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ABSTRACT

Medical Laboratory diagnosis begins with qualitative urine analysis using a random voided urine
for micro, sugar and albumin to diagnose symptoms associated with infection, diabetes and renal
failure. Quantitative analysis using blood is the method of choice and once autoanalyser
evolved, laboratories started using urine for quantitative analysis. Biochemistry plays a
significant role in the quantitative measurements of metabolites and its end products excreted in
urine to correlate their levels in blood. The other body fluid used for laboratory diagnostic
purpose are saliva and sweat. Saliva and urine based biochemical tests are emerging as latest
trends in laboratory diagnosis. The diagnostically useful tests using urine as specimen are TB-
LAM to confirm TB, Fibrinopeptide A for ovarian and Gastric Cancer and Apo A1,A2, E and al
antitrypsin for bladder cancer. This paper is an attempt to bring out the latest research findings in
the use of urine for quantitative measurement of various analytes and its clinical usefulness.
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INTRODUCTION

The worldwide dissemination of infectious agents have created a demand for simple diagnostic

tests. Urine-based testing makes use of non-invasive collection of specimens, and there is no
need for expensive facilities and equipment, or for highly trained personnel. As urine antibodies
retain activity under normal conditions of transport and storage, such tests appear to have
widespread application. Urine-based antibody tests have also indicated a compartmentalized
antibody response to HIV-1 infection. Quantitative urine analysis indicates that antibodies to the
products of endogenous viral genes may be involved in the pathogenesis of chronic diseases of
suspected viral etiology.'The conventional rapid detection method for AIDS is testing HIV-1
antibody in blood. Urine HIV-1 antibody testing is a new approach with great potential for
development, because of its safe, convenient and low cost.? Detection of antigen in urine also
could provide diagnostic information that could be useful in directing early therapeutic
intervention. The detection of antigen in urine by the monoclonal antibody-based dot-ELISA has
high potential for rapid, sensitive, and specific diagnosis of leptospirosis at a low cost.* Detection
of urinary anti-Rubella Virus (RV)IgG could be a useful test for screening previous RV
infection, and measurement of urinary anti-RV IgA/lIgG ratio might be useful for diagnosing
recent infection.” The assay for detection of amplified T cells vaginal is DNA in first-catch urine
which showed a sensitivity of 92.7%, a specificity of 88.6%, and an adjusted specificity of
95.2% compared to culture of urethral swabs or urine sediment. For clinical research settings in
which urethral swabs are not available and culture is not feasible, the urine-based PCR-ELISA
may be useful for detection of trichomonias in men.’

TB in HIV patients could be easily tested using Alere Determine TB-LAM rapid screening test
and this test is found to be better than finding out cluster of Differentiation 4 cells (CD-4) by
Flow-cytometer. However, to confirm it, sputum smear microscopy should be done.°When
patients CD-4 cell counts fall below 100 cells/uL, the TB-LAM test was found to be superior to
sputum microscopy. The TB-LAM test could reduce the diagnosis time to 3 weeks. Further
urinary LAM test will also predict the development of immune reconstitution diseases.’Effective
TB control in HIV-prevalent settings is hindered by lack of accurate, rapid TB screening tests.
The accuracy of a urine LAM test for TB diagnosis has been established in South Africa. The
urine LAM test detected a subset of HIV-infected patients with severe TB in whom sputum
smear microscopy had suboptimal sensitivity. The combination of urine LAM testing and

sputum smear microscopy is attractive for use in settings with high HIV burden.®The most
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commonly observed Western blot reactivity pattern in urine samples included bands against three
groups of HIV structural proteins such as envelop, polymerase and groups specific antigens. The
results indicate that urine could be used in screening for HIV antibodies in epidemiological
studies of high-prevalence populations, though it is not recommended for individualized
diagnostic purpose.’

