and blocks
opioid agonist effect. It is primarily metabolized by the liver and excreted by
the kidneys. In the liver, it predominantly undergoes glucuronide conjugation to
“naloxone-f-3-glucuronide”, while minor metabolic pathways generate nornaloxone

* In order to differentiate “naloxone” found in urine versus other naloxone format such as naloxone in
buprenorphine/naloxone combined medication, “naloxone” and other components found in specimens are
expressed with quotation marks around them as “naloxone.”
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(noroxymorphone) through N-dealkylation of naloxone by CYP2C18 and 2C19
primarily, which go through subsequent glucuronidation [1, 2].

Naloxone has approximately 30-45 minute duration of action with a short half-
life of 1.87-5.45 hours and reaches peak activity within 0.750-1.13 hours when taken
sublingually [2-4]. It dissociates rapidly from opioid receptors within 6.5 minutes
and has a low bioavailability of an estimated 3% through the sublingual route of
administration with extensive first-pass metabolism [5]. Naloxone can be adminis-
tered through various routes, which include intravenous, intramuscular, subcutane-
ous, endotracheal, sublingual, intralingual, submental and intranasal routes [6].
Naloxone, however, is estimated to be 50-250 times more potent when intravenously
injected than orally administered [7]. Given this unique characteristic, naloxone is
administered parenterally in order to increase its bioavailability, especially when it is
used to reverse opioid effect in opioid overdose cases [8].

The effect of naloxone in combined buprenorphine/naloxone medication when
taken sublingually is assumed to be clinically insignificant due to its poor absorption
(<10%) and extensive first pass metabolism [4]. Therefore, combining buprenor-
phine and naloxone is strategized to deter unintended use such as intravenous injec-
tion and intranasal insufflation [9]. When taken through these routes, the addition of
naloxone to buprenorphine antagonizes mu-opioid receptors and prevent the intoxi-
cating effects of buprenorphine; however, there are some controversies in adding
naloxone to buprenorphine products [5, 10].

While it is widely accepted that naloxone has a poor oral and sublingual bioavail-
ability, many studies found “naloxone” detected at various levels in urine samples
of patients who are on sublingual buprenorphine/naloxone medication [11, 12]. For
example, Strickland and Burson found that 92.7% of urine samples from those who
were on buprenorphine/naloxone medication had >30 ng/mL of “naloxone” detected
[13]. At high levels within the system, naloxone may exert its antagonist effect on
mu-opioid receptors, competing with the desired therapeutic effect of buprenorphine
[7]. Therefore, it has been argued that combined medications can still contribute to
certain negative effects of naloxone such as precipitated withdrawal during buprenor-
phine/naloxone induction or maintenance phase of OUD treatment [14].

In addition, many means of urine adulteration among the OUD patients
who are on buprenorphine have been reported. One of the common methods of
urine adulteration is “dipping” or “spiking” in which patients attempt to dissolve
buprenorphine/naloxone film into urine samples directly. Heikman et al. reported
that stable patients who are on buprenorphine/naloxone treatment had a median
urine “naloxone” concentration of 60 ng/mL while that of unstable patients had a
similar median of 70 ng/mL. The same study also found that the urine “naloxone”
concentration in unstable patients ranged between 10 and 1700 ng/mL while that
of the stable patients had a narrower window between 5 and 200 ng/mL [15]. This
contrasting comparison of urine “naloxone” concentrations between stable and
unstable patients raises the question of appropriate use of buprenorphine/naloxone
therapy and the possibility of high “naloxone” levels in urine as an indication for
urine adulteration.

Urine testing strategies have been developed to address this practice. Many previ-
ous studies discussed the use of elevated ratio between “buprenorphine” and “nor-
buprenorphine” in the urine as an indicator of urine adulteration [16-19]. In addition
to this high ratio between “buprenorphine” to “norbuprenorphine”, high “naloxone”
levels in urine samples may also point to adulteration. Warrington, et al. suggested
that urine samples with “naloxone” concentration greater than 2000 ng/mL should
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raise suspicion of adulteration, likely from dipping buprenorphine/naloxone film into
the sample [20]. In their study, “buprenorphine” to “norbuprenorphine” ratios were
found to be high along with the elevated “naloxone” levels in the urine samples with
suspected adulteration. This supports the notion that “naloxone” concentration in the
urine can be used as one of the indicators for urine sample adulteration.

While previous studies utilized urine samples from individuals who were on
prescribed buprenorphine/naloxone, the impact of adulteration on substance-free
urine and purified water remains unproven. Burns et al. conducted an in vitro study
in which naloxone was added to urine samples that came from healthy volunteers
who were not on any medications, and they found that “naloxone” was detected in
the urine samples [21]. While the elevated “naloxone” level in urine samples may be
flagged for adulteration, to our knowledge, there are no studies to date that demon-
strate whether high levels of “naloxone” can be detected by dipping buprenorphine/
naloxone film in water or urine samples from those who are not taking the combina-
tion medication.

The aim of this study is to detect and quantify the presence of “naloxone” in adul-
terated urine samples from those who are not on buprenorphine/naloxone medication
and adulterated purified water samples. The findings of this study should deepen our
understanding on the pharmacokinetics and pharmacodynamics of naloxone.

2. Methods
2.1 Data

This is a urine test experiment study. After the Institutional Review Board (IRB)
application was approved at the University of Texas Health at San Antonio (IRB
Protocol ID 20220593HU), 12 urine samples from 12 participants were collected at our
clinic. These participants were recruited through flyers and word-of-mouth. One of
the inclusion criteria stipulates that the participant is not taking any medications or
illegal substances such as opioids and marijuana. This criterion was included because
certain medications and substances can inhibit or induce relevant CYP450, which
might affect naloxone metabolism and consequently the “naloxone” levels in urine
[12]. Another inclusion criterion was “healthy” participants without any major health
issues. This inclusion criterion was added because naloxone is metabolized in the liver
through glucuronide conjugation, and hepatic impairment can alter naloxone metab-
olism and consequently affect “naloxone” levels in the urine [22]. The last inclusion
criterion was the ability to provide >80 mL urine samples. 15 healthy participants who
were not on any medications were initially recruited. 3 participants from this initial
pool were excluded due to their inability to provide adequate urine volume. Therefore,
12 urine samples from 12 participants were included in this study. At the time of urine
collection, these 12 participants were asked to fill out a demographic information
form. Their participation to this study was compensated financially for their time and
urine sample contribution.

After the 12-urine samples were collected, each sample was then divided into
four specimen aliquots with 20 mL each. Then, sublingual generic buprenorphine/
naloxone (8 mg/2 mg) film of 12.8 mm width and 22.0 mm length was dipped directly
into each urine specimen. In the first aliquot, 1 mm of buprenorphine/naloxone film
was vertically dipped into the urine specimen for three seconds (1 mm*3 sec); in the
second, half of a film, approximately 11 mm, was vertically dipped for three seconds
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(half*3 sec); in the third, a full film was dipped for three seconds (full*3 sec); and

in the fourth, a full film was dipped for thirty seconds (full*30 sec). That way, we
could investigate if area and/or duration of dipping can alter the “naloxone” levels.

