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A Diagnosis from Urine

From: The evolution of urine analysis; an historical sketch of the clinical examination of urine.  Wellcome, Henry S. Sir, 

1853-1936. London, Burroughs Wellcome [1911]



Learning Objectives

• Participants will be able to:  

– Recognize the evolution of modern Good Laboratory 

Practices in the history of uroscopy and other POCT.  

– Demonstrate the evolution of infectious-disease POCT 

from the first rapid Strep to current molecular tests.

– Explain the characteristics of the ideal point-of-care 

infectious-disease test.  

– Explain how Campbell’s Laws impact the 

implementation of emerging point-of-care platforms.  

– Anticipate changes in patterns of health care and 

laboratory practice driven by technological change, 

including in POCT.  



Petrus, his students and 

an attendant with a flask 

of urine, c. 1500

From Fasciculus Medicinae, Venice, 

C. Arrivabenus, 1522

Harvard Art Museums/Fogg

Museum, Gray Collection of 

Engravings Fund, G5121.2



Ancient POCT: Urine 

Examination (Uroscopy)

From: The evolution of urine analysis; an historical sketch of the clinical examination of urine.  Wellcome, Henry S. Sir, 

1853-1936. London, Burroughs Wellcome [1911]



Uroscopy in the Ancient World

• A Sumerian 

Syllibarium

(dictionary) c. 4000 

BC lists body parts, 

and alludes to changes 

in color and 

constitution of urine 

observed by 

physicians.  



Some Sanskrit diagnoses:

– Iksumeha, cane-sugar juice urine.

– Ksuermeha, potash urine.

– Sonitameha, urine containing blood.

– Pistameha, floury-white urine.  

• When the patient passes this type of urine the hair on 

the body becomes erect, and the urine looks as though 

mixed with flour.  Urination is painful.  

– Hastimeha, elephant urine.

• “The patient continuously passes turbid urine like a mad 

elephant.”

– Madhumeha, honey urine.

• Trains of long black ants are attracted by the urine.  



Hippocrates on Urine 

Analysis

Emphasized the importance of 

examining the urine with all five 

senses.  

Thank goodness for technology.  



Advances in Urine Analysis

• Theophilus (610-641 AD) 

employed heat to further the 

analysis of urine; arguably the 

first analytic technique in 

medicine.

• Alsahavarius (c. 1085) noted the 

effect of certain foods on the 

color of the urine, and cautioned 

physicians against being fooled 

by intentional ingestions.  

• Actuarius (d. 1283) 

recommended the use of a 

graduated glass for measuring 

sediments.  



Specimen Guidelines

Ismail of Jurjani (c. end of 11
th

century), a 

Persian physician

Includes container specifications, time of 

collection, storage conditions, and patient 

instructions.  

Goes on to provide detailed 

recommendations for examination of urine.  



Comprehensive QA for 

Uroscopy

Gilles de Corbeil, early 12
th

Century

Poem written in dactylic hexameter, 

which I dare anyone here to write a 

scientific publication in today.  



Fletcher, 1541

• Advocated the use of the 

mixed urine passed during 

the entire day rather than 

a single sample.  

– “Take the whole urine and 

not the part such as is made 

at one time, but mingle not 

the urines made at severall

times, but keep them 

severall both for quantity, 

color, and contents”

• Not quite a modern 

timed collection, but 

trending that way.



Robert Recorde, 1548

Provided another detailed set of 

procedures for urine examination, 

including:  

When to examine each aspect of 

the urine; color and consistency 

while still warm, sediments and 

contents after cooling.  

The exact nature of the viewing 

container (the urine-glass), and 

graduation of the container into 

segments, each used for a 

separate observation, e.g. the 

segment above the ring being 

used for the bubbles.  



Historical Attempts to Comply 

with CLIA

• The urine-glass disc 

was used as a 

colorimetric 

standard (the first 

ones known date 

from 1400 or 

before) in urine 

diagnosis.  

published in 1506 by Ullrich Pinder, in his book Epiphanie Medicorum, from http://blogs.scientificamerican.com/oscillator/2012/10/18/the-urine-wheel/



From 

http://www.theaquavitaproject.com

/project.php#

A Modern Translation



Paracelsus (1493-1541) 

and Analytical Uroscopy



Van Helmont (1578-

1644): Measurement

Measured the comparative weight –

what we’d identify as the specific 

gravity – of urine in various 

conditions.  



Further Advances

• In 1620, De Peiresc described rhomboidal crystals 

in urine; later shown to be uric acid.  

• Thomas Willis (1674) distilled urine and described 

the components derived; also described the 

sweetness of urine in diabetes mellitus. 

• Lorenzo Bellini (1643-1704) evaporated urine and 

concluded that urine was composed of ‘water, salt, 

and tasteless earth’.  