Western Blot test for urine HIV-1 antibody shows a 98.73% sensitivity confirming that neither
serum nor urine results alone are sensitive for HIV-1 antibody detection compared to combined
results using both samples.™® Urine also is a valuable source of candidate cancer biomarkers. A
wide variety of pre analytical issues concerning patient selection and sample handling should be
considered since it could affect the quality of the results by introducing bias and artifacts.
Optimization of both the analytical strategies and the processing of bioinformatics data is also
essential to minimize the false-discovery rate. Peptidomics-based studies of urine and other body
fluids have yielded a number of biomolecules and peptide panels with potential for diagnosing
different types of cancer, especially of the ovary, prostate, and bladder. Large-scale studies are
needed to validate these molecules as cancer biomarkers.**

Cytologic analysis of voided urine, though attractive due to its noninvasive nature, has been
found to have neither the sensitivity, cost-effectiveness, nor the ease of administration necessary
to replacemore invasive diagnostics in the evaluation of microscopic hematuria.'? Urine cytology
is useful for the diagnosis of high-grade tumor recurrence. Molecular medicine holds the promise
that clinical outcomes will be improved by directing therapy towards the mechanisms and targets
associated with the growth of an individual patient's tumor. The challenge remains to optimize
measurement of these targets, evaluate the impact of such targets for therapeutic
drug development, and translate molecular markers into improved clinical management
of bladder cancer patients. Physicians and researchers eventually will have a robust set of
molecular markers to guide prevention, diagnosis, and treatment decisions for bladder cancer.™
Urine Fibrinopeptide A is a useful and highly specific marker for ovarian and bladder cancer,
and this has been confirmed in a study using a large number of patients suspected of having
such cancers.™ The levels of apolipoprotein A-1 (APOAL), apolipoprotein A-I1, heparin cofactor
2 precursor and peroxiredoxin-2 were analyzed by western blot method. APOAL, a principal
bladder cancer marker was further confirmed by ELISA technique.'®

Another study has confirmed that al-antitrypsin and apo-E were also found to be significantly
increased in bladder cancer patients.'® Increased levels of urinary Alpha-1-antitrypsin (ALAT)

glycoprotein were indicative of the presence of bladder cancer and correlate with augmented
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voided urine cytology results. ALAT detection classified bladder cancer patients with a
sensitivity of 74% and specificity of 80%.This strategy will enable higher resolution profiling of
the proteome in biological fluids by reducing complexity. Application of glycoprotein
enrichment will provide a novel candidate for further investigation as a biomarker for
noninvasive detection of bladder cancer.’

A multivariate urine-based assay can markedly improve the accuracy of non-invasive
Bianchoninic acid (BCa) detection. Further validation studies are under way to investigate the
clinical utility of this panel of biomarkers for BCa diagnosis and disease monitoring."*No
statistically significant differences were observed between the concentrations of A Disintegrin
and Metalloproteinase Domain 12 (ADAM 12) in the urine of breast cancer patients prior to
treatment and that of their age-matched controls; however the concentration of ADAM 12, both
alone and as a function of urine total protein, are significantly elevated following surgery.
Patients who underwent a mastectomy have significantly higher urinary ADAM 12
concentrations than those who underwent a lumpectomy. These findings suggest that urinary
ADAM 12 may not correlate directly with the status and stage of breast cancer as previously
thought; rather these increases may be a result of tissue injury and inflammation from biopsy and
surgical resection, suggesting a need for biomarkers to be evaluated carefully in the context of
tissue damage.’®A number of recent reports have demonstrated the utility of urine in the
identification of novel cancer biomarkers and also the improved performance of biomarkers
previously evaluated in serum. In a study, findings regarding the identification of specific urine
biomarkers for each disease are highlighted along with comparative analyses of urine and serum
biomarkers as diagnostic tools.”® In 78% of the samples with mono microbial infections, the
assay contained probes to detect the bacteria present in the urine specimens and 99% of these
uropathogens was correctly identified and this proof-of-concept approach demonstrates that the
assay can distinguish bacteriuria from no bacteriuria as well as detect the involved uropathogen
within 4 hours after sampling, allowing adequate therapy decisions within the same day as well
as drastically reducing consequent urine culturing.?*The use of paired serum and urine samples
provided higher sensitivities of antibody detection than either single specimen, and anti-GlcB
antibodies were present in the serum and/or urine in 90% of smear-positive patients with TB.
Although, with the current methods and antigens, the level of sensitivity is insufficient to design
a urinary antibody diagnostic test and may provide the foundation for further studies on the