In addition, four control samples were utilized; (1) room temperature purified water
(RT water), (2) water at approximately 97° F (Body Temperature or BT water), (3)

2 mL of urine diluted with 18 mL RT water (10% RT), and (4) 2 mL of urine diluted
with BT 18 mL water (10% BT). These four control samples were added to examine if
“naloxone” can be detected in water without any human urine and if the temperature
and concentration of urine can affect “naloxone” levels in adulterated urine samples.

2.2 Data analysis

All specimens mentioned above were sent to the ARUP laboratory for quantitative
tests. The tests included “naloxone” and “creatinine” levels. The results were stored
in Microsoft Excel (Microsoft 365) without any identification of the participants.
Then, the data sets were analyzed with T tests/Analysis of Variance (ANOVA)
depending on the data sets, utilizing IBM SPSS statistics software (Version 28.0.0.0)
[23]. The “alpha level” was set as 0.05 for the analyses (a = 0.05).

3. Results

The demographic information of the 12 participants was reviewed and is summa-
rized in Table 1.

The majority of the participants were male (83.3%), Hispanic (66.7%), nonsmoker
(91.7%), and non-veterans (91.7%) with some college education (66.7%). All of
them denied any medication use or current medical issues. The average age of the 12
participants was 32.9 years old with a range of 20 to 57 years old. The average BMI was
29.1 kg/m” with a range of 21 to 40.3 kg/m”.

The “naloxone” and “creatinine” levels were checked, and the average and standard
deviation (SD) of the four different specimen aliquots in each sample are listed in Table 2.
The “naloxone” level with maximum measurable level was 1000 ng/mL, and any values
surpassing it were considered as 1000 ng/mL for the purpose of calculations. Similarly,
when the “naloxone” level was lower than the minimal measurable or detectable level
(<100 ng/mL), 0 ng/mL was used for the purpose of calculations. The reportable range
of “creatinine” was 5-2239 mg/dL, while that of “naloxone” was 100-1000 ng/mL. The
“naloxone” was reported with the unit of ng/mL while that of “creatinine” with mg/dL.

Table 2 shows that when buprenorphine/naloxone film was dipped directly into
these specimens, “naloxone” was detected in the samples. Although “naloxone” was
not detected in one of the 1 mm*3 sec specimens, all of the other specimens had “nal-
oxone” detected in the urine specimens. In particular, all of the specimens with full
film dipped for 30 seconds showed high levels of “naloxone” detected with >1000 ng/
mL. All the creatinine levels were within normal range (20-400 mg/dL in the ARUP
laboratory report) with an average of 89.75 mg/dL.

A statistically significant difference is present when we compared with 1 mm
dipped for 3 seconds, half film dipped for 3 seconds, and full film dipped for 3 sec-
onds by a one-way ANOVA (F(2, 33) = [3.401], p = .045). This indicates that the
larger the area of film in contact with the urine specimen, the higher the level of
“naloxone” detected in the urine. Also, when we compare the specimens that had a
full film dipped for 3 seconds (M = 765.83, SD = 356.91) versus 30 seconds (M = 1000,
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Characteristic (N =12) Mean + SD orn (%) Range
Age (y) 329:113 20-57
Sex, Male 10 (83.3.%)

Ethnicity 8 (66.7%)

Hispanic 3 (25%)

White Other 1(8.3%)

BMI (kg/m”) 291+57 21-40.3
Smoking

Never 11 (91.7%)

Smoker 1(8.3%)

Veterans 1(8.3%)

Education

Some college 8 (66.7%)

Bachelor’s 3 (25%)

Others 1(8.3%)

The information is presented as mean + standard deviation (SD) or mean with n (number) in %. BMI, body mass index.

Table 1.

Demographic information of 12 participants.

Subjects Aliquot1 Aliquot 2 Aliquot 3 Aliquot 4 Creatinine
(1 mm*3 sec) (half*3 sec) (full*3 sec) (full*30 sec) mg/dL

1 <100 337 >1000 >1000 84

2 331 >1000 >1000 >1000 165
3 >1000 110 117 >1000 52

4 407 >1000 >1000 >1000 27

5 933 >1000 >1000 >1000 159
6 226 >1000 >1000 >1000 45

7 809 >1000 >1000 >1000 97

8 233 >1000 >1000 >1000 67

9 524 >1000 >1000 >1000 75
10 187 969 504 >1000 138
11 263 601 354 >1000 73
12 991 >1000 215 >1000 95
Average 492.00 834.75 765.83 1000.00 89.75
SD 351.82 311.03 356.91 0.00 43.98

Aliquot 1 (1mm’*3 sec) = a buprenorphine/naloxone film was dipped vertically 1 mm for three seconds; Aliquot 2
(half*3 sec) = half film was dipped for three seconds; Aliquot 3 (full*3 sec) = full film was dipped for three seconds;
and Aliquot 4 (full*30 sec) = full film was dipped for 30 seconds. SD = Standard Deviation.

Table 2.

“Naloxone” levels in 12 urine samples.
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SD = 0) by an independent sample T test, a statistically significant difference of
“naloxone” levels was observed; t(22) = —2.273, p = .033). This indicates the longer
the time the film was dipped, the higher the “naloxone” levels were detected. Thus,
these results indicate that the volume and duration of dipping can influence “nalox-
one” levels in urine.

Next, the average of “naloxone” levels in the 12 urine specimens, the diluted 10%
urine sample, and purified water sample were compared. The results are summarized
in Table 3. In the table below, “naloxone”, “creatinine” and “naloxone/creatinine”
levels are listed with the units and the cut off levels. Because the unit of “naloxone”
was recorded with “ng/mL” while that of “creatinine” was (mg/dL), the ratio between
“naloxone” and “creatinine” was listed with (***) for an easier understanding.

Table 3 shows that when the film was dipped into purified water without human
urine, “naloxone” was detected. This indicates that “naloxone” detected in urine
might be mere dissolvents instead of metabolites. Next, the “naloxone” levels of room

Samples “Naloxone” ng/mL “Creatinine” mg/dL “Naloxone”/“
(100-1000) (5-2239) Creatinine” (*™*)
Water BT 1 mm*3 sec 637 ND NA
Half*3 sec >1000 ND NA
Full*3 sec >1000 ND NA
Full*30 sec >1000 ND NA
Water RT 1 mm*3 sec 347 ND NA
Half*3 sec >1000 ND NA
Full*3 sec >1000 ND NA
Full*30 sec >1000 ND NA
10% BT 1 mm®*3 sec 304 7 4343
Half*3 sec >1000 7 142.86
Full*3 sec 468 7 66.86
Full*30 sec >1000 7 142.86
10% RT 1 mm*3 sec ND 6 NA
Half*3 sec 761 6 126.83
Full*3 sec 436 6 7267
Full*30 sec >1000 6 166.67
Urine BT 1 mm*3 sec 492 89.75 6.78
(12 urine Half*3 sec 834.75 89.75 11.84
average) Full*3 sec 765.83 89.75 11.26
Full*30 sec >1000 89.75 14.4

ND (not detected) indicates that the “naloxone” or “creatinine” was under the detectable level. NA (not applicable)
indicates that “naloxone” or “creatinine” was undetected, and thus we were not able to calculate “naloxone”/ “creatinine”
ratio. BT (body temperature) means that the sample temperature was ~97° F. RT (voom temperature) in 10% RT means
that the samples were diluted by room temperature purified water. The unit as well as the minimal and maximal
measurable levels are listed in the table. “Creatinine” levels of four specimens in one sample are the same because only one
urine “creatinine” level in each sample was tested.