• Boerhave (1668-1738) directly measured specific 

gravity; also discovered urea.  

• Urea more completely described in 1771 by Rouelle

the Younger.  



Matthew Dobson (1772) and 

Diabetes

• Evaporated diabetic 

urine to dryness;

discovered that the 

residue was 

indistinguishable from 

common sugar by 

taste, smell, or 

chemical treatments.  



Further Analysis of Urine

• Tests for sugar, 

bile, and 

albumin were 

developed 

during the 

1800s, and their 

use in diagnosis 

of disease 

developed.  

• Use of the 

microscope in 

examination of 

urine sediment 

also developed 

in 1800s.  



Creatures in the Urine



History of Uroscopy – Lessons

• Like us, the ancient 

uroscopists:  

– Paid attention to pre-

analytical, analytical, and 

post-analytical 

components of testing.  

– Attempted to standardize 

procedures and practices

– Attempted to train, and 

assess and ensure 

competency

– Attempted to improve 

the practice of their craft 

What has been will be again, what has been done will 

be done again; there is nothing new under the sun. 

Ecclesiastes 1:9



An Image of Uroscopy

17
th

Century print by Isaac Sarabat, 

from the NLM History of Medicine 

collection.  



Infectious Disease at POC

• To diagnose phthisis, Soranus

instructed the physician to: 

– “place the phlegm over hot coals and 

note the odor when it has burned; 

the foul odor always characterizes 

the product of physical 

decomposition, as would be the case 

if the sputa came from a dissolution 

of flesh.” 

• In addition, he instructed the 

physician to place the sputa in water. 

– “Normal sputa are readily dissolved 

but those which are diseased remain 

coagulated and undissolved and sink 

to the bottom, for they are heavy 

and are the morbid product for a 

dissolution of the flesh”

• These analytic techniques presage our 

modern microbiologic and molecular 

analysis of expectorated sputum in 

the diagnosis of M. 

tuberculosis infection.

Soranus of Ephesus in the second 

century A.D., provided a masterful 

description of ‘phthisis’ 

(tuberculosis):

There is a latent fever which 

generally begins towards the end of 

the day and is relieved with the 

coming of the new day…

Karamanou M, Androutsos G. The 

masterful description of pulmonary 

tuberculosis by Soranus of Ephesus 

(c. 98-138 A.D.). Am J Respir Crit

Care Med. 2012 Sep 15;186(6):571. 



The Modern Era of 

POCT:  

Rapid Antigen Tests

•In the infectious disease world, the 

first antigen tests for POC use were 

rapid strep latex tests.  

•A major advance over existing 

methods.  

•Required a simple extraction 

followed by latex agglutination on 

a glass slide.  

Gerber, M. A., L. J. Spadaccini, L. L. 

Wright, and L. Deutsch. 1984. Latex 

agglutination tests for rapid 

identification of group A 

streptococci directly from throat 

swabs. J. Pediatr. 105:702-705.



Evolution of Rapid Tests

• Methodology

– Flow-through cartridge EIA succeeded latex.  

– And was succeeded by lateral-flow tests.  

• Regulation:  CLIA

• Analytes (waived)

– Antibody Tests:  Helicobacter pylori, Hepatitis 

C, HIV 1&2, EBV, Lyme, RSV

– Antigen Tests:  Adenovirus, Influenza A&B, 

RSV, group A Strep, Trichomonas.  



Limits of Antigen Testing

Convenience sample of recent literature just before 2009 H1N1 influenza; selected by Medline search + fit to single page



A Breakthrough in Testing!

• Credit: Wellcome

Library, London

• A physician 

examining a urine 

specimen in which 

a faint figure of a 

baby is visible, a 

female patient is 

crying and being 

shouted at by her 

angry mother, 

indicating that she 

is pregnant.

• Watercolour by 

I.T., 1826.



Molecular Testing for Influenza (and 

other pathogens…)

• Real-time methods can provide result in 

~1h or so.  

• Molecular methods as a class exceed 

culture in sensitivity (probably due to viral 

loss in transport)

• Detection properties do vary from system 

to system.

• Moderately to very expensive equipment

• Now clearly the ‘gold standard’  



Where We Stood in Late 2019

• Molecular testing for influenza and other 

respiratory viruses was standard-of-care.  

• Automated readers for antigen tests 

improved performance somewhat, but not 

to the level of molecular tests.  

– Antigen tests were on the way out?  

‘The Coming Storm’, Albert Bierstadt, Public domain, via Wikimedia Commons



FDA-approved Waived 

Molecular Influenza Tests

• Cepheid Xpert Flu Assay

• FilmArray Respiratory Panel 

• Roche LIAT Influenza A/B Assay

• Alere i Influenza A/B

• All have relatively simple workflows, 15-60 

minutes to result.  