development of a urine antibody-based immunoassay for TB.?
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Micro RNA and use of non-invasive laboratory test such as Cxbladder showed improved
sensitivity for the detection of urothelial carcinoma compared to the Nuclear Matrix Protein 22
assay. Stratification with Cxbladder provides a potential method to prioritize patients for the
management of waiting lists.® The expression levels of the micro RNA were significantly lower
in urine collected after surgery. MiR-183, miR-96 and miR-183 in wurine are
promising tumor markers for ulcerative colitis (UC). In particular, miR-96 may be a good
diagnostic marker in combination with urinary cytology.?*An improved antigen detection assay
based on L. infant umproteins present in the urine of patients with Visceral Leishmanias (VL)
may represent an important new strategy for the development of a specific and
accurate diagnostic test that has the potential to both distinguish active VL from asymptomatic
infection and serve as an important tool to monitor therapy efficacy.In many clinical settings,
the posterior probability of urinary tract infection given a negative dipstick is too high to exclude
it.  Within most clinically relevant ranges of true- and false-positive rates, a
negative urine dipstick test could exclude the diagnosis of urinary tract infection in patients with
high prior probabilities of contracting this infection. For lower prior probabilities, the clinical
efficacy of these rapid tests would best be determined by decision analysis, for which these
receiver-operating characteristic functions would serve as valuable analytical tools.*The
biomarker demonstrating the highest diagnostic performance was a protein of 8860 Da that
predicted Coronary Artery Diseases (CAD) with a sensitivity of 93% and a specificity of 65%.
Moreover, combination of these biomarkers in two multivariate analyses improved
the diagnostic potential of CAD. Relevance of these individual biomarkers and a decisional
algorithm constituted of 3 proteins was confirmed in an independent cohort of patients with
undetermined CAD status one year post-transplant.?’

Immunological markers are superior to cytological evaluation and image analysis for detecting
low grade transitional cell carcinoma but they have low specificity and sensitivity in grade 3
transitional cell carcinoma. Urine bound diagnostic tools cannot replace cystoscopy.?Several
urinary markers have higher but still insufficient sensitivity compared with cytology. Urinary
cytology or markers cannot safely replace cystoscopy in this setting. To identify an optimal
marker that could delay cystoscopy in the diagnosis of bladder cancer, large prospective and
standardized studies are needed.*Urinary amanitin analysis is a valuable diagnostic tool and may
significantly contribute to the management of suspected mushroom poisoning. At present, the
best diagnostic accuracy can be obtained taking advantage of both the high sensitivity and