Table 3.
“Naloxone” levels in urine specimens, 10% diluted urine, and purified water.
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temperature water were compared with those of body temperature with one-sample
T-test. We found that the “naloxone” levels of room temperature water (M = 836.75,
SD = 326.50) were not significantly different from those with body temperature water
(M =909.25, SD = 181.50); t(6) = .388, p = .711). Thus, the temperature difference did
not affect “naloxone” levels. Finally, when the “naloxone” levels of body temperature
purified water, body temperature 10% urine and body temperature pure urine were
compared by a one-way ANOVA, there was no statistical difference (F(2, 9) = [.690],
p = .526). Thus, the urine concentration difference did not affect “naloxone” levels.
These results indicate that temperature and concentration of urine samples did not
affects “naloxone” levels.

4. Discussion
4.1 Clinical effects of sublingual naloxone

This study demonstrated that high levels of “naloxone” were found in adulterated
urine samples from individuals who were not taking any medications. High levels of
“naloxone” were also detected in the purified water samples when buprenorphine/
naloxone film was dipped into the samples. Thus, these results and those in the
previous studies on urine “naloxone” levels suggest that “naloxone” can be detected in
adulterated urine samples both from those who are not on buprenorphine/naloxone
and those who are on buprenorphine/naloxone [15, 20]. This information can lead to
the speculation that “naloxone” detected in urine samples can be mere dissolvents of
some fraction of naloxone instead of metabolites, and consequently imply a pos-
sibility that “naloxone” in urine samples from the patients taking buprenorphine/
naloxone films were the mere dissolvents of some naloxone in the urinary system,
considering naloxone’s low bioavailability and extensive first-pass metabolism.
Unfortunately, we were unable to distinguish between “naloxone” in urine that has
been excreted by nephrons after it was absorbed and metabolized versus some frac-
tions of “naloxone” that have been only dissolved in the system.

The clinical effects of sublingual naloxone on healthy patients have been contro-
versial. For example, Nasser, et al. conducted a research study, in which 43 partici-
pants received one single sublingual tablet of brand name Suboxone (buprenorphine/
naloxone 2 mg/0.5 mg) and their plasma “naloxone” levels in their blood samples
were monitored for up to 168 hours. They found that the participants with severe
hepatic impairment had higher and longer “naloxone” levels detected compared
with the healthy participants; however, the inactive metabolite, “naloxone 3-p-D-
glucuronide” levels were similar between the two groups. They concluded that
sublingual buprenorphine/naloxone combined product should be avoided for those
who have severe hepatic impairment [4]. This study also suggested that naloxone is
metabolized in the liver and may provide clinical effectiveness only for those who
have hepatic impairment. The clinical effects of sublingual naloxone on healthy
patients remain controversial.

Strickland and Burson reviewed the charts of 561 patients, 11.1% of whom were
on buprenorphine/naloxone combination products while the others received mono
products. The authors reported that urine “naloxone” was detected in the majority
of samples; 97.8% from the 63 patients who were on the dual medication had >1 ng/
mL naloxone, and 92.7% of them had 30 ng/mL of naloxone. The authors argued that
sublingual naloxone may be absorbed and thus cause unpleasant adverse effects [13].
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By contrast, the pharmacological effects of sublingual naloxone have a 10-times
lower binding affinity to p opioid receptors, compared to buprenorphine, namely,
rapid opioid receptor dissociation (approximately 6.5 minutes); short half-life of
naloxone (60-90 minutes compared to 24-60 hours of buprenorphine); low bioavail-
ability (estimated 3% sublingually); and first-pass bioavailablility, led to the postula-
tion of insignificant clinical effects in sublingual naloxone. After the Food and Drug
Administration (FDA) approved buprenorphine/naloxone combination medication
in 2002 [24], this combined medication became the standard of care, especially after
the Substance Abuse and Mental Health Services Administration (SAMHSA) warned
about the misuse potentials of monotherapy [25]. However, the controversy of
combined naloxone/buprenorphine versus monotherapy of buprenorphine has yet to
be resolved, and further research and discussion on this topic await.

4.2 Adulteration

This study found that the amount of the film that was used to adulterated
urine specimen did affect the concentration of “naloxone” detected in the urine.
Submerging a small portion of the film for a short period of time (1 mm®*3 sec) in
this study resulted in an average of 492 ng/mL of “naloxone” levels in the urine
samples among the 12 participants. By contrast, the urine samples with full film
dipped into the aliquot for 3 seconds (Full*3 sec) yielded an average of 765.83 ng/mL
of “naloxone”. These numbers are very similar with those found in the study done
by Warrington, et al. on the “naloxone” levels in suspected adulterated urine. They
retrospectively reviewed “naloxone” levels of 1223 urine samples from two practice
sites and reported that the average “naloxone” level was “633.65ng/mL (range
1-12,161 ng/mL) with 54% of samples <300 ng/mL and 8.0% having >2000ng/
mL. One of the sites had increased evidence of urine adulteration and 9.3% of the
samples from this site contained >2000 ng/ml of “naloxone” with an average of
686.8 ng/mL. The other site had no report of urine adulteration and demonstrated
an average “naloxone” level of 570.9 ng/mL with 6.4% of samples containing
>2000 ng/mL. This study concluded that extremely high levels of “naloxone” can
suggest urine adulteration [20]. Furo also reviewed 97 patient charts with urine
drug screening results in an outpatient telemedicine OUD clinic and found that
average “naloxone” level was 687.2 ng/mL that ranged from 5 ng/mL t0>2000 ng/
mL with 15.30% >2000 ng/mL [26].

Heikman, et al. collected 40 urine samples from 32 patients and found much
lower average of “naloxone” levels in their study. In their study design, the first group
(Group 0: pre-treatment) received parental buprenorphine before buprenorphine/
naloxone treatment; the second group (Group 1: stable patients) consisted of stable
patients who were on prescribed sublingual buprenorphine/naloxone treatment
without any illicit substances in their urine; and the third group (Group 2: unstable
patients) had prescribed sublingual buprenorphine/naloxone with unexpected urine
test results. The urine samples were collected about 24 hours after the last buprenor-
phine/naloxone medication dispensation. The study found that the median naloxone
level in the stable phase was 60 pg/L (=ng/mL, henceforth ng/mL), ranged from 5 ng/
mL to 200 ng/mL while that in the unstable phase was 70 ng/mL, ranged from 70 ng/
mL to 1700 ng/mL. They concluded that high “naloxone” level can indicate non-
compliance of buprenorphine/naloxone treatment [15].

The average “naloxone” levels in the study by Heikman, et al., [15] was much
lower compared with those in the studies mentioned above. This may be because
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naloxone has a short half-life of 60-90 minutes [22] and because their urine collec-
tion was done approximately 24 hours after the last dose of buprenorphine/naloxone
medication. The average “naloxone” levels of this current study (e.g. 492 ng/mL of

1 mm*3 sec specimen group and 765.83 ng/mL of full*3 sec group) of the adulterated
urine samples from those who were not on buprenorphine/naloxone were similar to
those of these previous studies (e.g. 687.2 ng/mL in Furo [26] and 570.9 ng/mL in
Warrington, et al. [20]) with the unadulterated urine samples from those were on
buprenorphine/naloxone. This similarity should be explored further in relation to the
implication of pharmacokinetics and pharmacodynamics of naloxone in the system.