• Molecular was on the way to pushing out 

antigen tests…



And Then Came COVID-19



And Then Came COVID-19



Plenty of Molecular POC



Plenty of Molecular POC



But Antigen Isn’t Dead Yet

• Numerous FDA-

approved 

antigen tests for 

‘waived’ use.  

• And several 

approved for 

home use.  



Even at Home…

Amazon search for COVID test

Available, not cheap.  







So, Where Are We?  

• Molecular POCT for respiratory viruses is 

well established and 

• How this sorts out post-pandemic remains 

to be seen.  



The Environment…



Hot Off The Presses 



What to think about as POCC

• All the usual QC and QA, plus:  

• Interferences

– Extraction efficiency

– Inhibition by:

• Blood

• DNA

– Internal amplification / extraction controls

• Contamination

– Extraordinarily sensitive methods

– Specimen cross-contamination

• Native material transferred from a positive to a negative specimen

• Collection devices

• Ports, racks, hands

– Amplicon contamination

• From amplified material

• How well is the product contained?  

• Waste disposal

– Carry-over studies



Tenier’s Quack Doctor



Where are we going?

• I’ve thought about this a lot.  

• Derived Campbell’s Laws of POCT

• Two Laws, with inpatient and outpatient 

corollaries

– Feedback encouraged.  



Campbell’s First Law of POCT

• Nobody ever went into Nursing because 

they wanted to do lab tests.  

– I can’t document this with a literature citation, 

but it has high face-validity.  

– Anecdotally, our nurses/docs have hated 

glucose monitoring (still done but loathed), ER 

troponins (tried, failed), and rapid HIV (tried, 

failed).  



Campbell’s Second Law of POCT

• No POC test is easier than checking one 

more box on the laboratory order form. 

– Waived tests are easy, but much, much harder 

than checking one more box on a form you 

already filled out.  

– A lot of simple, rapid tests end up being done 

in the lab.  



Campbell’s Laws Example:  Primary 

Care HIV Testing 

• June 8, 2010:  Provider A: “Sheldon, has rapid testing been considered to 

prevent this problem? Would this be feasible? Might allow us to expand 

testing to highest yield sites (i.e. the ER)…”

• July-October 2010:  Set up program, created templated progress notes, 

ordered kits, trained 20+ Primary Care providers to do rapid HIV tests.

• October 2010-January 2011:  Number of rapid HIV tests performed:  1

• January 2011:  Provider B:  “Even though I am one of the biggest 

proponents, I have only done one, and that was for another provider 

who didn’t know how to do it. I don’t see people clamoring to do the 

test. I’m interested in Provider A’s thoughts.”

• Response, Provider A:  “We have had very little use in <our clinic>. I 

think that it’s so easy to send the pt for bloodwork that there is not much 

demand.”

• January 7, 2011, POCC: “Next week I will be coming around to the 

Primary Care areas to collect the HIV kits. Please have them easily 

accessible. Thank you and have a pleasant weekend.”



Campbell’s Laws: Inpatient

Corollaries

• An inpatient POC test is useful only if:

– The time for transport to the lab for THAT 

SINGLE ANALYTE significantly and negatively 

impacts care, OR

– The test is performed on an easily-obtained 

sample (e.g. fingerstick blood) more frequently 

than routine blood draws are obtained.  



Campbell’s Laws:  Outpatient 

Corollaries

• An outpatient POC test is useful only if:  

– The test result is available during the patient 

visit AND a decision can be made or action 

taken on the basis of it without waiting for 

other lab results, OR

– If you can make money doing it.  



Campbell’s Outreach / Developing-

World Corollaries 

• Sometime’s there’s no lab-order form.  

• Sometimes there’s no nurse.  

• Sometimes there’s no refrigeration, power, 

or lights.

• Campbell’s Laws should not be applied 

outside of a healthcare environment where 

the basic terms apply.  



Recommendation

• “Point-of-care testing, especially those analyses that are 

conducted at the patient’s bedside, in a physician’s office, 

or in a clinic, is a growing trend in health care, and clinical 

microbiology professionals should prepare for this future 

reality. Clinical microbiologists must ensure that the 

individuals who perform point-of-care testing understand 

how to interpret the results. Clinical microbiologists should 

be called upon to help select the assay targets, advise on 

test formats, and participate in clinical trials.”

• From “Clinical Microbiology in the 21
st

Century:  Keeping 

the Pace”.  American Academy of Microbiology, 2008.  

Available on-line at:

http://www.asm.org/academy/index.asp?bid=58445



A Doctor Examining Urine,

Trophime Bigot, 1679-1750



The Future, Perhaps





$17.1 million Longitude prize for 

POCT for bacterial infections



$17.1 million Longitude prize for 

POCT for bacterial infections
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