negative predictive value of the clinical assessment performed by an experienced toxicologist,
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and the high specificity and positive predictive value that characterize urinary amanitin
analysis.*®With a multivariate approach and using the method of Partial Least Squares
Discriminant Analysis (PLS-DA). Extremely Low Birth Weight (ELBW) metabolic profiles
could be correlated with Urinary Neutrophil Gelatinase Lipocalin (UNGAL) concentration.
Conversely, uNGAL could not be correlated to Appropriate for Gestational Age (AGA),
suggesting the relevance of the metabolomic technique as a predictive tool for the metabolic
status of ELBW. This could be confirmed by the use of uNGAL as a biomarker which may
predict a subclinical pathological process in the kidney such as chronic kidney disease.*
Rapid diagnosis from sputum and/or urine samples was possible in >80% of patients in sub-
groups with poor prognosis as defined by either CD4 counts <100 cells/uL, in advanced
symptoms, CRP concentrations >200 mg/L or hemoglobin<8.0 g/dL. Urinary Kidney Injury
Marker (UKIM) may be a promising biomarker for early detection of Acute Kidney Injury with
considerable predictive value, especially for cardiac surgery patients, and its potential value
needs to be validated in large studies and across a broader scope of clinical settings.
Retrospective testing of urine samples with Determine TB-LAM assay correctly identified all
those with TB who died. The sensitivities of Xpert MTB/RIF and Determine TB-LAM for HIV-
associated TB were highest among HIV-infected patients with the most advanced disease and
poor prognostic characteristics. These observations provide strong justification for large-scale
intervention studies that assess the impact on survival of screening using these new sputum-
based and urine-based diagnostic approaches.*The appropriate treatment for Urinary Tract
Infection (UTI) has been controversial and has become more complex with the emergence of
resistance to commonly used antibiotics. The anatomic evaluation and long-term management of
a child after a UTI have been based on limited evidence, and newer studies question some of the
tenets of prior recommendations.*®
All urinary markers have a higher sensitivity as compared with cytology but they score lower in
specificity. Many soluble and cell based markers have been developed. Only two of the soluble
and cell based markers have obtained the Food and Drug Administration approval and some new
urine markers used have also been highlighted.**Trovagene has prioritized the development of
the Braf Gene (BRAF) assay to address the clinical need to monitor patient response to therapies.
BRAF mutations are prevalent in many different cancers. Trovagene'scf-BRAF mutation assay is
being validated across a range of solid tumors, confirming that urine-based mutation detection is
applicable across many cancer types.*Clinical validation of Trovagene's ultra-sensitive assay
_procedure has been confirmed for the detection of BRAF mutation from cell-free (cf) DNA in
www.ajphr.com
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urine. The cf-BRAF test will be available as a laboratory developed test (LDT) this quarter, and
offered through the company's Clinical Laboratory Improvement Amendment Lab (CLIA).The
ability to detect and quantify oncogenic mutations in the urine of cancer patients represents a
significant step towards better patient monitoring,” said Mark Erlander, Ph.D., chief scientific
officer for Trovagene. "The analytic performance levels required to achieve this are made
possible through the large sample volumes available from urine, combined with state-of-the-art
digital PCR and sequencing platforms".*

Bladder Cancer (BC) is a common cancer but diagnostic modalities, such as cystoscopy and
urinary cytology have limitations. High-performance Liquid Chromatography-Quadrupole Time-
of-Flight Mass Spectrometry (HPLC-QTOFMS) was used to profile urine metabolites in patients
with BC and control subjects. Multivariate statistical analysis revealed that the cancer group
could be clearly distinguished from the control groups on the basis of their metabolomic profiles,
even when the hematuric control group was included. Patients with muscle-invasive BC could
also be distinguished from patients with non-muscle-invasive BC on the basis of their
metabolomic profiles. Successive analysis identified 12 differential metabolites that contributed
to the distinction between the BC and control groups, and many of them turned out to be
involved in glycolysis and beta oxidation. The association of these metabolites with cancer was
corroborated by microarray results showing that carnitine transferase and pyruvate
dehydrogenase complex expressions are significantly altered in cancer groups. In terms of
clinical applicability, the differentiation model diagnosed BC with a sensitivity and specificity of
91.3% and 92.5%, respectively, and comparable results were obtained by receiver operating
characteristic analysis. Multivariate regression also suggested that the metabolomic profile
correlates with cancer-specific survival time. The excellent performance and simplicity of this
metabolomics-based approach suggests that it has the potential to augment or even replace the

current modalities for BC diagnosis.’
CONCLUSION

This review article has highlighted the various research findings during the last two decades
using urine for identification and quantitative measurement of various analytes. Random voided
urine is an excellent specimen of choice for the detection of HIV-antibody, screening for TB,
Cytology for high grade tumors, apolipoprotiens, kidney injury markers, bladder cancer markers
and many other biomarkers. As specimen used is non-invasive, urine screening tests for special

markers will be very useful and will serve as good as serum markers for a wide range of
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diagnostic purposes. The contents of this review article will certainly help the research

community to establish reliable methods for urine based screening and quantitative biomarkers

for routine use in clinical laboratories.
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