4.3 Clinical applications

The results of this study can be used to help clinicians interpret urine toxicology
test results more accurately. In this section, seven simulated cases based on previously
encountered results are discussed to present how to apply the findings of this study to
the daily practice of OUD treatment. The cases and their associated laboratory values
as well as the buprenorphine prescription dosage are summarized in Table 4.

4.3.1 Case 1

[Bup 278 ng/mL, Norbup 635 ng/mL, Bup/Norbup 0.44, Nal 687 ng/mL, Cre
133.9 mg/dL, Bup/Nal 16 mg/4 mg per day, appropriate case].

This is a typical pattern of urine toxicology results. If patients are taking
“buprenorphine” daily, “norbuprenorphine” is usually higher than “buprenorphine”,
[16] and creatinine is within normal range (20-400 mg/dL) (The ARUP laboratory
criteria). Therefore, this is an appropriate urine toxicology case for those who are
compliant with buprenorphine/naloxone treatment.

4.3.2 Case 2

[Bup >2000 ng/mL, Norbup 17 ng/mL, Bup/Norbup 117.65, Nal 2000 ng/mL, Cre
97.2 mg/dL, Bup/Nal 16 mg/4 mg per day, inappropriate case].

Cases Bup Norbup Bup/ Nal Cre Bup /nal prescription
(ng/mL) (ng/mL) Norbup (ng/mL) (mg/dL) (dose per day)
Casel 278 635 0.44 687 1339 Bup/Nal 16 mg/4 mg
Case 2 >2000 17 11765 >2000 972 Bup/Nal 16 mg/4 mg
Case 3 >2000 >2000 1.00 >2000 306.7 Bup/Nal 16 mg/4 mg
Case 4 >2000 10 200.00 <2 (undetectable) 82.6 Bup 16 mg
Case5 >2000 17 117.65 5 179.2 Bup/Nal 16 mg/4 mg
Case 6 >2000 >2000 1.00 >2000 82.5 Bup/Nal 16 mg/4 mg
Case7 286 569 0.50 71 67.5 Bup 16 mg

Bup = Buprenorphine, Norbup = Norbuprenorphine, Nal = Naloxone, Cre = Creatinine. The units are listed in the top
column. The level > 2000 ng/mL was considered 2000 ng/mL for the calculations.

Table 4.
7 simulated cases in clinical practice and their associated laboratory values.
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This is a typical pattern of urine adulteration of having dipped buprenorphine/
naloxone film directly into the urine sample. The ratio between buprenorphine/nor-
buprenorphine is >50 [17]. The very high naloxone level (>2000 ng/mL) confirms this
suspicion of adulteration, consistent with the results of this study.

4.3.3 Case 3

[Bup >2000 ng/mL, Norbup >2000 ng/mL, Bup/Norbup 1.0, Nal >2000 ng/mL,
Cre 306.7 mg, Bup/Nal 16 mg/4 mg per day, appropriate case].

This case has a high level of naloxone >2000 ng/mL, so there is suspicion of
urine adulteration; however, this is an example, in which a high naloxone level does
not mean urine adulteration. As Furo’s study found that 15% of urine samples had
“naloxone” levels >2000 ng/mL [26], a high level of naloxone can also be due to other
reasons. This case illustrates that we can use a high “naloxone” level to confirm urine
adulteration only if the buprenorphine/naloxone ratio is >50:1; “naloxone” level itself
cannot be the main determining factor of urine adulteration. In other words, the
judgment of urine adulteration should be based on high buprenorphine/norbuprenor-
phine ratio. Therefore, this is an appropriate case of buprenorphine/naloxone treat-
ment. One might wonder why is this patient’s “naloxone” level so high? The answer is
that this patient might be dehydrated at the time of this urine collection, indicated by
the high creatinine level, so the buprenorphine, norbuprenorphine, naloxone and cre-
atinine are all consequently very high. If this patient were well hydrated, the results
should have been similar to Case 1 with a much lower creatinine level. Thus, this
example should be appropriate for the buprenorphine/norbuprenorphine treatment.

4.3.4 Case 4

[Bup >2000 ng/mL, Norbup 10 ng/mL, Bup/Norbup 200, Nal <2 ng/mL, Cre
82.6 mg/dL, Bup 16 mg per day, inappropriate case].

This case is an adulteration case in which the patient is prescribed buprenorphine
only medication. This patient has not taken this medication for a while, indicated by
the low norbuprenorphine level. This case has a high ratio of buprenorphine/norbu-
prenorphine, but naloxone is undetectable, which means that prior to the urine col-
lection, buprenorphine medication has been crushed into powder and dissolved into
the sample. As a result, the ratio between buprenorphine/norbuprenorphine is high
(>50), but there is undetectable naloxone level (<2 ng/mL). Undetectable naloxone
level should be always suspected with buprenorphine monotherapy.

4.3.5 Case 5

[Bup >2000 ng/mL, Norbup 17 ng/mL, Bup/Norbup 11765, Nal 5 ng/mL, Cre
179.2 mg/dL, Bup/Nal 16 mg/4 mg per day, inappropriate case].

This is another case of urine adulteration as indicated with a high buprenorphine/
norbuprenorphine ratio (>50:1). However, “naloxone” is detected at a very small
amount. Because of the high buprenorphine/norbuprenorphine ratio, we expect a
high level of “naloxone” if buprenorphine/naloxone was dipped in this urine sample.
Otherwise, we expect undetectable level of “naloxone” if buprenorphine only medi-
cation was dissolved into the urine sample. The small amount of “naloxone’s being
detected means that this patient probably has taken buprenorphine/naloxone at
least 24 hours before this urine collection [15], and thus there was a small amount of

112



Detecting Naloxone in Adulterated Urine Samples: Can Naloxone Be Detected When...
DOI: http://dx.doi.org/10.5772/intechopen.109412

“naloxone” residue detected. Compared with buprenorphine, the naloxone’ half-life
is much shorter, and thus, a low level of naloxone can be detected while relatively
higher level of buprenorphine and norbuprenorphine still remained in the system
after an intermittent use of buprenorphine/naloxone. In addition, this patient tam-
pered the urine sample with buprenorphine only medication, which is indicated by
the high buprenorphine/norbuprenorphine ratio. If buprenorphine/naloxone com-
bined medication was dipped into this urine sample, the naloxone level would have
been much higher as indicated by the results of this study, unless the patient has some
issues of naloxone metabolism such as the enzyme to metabolize naloxone is inhibited
by certain medication(s) or genetically. This patient is prescribed with buprenor-
phine/naloxone combined medication, so it is uncertain as to why this patient added
additional buprenorphine to the urine.

4.3.6 Case 6

[Bup >2000 ng/mL, Norbup 2000 ng/mL, Bup/Norbup 1.0, Nal 2000 ng/mL, Cre
82.5 mg/dL, Bup/Nal 16 mg/4 mg per day, appropriate case].

This case has high “buprenorphine”, “norbuprenorphine” and “naloxone” levels,
so we can speculate dehydration; however, “creatinine” level is not as high as Case 3,
and therefore, we can rule out dehydration. The ratio between buprenorphine to
norbuprenorphine is <50:1, so it is unlikely that this sample is adulterated. This might
be a case with high metabolism patient, which causes high levels of all components.
This is rare but can happen. Thus, this is another example of a high naloxone level,
but it does not mean urine adulteration.

4.3.7 Case 7

[Bup 286 ng/mL, Norbup 569 ng/mL, Bup/Norbup 0.5, Nal 71 ng/mL, Cre 67.5 mg/
dL, Bup 16 mg per day due to naloxone allergies, inappropriate case].

This patient has an appropriate “buprenorphine” to “norbuprenorphine” ratio
(<50:1) with low level of “naloxone”; however, this result is not appropriate because
this patient was on buprenorphine monotherapy due to naloxone allergies. The
detected “naloxone” suggests that she has been taking buprenorphine/naloxone
despite her being prescribed buprenorphine monotherapy. Buprenorphine only
product has a higher street value than buprenorphine/norbuprenorphine combined
medication by approximately 20% [27]. Therefore, some patients might trade their
buprenorphine with buprenorphine/naloxone combination medication for the
marginal profit.

In summary, as this study found, a high concentration of “naloxone” can confirm
suspected urine adulteration if buprenorphine/norbuprenorphine ratio is >50:1.
However, a high level of “naloxone” alone does not necessarily involve urine adultera-
tion, especially without a high ratio of buprenorphine/norbuprenorphine. The patient
might have dehydrated at the time of urine collection, or the patient might be a fast
metabolizer of buprenorphine/naloxone. Therefore, we should monitor creatinine
level because it can indicate the hydration status of the patient [28], as dehydra-
tion can cause high levels of “naloxone” in addition to high “buprenorphine” and
“norbuprenorphine” levels. Furthermore, a patient with high metabolism can cause
high levels of “buprenorphine”, “norbuprenorphine” and “naloxone” without a cor-
responding high “creatinine” level. Finally, if “naloxone” is observed in urine sample,
we can suspect that the patient is taking or had taken buprenorphine/naloxone
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combined medication, while if no naloxone is identified, the patient is on buprenor-
phine monotherapy.

4.4 Clinical implications

The results of this study have implications on clinical practice in the care of OUD
patients. With the increased use of unobserved urine toxicology collection in practice
[29], the appropriate interpretation of urine drug tests remains a challenging but vital
component of comprehensive patient care. Results from this study may suggest that
the “naloxone” detected in adulterated urine samples may be dissolved “naloxone”
instead of metabolized naloxone, or a fraction of naloxone at least. There are also
healthcare policy implications with the controversy of mono-product formulation
use in the United States as a harm reduction approach in the treatment of OUD [9].
Buprenorphine mono-product is used widely in other areas of the world [30] and
has been suggested as a medication treatment option for patients struggling with
adverse effects, thought to be potentially from naloxone absorption from sublingual
buprenorphine/naloxone combined medication [9]. With increasing research findings
that raise the concern of using “naloxone” levels in urine as an indicator of absorp-
tion of naloxone and potentially the cause of patient-reported adverse effects, these
findings reinforce the recommendation for clinicians to also consider possible urine
adulteration, resulting in elevated “naloxone” levels.

A high level of “naloxone” itself should trigger further assessment of the
patient buprenorphine/naloxone regimen; however, by itself there is insufficient
evidence to guide care. This information should be synthesized with other avail-
able urine toxicology screen parameters (buprenorphine, norbuprenorphine,
creatinine and buprenorphine/norbuprenorphine ratio) to better inform the clini-
cal picture. Moreover, the continuation of buprenorphine as a medication for OUD
yields more benefits than risks in the public health approach of addressing opioid
overdose mortality. Urine toxicology is only one piece of information to be used in
a clinical evaluation. The overall goal of improvement of multiple biopsychosocial
domains and patient-centered outcomes remains the driving force in clinical
decision-making.

Finally, the results of this study might support the stipulation that sublingual
naloxone can be minimally absorbed and metabolized in the system and thus exerts
insignificant effects clinically when taken sublingually, which might consequently
contribute to the controversy on buprenorphine/naloxone combined product versus
buprenorphine monotherapy in the buprenorphine induction process [31, 32]. The
results of this study would give us an insight on these controversial issues.

4.5 Limitations

The limitations of this study include the small sample size and reliance on sub-
jects’ report of substance and medication use. Findings from this study may be used
to apply for funding to support a larger sample size study and additional substance
testing of all samples. While the potential effects of unreported substance use are
unknown, the overall trend in this study’s results is unlikely to be impacted. An addi-
tional limitation is that this study evaluated the addition of varying buprenorphine/
naloxone levels via film into water and urine samples as a proxy for adulteration. The
actual adulteration techniques used by individuals may vary widely. A clinical trial
evaluating “naloxone” levels in adulterated and non-adulterated urine samples of
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patients prescribed buprenorphine/naloxone would be difficult in nature. To address
the range in adulteration techniques, we used multiple categories of surface areas,
dipping duration, temperatures, and concentrations of both urine and water samples
to assimilate a variety of methods and observe the resulting “naloxone” levels. Finally,
we also acknowledge that some clinicians use urine toxicology that do not report
“naloxone” levels in certain clinic practices, and therefore these findings may not be
clinically useful to all providers.

5. Conclusions

The urine “naloxone” level by dissolving buprenorphine/naloxone film is very
sensitive to the area and the time that the film come into contact with the urine
samples. Attempted adulteration of the urine sample is likely yield supratherapeutic
levels of “naloxone”. At this time, there is no consensus as to what level to set the
“naloxone” concentration as a parameter to determine the legitimacy of patient urine
samples except some research reports. While “naloxone” level is a simple component
to test for in resource-challenged practices, other metabolites such as “buprenorphine”
and its metabolite levels should be examined to guide clinical decisions. In summary,
the results of this study have provided a further insight into interpreting urine drug
screening test results for OUD patients with buprenorphine treatment. Strict monitor-
ing of urine toxicology is by no means a punitive process but to improve the outcome
of OUD treatment. Future study can focus on differentiating naloxone molecules that
were dissolved “naloxone” versus those that were renally excreted, which can enhance
our understanding on the pharmacokinetics and pharmacodynamics of naloxone.
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Chapter7

Usetulness of Urine Tests in the
Prevention, Diagnosis, Treatment
and Prognosis of Pathologies
Present during Pregnancy

Noven Villalobos

Abstract

Pregnancy produces physiological changes in the woman necessary to be able
to bring it to a happy term. However, they can favor the development of patholo-
gies in various organs and systems, ranging from urinary infections, diabetes
mellitus or gestational to hypertensive disorders of pregnancy. Which produce
substances that are excreted through the urine. There is also excretion of metabo-
lites which can be evaluated for the diagnosis and prognosis of certain chromo-
somopathies. These substances, when measured or quantified, provide bases for
diagnosis, prevention, and allow decisions to be made regarding timely treatment
in many of them.

Keywords: urinalysis, pregnancy, pathologies of pregnancy, diagnosis, urinary tract
infections

1. Introduction

Pregnancy (EMB) is considered a physiological state where the maternal organism
must adapt to the allograft it carries in its body [1]. To do this, it undergoes a series of
modifications or physiological changes that allow it to adapt to the EMB in a continuous
and dynamic way, which occur at the level of all organs and systems, and in turn are
influenced by multiple factors that include the age of the woman, previous pregnancies,
physical and nutritional status, presence of previous diseases or pathologies, among
others [2]. These changes regress after the birth of the fetus in a period of approxi-
mately 40 days or until the moment the menstrual cycle resumes, returning the mother
to the state prior to pregnancy and preparing her body for a new pregnancy [1, 2].

These changes known as gravid or physiological modifications of pregnancy
(MFE) can be monitored through laboratory tests and diagnostic aid images (such
as ultrasound) which can be routinely performed quarterly in normal EMB or vary
their frequency in those cases in which complications or pathologies associated with
it appear, which are capable of modifying its course or aggravating or unmasking a
pre-existing problem [3].
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1.1 MFEs comprise

a.Changes observable by the mother that are capable of producing specific
symptoms such as weight gain, abdominal volume increase, breast growth,
frequency, constipation, vaginal discharge, heartburn, skin hyperpigmenta-
tion [2].

b.Changes that can be assessed through physical examination by health personnel,
such as blood pressure, changes in heart rate, changes in respiratory rate, and the
presence of a noise in S3 on auscultation [2].

c.Changes detected through diagnostic aid studies in images such as basic ultra-
sound or the use of Doppler and through laboratory tests that include hematol-
ogy, blood chemistry, serology and urinalysis or urine test [2].

The kidney is one of the organs that undergo important changes with the EMB
which begin from the 6th week beginning with anatomical changes that include
dilation of the pelvis and renal calyces and ureters, all this under the action of
pregnancy hormones. Progesterone and estrogens [1, 2]. This causes an increase in
urinary dead space, at the same time that renal vascularization increases with an
increase in interstitial volume, which in turn causes an increase in kidney length of
approximately 1 to 1.5 cm. compared to a normal adult (4.5). The kidney recovers
its normal size approximately 6 months postpartum, even when the puerperium
has already ended.

All of this leads to changes in renal physiology from the hemodynamic point of
view, glomerular filtration, water and electrolyte management, and changes in the
renin-angiotensin-aldosterone system [4].

A predisposition to the appearance of urinary tract infections (UI) occurs due to
compression of the right ureter by dextrorotation of the uterus, to which the sigmoid
colon contributes, which compresses the right ureter, and to the decrease in its
peristalsis due to the action of progesterone, which favors the appearance of hydro-
nephrosis. in the right kidney, slowing of urine transit through the ureter causing
retrograde stasis. Contributing to this is the fact of the residual presence of urine in
the urinary bladder, with a decrease in its tone, and a relative increase in its capac-
ity as the EMB progresses due to uterine compression, which even produces reflux
into the ureter, and may be up to be for 24 hours or more without being eliminated
properly. Its mucosa becomes hyperemic and edematous, making it susceptible to
infections and trauma [4].

Renal blood flow increases between 35 and 60%, therefore glomerular filtration
increases between 50 and 60% together with the reabsorption of water and electro-
lytes to maintain the hydroelectrolytic balance [4-6].

During EMB, amino acids and water-soluble vitamins are lost in greater
amounts than in non-EMB. Creatinine and uric acid decrease so that normal
values for pregnant women are considered normal at 0.8 mgrs.%, and a greater
increase is considered suspicious of kidney disease. Creatinine clearance increases
by 30%. therefore, values less than 1 37 ml must be evaluated. Glycosuria is not
necessarily abnormal and there may be non-significant proteinuria of 115 to
260 mg/day [1].

122



Usefulness of Urine Tests in the Prevention, Diagnosis, Treatment and Prognosis of Pathologies...
DOI: http://dx.doi.org/10.5772/intechopen.109540

2. Utilization of urinalysis during pregnancy
2.1 Urinary tract infections

The appearance of urinary tract infections (UTI) is possibly the most frequent
pathology during EMB, with a prevalence ranging between 14 and 48% [7], favored
by the MFE that occur in the urinary tract and the alkalinization of the urinary tract.
Urine [8, 9]. It is associated with other complications of EMB including pyelonephri-
tis, preterm delivery, low birth weight newborns, and increased perinatal mortality
[10, 11].

Preterm delivery (PP) is the main complication associated with UTlIs, since
bacterial infection in maternal and fetal tissues causes the release of endotoxins and
exotoxins, cytokines, tumor necrosis factor, interleukin-1 beta, interleukins 6 and 8,
granulocyte colony-stimulating factor and other factors, which stimulate the produc-
tion and release of prostaglandins, leading to uterine contractions and neutrophil
activity, which in turn stimulate the synthesis and production of metalloproteinases,
causing membrane rupture and collagen remodeling of the cervix [12].

UTT is defined as the presence of 100,000 germs per cubic centimeter (cc) of urine
in asymptomatic patients, or greater than 100,000 germs per cc of urine and leuko-
cytes greater than 7 leukocytes per cc of urine in a symptomatic patient [10]. In most
cases, it begins in the urinary bladder, favored by MGE, which in turn will allow it to
ascend to the kidney [7].

2.1.1 Types of urinary tract infection

Asymptomatic bacteriuria: It is the presence of 100,000 organisms per milliliter
(ml) in 2 consecutive cultures with the absence of symptoms, constituting a 40% risk
factor for acute cystitis and 25 to 30% for pyelonephritis in pregnancy [9].

UTT: Presence of 100,000 organisms per ml of urine in asymptomatic patients or
more than 100,000 accompanied by more than 7 cells in a symptomatic patient [9].

Cystitis: It constitutes the lower UTI characterized by inflammation of the urinary
bladder due to bacterial causes or not (radiation) or viral. It occurs in 1 to 2% of preg-
nant women, being negative in 60% in the first screenings. It is complicated between
15 to 50% with pyelonephritis [9].

Pyelonephritis: upper UTI occurs in approximately 0.5 to 2% of all pregnancies [7, 9].

Now, what should we study in the urine test to help us diagnose UTIs or other
pathologies.

2.2 Urinary sediment

The urinary sediment is obtained from a urine sample centrifuged at 2000 revolu-
tions per minute, from which different types of cells originating from the urinary
tract epithelium, or other cells such as leukocytes, red blood cells, platelets, renal
cells, hyaline casts, are obtained. Leukocyte casts, amorphous phosphates, calcium
crystals, uric acid, urates, lipid droplets, cholesterol crystals, proteins [13].

The presence of organisms such as bacteria, which can be typical of the urinary
tract or contamination of the vagina, is frequent, as well as protozoa (vaginal tricho-
monas) and fungi such as candida vaginalis, as well as menstrual products and even
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spermatozoa [13]. Always contamination vaginal is accompanied by leukocytes and
vaginal epithelial cells, so it is necessary to examine the patient’s vagina with a specu-
lum when we have these results. Gardnerella vaginalis is another germ that causes
infections and vaginal discharges that easily contaminate the urine test.

In the urine analysis, the presence of leucocyte esterase can be evaluated, which is
an enzyme secreted by neutrophils, constituting a marker of infection [14, 15]. It has
a sensitivity of 83% and a specificity of 78% [16].

Another test used is the nitrite test. It is based on the reduction of nitrates to
nitrites carried out by enterobacteria by action of the enzyme nitrite reductase, for
which it is necessary that the urine be found without mobilizing for 4 hours, its
specificity being that it does not react with other substances [17]. Its sensitivity is 53%
and a specificity of 78% [16, 18].

When both studies are combined, they reach a sensitivity of 98% and a
specificity of 95%, which makes them very useful in the diagnosis of urinary tract
infections [17].

2.3 Phin urine

The pH of the urine covers the limits of acidity and alkalinity from 5.0 to 8.8. Ph
greater than or equal to 6.0 is considered altered [17]. Its determination is a reflection
of the buffered ion concentration and not a net measure of acids [18].

Acidic urine, with a pH less than 4.5, may be a reflection of metabolic acidosis,
such as diabetic ketoacidosis, which can affect a patient with poorly controlled
gestational diabetes or type I or II diabetes during pregnancy. Cases of patients with
chronic diarrhea, a diet rich in meat, or in cases of chronic respiratory failure [18].

In contrast, alkaline urine presents with a pH greater than 8.0 and may be due to
renal tubular acidosis, metabolic alkalosis which may be caused by pregnancy vomit-
ing in the first trimester or in the case of hyperemesis gravidarum, or in the case
administration of diuretics, in respiratory alkalosis or in cases of urinary infections by
urease-producing germs such as Proteus miriabilis or in cases of a vegetarian diet [18].

In patients with alkanuria an alkaline pH is reported, which occurs in the presence
of bacteria, urinary infection or diets rich in citrus or vegetables or the presence of
certain drugs. It is also the product of the presence of lithiasis due to calcium carbon-
ate, calcium phosphate and magnesium phosphate. However, the presence of acid
urine is identified with aciduria, the product of respiratory or metabolic acidosis.
When there is tubular acidosis, the urine is alkaline and the blood pH shows
acidity [19].

During the pregnancy motivated by the MFE, changes in the breathing of the
pregnant woman begin to appear from the eighth week, they begin with hyperven-
tilation and a slight dyspnea which increases gradually throughout the pregnancy
due to anatomical modifications by increasing the internal vertical diameters. and
circumference of the ribcage when the uterus increases in size and volume, which in
turn compresses the abdominal viscera against the diaphragm, thereby limiting its
mobility, thereby increasing intra-abdominal pressure, which has its impact at the of
lung volumes. This in turn causes the reduction of PCO2 to 30 mmHg by the action
of progesterone, while increasing PO2 to 107 mmHg. Serum bicarbonate decreases
to 20 mEq/L. By increasing renal excretion, it modifies the pH from 0.02 to 0.06 asa
metabolic compensation for respiratory alkalosis (4.5).
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All of this has as a consequence that the urine tends to become alkaline with a
Ph of 6.0 or more, which, together with the gravid changes that affect the urinary
system, will favor the appearance of UTI.

2.4 Hormonal study in a urine sample

Human chorionic gonatropin (HCG) is a protein synthesized by embryonic
tissues, made up of 2 amino acid chains called alpha and beta. Its secretion is related
to the growth of trophoblastic tissue during pregnancy, reaching its maximum levels
between weeks 3 and 9 of the same [20].

Its concentration varies substantially in serum and urine [20]. For this reason,
excretion in urine has allowed the development of pregnancy tests due to their levels
in urine to make a diagnosis of it in a simple way, which can be carried out by patients
without the need to go to a laboratory, but without specifying the conditions. Weeks
of gestation, which is done by evaluating the plasmatic levels of its beta fraction.

It is considered responsible for the nausea and vomiting of pregnancy. Its pres-
ence, in addition to allowing the diagnosis of normal pregnancy, allows the diagnosis
of ectopic pregnancy or gestational trophoblastic disease in any of its forms, which
in most cases can occur with hypertensive disorders of pregnancy when its levels
quadruple the values of the normal pregnancies. However, it can give false negatives
when performed between weeks 41 and 109 of pregnancy, due to the decrease in
trophoblastic tissue that produces it [20].

2.5 Presence of metabolites in urine

2.5.1 Ketone bodies

The presence of ketone bodies in urine during EMB may be related to the presence
of diabetes mellitus. It must be known if this diabetes was type I or IT and was
present before it or if it is gestational diabetes that develops during it from the 24th
week of pregnancy and which can disappear after it or the patient remains diabetic.
TypeII [21].

The MFE that leads to changes in energy distribution during pregnancy must
be taken into account [21]. At the beginning of EMB, there is an increase in insulin
sensitivity with a decrease in fasting plasma glucose levels and a slight decrease in
hepatic glucose production. At the end of the first trimester and during the second
trimester of gestation, insulin sensitivity decreases, finding its highest level in the
third trimester, with a 30% increase in hepatic glucose secretion and a 40-50%
decrease in glucose mediated by insulin, leading to decreased insulin sensitivity with a
predisposition to accelerated fasting ketosis and increased fasting maternal glycemia
and fatty acids [21].

Gestational diabetes is a common disorder that can affect pregnancy, capable of
causing maternal and fetal complications such as neural tube malformations that
include anencephaly, spina bifida, renal agenesis and hypoplasia, cardiac disorders
such as tetralogy of Fallot, atrioventricular septal defects., coarctation of the aorta,
ventricular septal defect, and musculoskeletal diseases and injuries such as agenesis
of the sacrum, cleft palate, and high risk of preeclampsia, preterm delivery, fetal mal-
formations, and cesarean sections due to the presence of fetal macrosomia [21-23].
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Diabetic ketoacidosis in gestational diabetes has an incidence of 0.3 to 5%, so it is
always necessary to rule out a history of type I and II diabetes, which are more easily
and severely complicated than in non-pregnant patients [24].

2.5.2 Proteinuria

A separate chapter is constituted by proteinuria in pregnancy, which is extremely
important for the diagnosis, evaluation, and prognosis of hypertensive disorders of
pregnancy, preeclampsia-eclampsia, and its complications. It occurs in 2 to 10% of
pregnancies [25] and is responsible for 26% of maternal deaths in Latin America and
9% in Africa and Asia.

Preeclampsia affects the endothelium systemically, proving a generalized endo-
theliosis that reaches all organs of the economy. In the kidney, at the level of the renal
glomerulus, it produces glomeruloendotheliosis, which is manifested by proteinuria
and oliguria that improves after fetal extraction [25].

It is necessary and important to know the classification of hypertensive disorders
of pregnancy:

1. Chronic arterial hypertension: that which occurs before 20 weeks of gestation. It
may or may not have been previously diagnosed [26].

2. Gestational hypertension: It occurs after the 20th week of gestation with the
absence of proteinuria and without biochemical or hematological alterations and
without repercussions on fetal growth [26].

3. White coat hypertension: It appears during the visit of the patients to be checked
by their doctor either in the hospital or clinic where it can reach 140/90 mmHg
and when they get home it returns to levels of 120/70 mmHg [26].

4.Transient gestational hypertension: Hypertension that appears from the 2nd
trimester of pregnancy, without proteinuria, which normalizes after several
repeated doses at rest without persistence in the puerperium [26].

5.Pre-Eclampsia: Hypertension diagnosed after 20 weeks of gestation accompanied
by proteinuria with or without renal damage, liver dysfunction, neurological
abnormalities, hemolysis, thrombocytopenia and fetal growth restriction [26].

It is necessary to consider the presence of renal disease prior to pregnancy, which
can cause proteinuria, for which it is necessary that it be present before the 20th week
of gestation [27]. Its appearance after week 20 may constitute one of the first signs of
the appearance of hypertensive disorders of pregnancy: preeclampsia [26].

For the diagnosis of proteinuria it is necessary to collect 24-hour urine with values
equal to or greater than 300 mg/day [26].

In the presence of proteinuria, it is necessary to rule out different nephropathies
ranging from chronic kidney disease in which a progression of kidney disease is
considered [28], diabetes mellitus, human immunodeficiency virus (HIV) infec-
tion or autoimmune diseases such as Lupus. systemic erythematosus [29]. For this
reason, any proteinuria greater than 300 mg/day needs to be evaluated and the
respective differential diagnoses made, especially in the presence of autoimmune
diseases.

126



Usefulness of Urine Tests in the Prevention, Diagnosis, Treatment and Prognosis of Pathologies...
DOI: http://dx.doi.org/10.5772/intechopen.109540

Since preeclampsia is a cause of maternal morbidity and mortality in many
countries [25], methods have been sought to simplify the diagnosis of proteinuria
in pregnancy. One of the simplest is using Robert’s reagent which produces protein
precipitation forming a clear halo in a test tube which contains a urine sample.
Densitometers have also been used to measure the increase in urinary density due to
the increase in the proteins present in them. Its biggest disadvantage is that it can pro-
duce false positives, in which case it is necessary to resort to other tests to verify
its results.

At present, test strips are used for a quick and simple diagnosis of proteinuria, easy
to handle and apply both by primary health personnel in a prenatal consultation, and
for use by the patient at home [30]. Although they can give results as false positives or
negatives, motivated by the fact that the presence of pathologies prior to pregnancy or
not must be known, it is useful in patients with blood pressures of 140/90 mmHg, for
monitoring at home, which allows go to a care center if they are positive [30].

Another method that has been used to diagnose proteinuria in hypertensive
disorders of pregnancy is the use of sulfosalicylic acid, looking for a fast, simple,
economical and reproducible method for health personnel at any level. This chemical
reagent is capable of producing protein precipitation through urine acidification. It
has a sensitivity of 41.1% and a specificity of 97.7% [27].

Gestational proteinuria has been described in the absence of hypertensive disor-
ders of pregnancy, which appears after 20 weeks of pregnancy. A careful evaluation
of the same is necessary [31] motivated by the fact that previous pathologies must be
ruled out, and take into account that it may be an early sign of preeclampsia [32].

Investigators have been looking for another method for the diagnosis of pre-
eclampsia through urinalysis, which is why the presence of podocytes in urine or
podocyturia has been described [33]. The podocyte is a cell that forms part of the
basal epithelium of the glomerulus which is affected by renal pathologies, but it was
thought that it was not altered in preeclampsia, but when the glomeruloendotheliosis
of preeclampsia develops, these are affected. For this reason, the study of podocy-
turia as a diagnostic method for preeclampsia has been proposed. However, it is also
present in cases of chronic arterial hypertension, diabetes mellitus and gestational
diabetes, lupus nephritis, and chronic membranous nephropathy [30, 33]. For its
study, synaptopodin is used as a marker, which is a protein that binds the actin of the
podocytes with the cytoskeleton of the cells [33, 34].

2.5.3 Other analyzable metabolites in urine samples

Another method used for the diagnosis, evolution and prognosis of hypertensive
disorders of pregnancy is the creatinine protein index. It is used as a simpler and
faster option to perform proteinuria in 24 hours. It has a sensitivity of 90% and a
specificity of 80% [35, 36].

Studies are underway to develop other methods for examining urine samples
and using nuclear magnetic resonance techniques to diagnose the presence of spe-
cific metabolites or biomarkers for diagnosis of preeclampsia, gestational diabetes,
preterm labor, and trisomy 21 [37].

With the appearance of the omics revolution, where through the analysis of
metabolites and proteins of DNA and RNA in order to carry out diagnoses and treat-
ments of different pathologies. These metabolomics search for low molecular weight
cellular compounds such as carbohydrates, amino acids, peptides, nucleic acids,
organic acids, vitamins, and lipids. They can be detected using nuclear magnetic
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resonance spectrometry methods in samples of blood, urine, amniotic fluid, tissue
secretions, and placental tissue. These data are evaluated through computer programs
where they are analyzed, studied to give their interpretation and use these data in
prevention, evolution, treatment and prognosis.

These studies can be carried out at the prenatal level, during the control itself, and
they can be carried out through a urine sample [38].

Diaz et al. [39] in urine samples from the 14th week of pregnancy, searched for
metabolic signatures using nuclear magnetic resonance metabolomin, which revealed
specific urinary metabolic signatures for malformations of the central nervous sys-
tem, trisomy 21, preterm delivery, diabetes pregnancy, intrauterine growth restriction
and preeclampsia, demonstrating the value of the urinalysis profile as a complemen-
tary method of diagnosis and early prediction of various disorders that occur during
pregnancy [39].

Cantowine et al. [40] found urinary concentrations of Bisphenaol A and
Phosphate, a metabolite which are man-made products for industrial use in a wide
variety of products ranging from the lining of canned food containers, water bottles
and pipes water supply, products that are released in an innocuous way to the general
population throughout the world, the general population being exposed to them.

It has been shown that BFA can affect the proliferative process of trophoblast cells
through an estrogen receptor with an effect of apoptosis of trophoblast cells through
tumor necrosis factors which act on the placenta and therefore on the development of
preeclampsia [40].

Taking into account that preeclampsia occurs more frequently in primiparous
women, the use of Fit-1 tyrosine kinase has been proposed, which constitutes a
promising biomarker for preeclampsia obtained from a urine sample. It is a growth
factor antagonist and vasoconstrictor and sensitizes the endothelium to respond to
stress and endothelial dysfunction. The study is performed with nuclear magnetic
resonance spectrophotometry. The Fit-1 measures moderate to severe placental
dysfunction, knowing that the development of preeclampsia occurs due to inad-
equate placentation with abnormal development of placental vessels at the time of
trophoblastic invasion, creating high-resistance vessels instead of low-resistance ones.
Resistance that occurs in normal pregnancies. For this reason, it is capable of measur-
ing the development of preeclampsia [41].

Other metabolites and biomarkers developed from a urine sample include
increased excretion of amino acids as a result of kidney damage from preeclampsia.
Choline increases in these patients while glycine decreases at the same time [42].

3. Conclusions

The physiological modifications of the pregnancy through its adaptive changes,
favor the development of the pregnancy, keep the expectant mother in balance to
achieve its completion with the best results. However, in turn they can contribute
to the appearance of pathologies caused by the lack of adaptation or poor adapta-
tion to it, such as hypertensive disorders of pregnancy, gestational diabetes, or UTI,
among others. In the effort to prevent, diagnose, treat and have an adequate progno-
sis, it is sought to be able to make simple and reliable diagnoses and the evaluation of
uranalysis is one of the simplest methods that we have. The sample is easy to obtain
and its analysis ranges from the use of reactive tapes to the diagnosis of glycosuria,
proteinuria or a UTI. Urinary sediment and Ph allow us complementary diagnoses
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that make us suspect other pathologies such as pyelonephritis, gallbladder and renal
lithiasis, facilitating their diagnosis. We must always clinically evaluate the patient
according to the signs and symptoms they present in order to make the most asser-
tive diagnosis possible. The presence of proteinuria should always make us suspect

a hypertensive disorder of pregnancy, although its absence does not thus rule it out
from the presence of renal pathologies or other systemic diseases present before
pregnancy. The development of new techniques for evaluating a urine sample are

the next stage in the diagnosis of pathologies through the metabolites excreted in the
urine, which include the diagnosis of chromosomopathies, for which the urine test in
pregnancy reaches every ever-greater importance.
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