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PREFACE

This book is designed to provide the reader with a review
of the basic laboratory procedures which are useful in routine
urinalysis. It presents the methodology and the purpose of
selected basic tests. It also provides expected values, and
discusses the clinical significance of abnormal results.

The intent is to provide condensed technical information
on urinalysis procedures, as well as give the reader a compre-
hensive view of the extent to which routine urinalysis and
supplemental procedures can supply clinically valuable infor-
mation about the health status of the patient.

This revised edition updates information based on advances
In routine urinalysis since this book was originally published.
Recent advances in technology have resulted in the improve-
ment of existing urine testing products, the introduction of new
tests, and the introduction of automated and semi-automated
instrumentation to the field of urinalysis testing.
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ICTOTEST are registered trademarks of Miles Inc.
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Photomicrograph credits to: Rachel Lehman, BS,
MT {ASCP), Laboratory of Arthur Siegelman, and
Wake Forest University, Bowman Gray School of
Medicine, 1982.
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HISTORY

Medical history books are full of fascinating information
about the study of urine. It has been known for centuries that
abnormalities in urine may indicate disease. Perhaps one of the
earliest known records of a urine test was the technique of poutr-
ing urine on the ground and observing whether or not it attracted
insects. The attraction of insects indicated '"honey urine" which
was known to be excreted by people with boils. Today, check-
ing for sugar in urine is a test to detect diabetes. (And untreated
diabetics still suffer {from boils.)

In ancient times, before the existence of any alphabet, it was
common to use symbols to denote important known elements
of nature. The symbol shown in Figure 1isan ancient sign used
to denote urine.

Figure 1. Ancient symbol denoting ‘yrine’" as one of the elements
of nature.

Around 1000 A.D., a Persian physician named Ismail of
Jurjani described seven different observations made on urine:
quantity, consistency, color, odor, transparency, sediment, and
froth. During the Middle Ages, the great painters typically show-
ed physicians peering into a round-bottomed flask (called a
matula) of urine. This practice became a common tool of quacks
and charlatans, who came to be known as '‘Pisse Prophets."
They not only pretended to diagnose disease by visual examina-
tion of urine, but they also claimed to see into the future.

Table I lists some of the milestones by various investigators
who studied urine with physical and chemical tests.



Table 1.

MILESTONES IN THE
DEVELOPMENT OF URINALYSIS

Ancient Times

"Honey"" Urine

400 BC. - Hippocrates
Color/Odor Changes
Fever

1000 A.D. - Ismail of Jurjani

Seven Observations in
Urine Study

Middle Ages
Uroscopists/''Pisse
Prophets"

Visual Observation
Health, Disease, Future

1609—Scribonius
Black Urine -
Alcaptonuria

1673—Dekkers
Boiling/Acetic Acid
Protein

1674—Willis

Sweet Taste

Diabetes

1674—Boerhaave

Specific Gravity
Dehydration

1776—Dobson
_Sweet Taste/Diabetes
Sugar

1787 —Marabelli
Nitric Acid
Bilirubin

_ 1790—Home
_ Yeast Fermentation

Sugar

17%0—Cruikshank
_ Nitric Acid
Protein

. 18l10—Wollaston
~ Chemical Tests
Kidney Stone Composition

1827 —Bright
_ Heatand Acd
Protein/Renal Disease

_ 1841-Trommer
_Alkaline Copper Reduction

Sugar

~ 1911-Benedict
Alkaline Copper Reduction
Sugar
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Components of the genitourinary tract are shown in Figure
2. Normally there are two kidneys, two ureters, one bladder and
one urethra.

Figure 2. Normal Male Genitourinary System
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Anatomy Of The Kidney

The gross anatomy of the kidney is shown in Figure 3. The
functional unit of the kidney is the nephron (Figure 4). There are
approximately one million nephrons in each kidney.

Figure 3. Kidney
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Figure 4. Nephron
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Each nephron consists of a glomerulus, which is essentially
afiltering system, and a tubule, through which the filtered liquid
passes. As liquid moves through the tubule, various changes
occur. Certain constituents are reabsorbed by the cells lining
the tubule, and other substances are secreted into the lumen for
eventual excretion. On the average, nearly all of the water that
passes through the glomeruli, is reabsorbed by the tubules.

Each glomerulus consists of a network of capillaries sur-
rounded by a membrane {Bowman's capsulej which continues
on to form Bowman's space and the beginning of the renal tubule.
The afferent arteriole carries blood from the renal artery into the
glomerulus. The afferent arteriole then divides to form a
capillary network. These capillaries reunite to form the efferent
arteriole, through which blood leaves the glomerulus. The blood
vessels thus follow the course of the tubule, forming a surround-
ing capillary network.

The tubular portion of each nephron has several distinct
structural and functional segments. The uppermost portion, con-
tinuous with the glomerulus, is the proximal convoluted tubule,
followed by the thin-walled segment and the distal convoluted
tubule respectively. The descending limb of the proximal tubule
(the thin-walled segment] and the distal tubule form a loop
known as the loop of Henle.

The distal convoluted tubules from several nephrons drain
into a collecting tubule. A number of these coalesce to form the
collecting duct. The collecting ducts then join together to form
the papillary ducts. The latter empty at the tips of the papillae
into the calyces which in turn drain into the renal pelvis. Urine
passes from the pelvis of the kidney down the ureter and into
the bladder, where it remains until voided.

Formation Of Urine

The kidney is a highly diseriminating organ which main-
tains the internal environment by selectively excreting or
retaining various substances according to specific body needs.
Approximately 1,200 mL of blood flow through the kidneys each
minute. This represents about one-fourth of the total blood
volume. The blood enters the glomerulus of each nephron by
passing through the afferent arteriole into the glomerular
capillaries.



The capillary walls in the glomerulus are highly permeable
to water and the low molecular-weight components of the
plasma. They filter through the capillary walls and the closely
adhering membrane of Bowman's capsule into Bowman's space.
From here the plasma ultrafiltrate passes into the tubule where
reabsorption of some substances, secretion of others, and the
concentration of urine occur.

Many components of the plasma filtrate, such as glucose,
water, and amino acids, are partially or completely reabsorbed
by the capillaries surrounding the proximal tubules. In the distal
tubules, more water is absorbed and potassium and hydrogen
ions are secreted. The loop of Henle and the system of collect-
ing tubules are the principal sites where the urine is concen-
trated as a mechanism for conserving body water (Figure 5).

Figure 5. Formation of Urine
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COLLECTION OF URINE

In order for urinalysis to be meaningful, the urine must be
properly collected. Improper collection may invalidate the
results of the laboratory procedures no matter how carefully and
skillfully the tests are performed.

Containers

There are many types of containers used for collecting urine,
But regardless of type, they must be capable of being cleaned
and thoroughly dried before specimens are collected. Without
these initial safeguards, test results will be less meaningful, if
not meaningless.

This requirement for scrupulously clean urine containers
creates significant costs for hospitals where hundreds of urine
samples are collected every day. Because of this, disposable
specimen containers are gradually replacing traditional glass
bottles. Disposable containers of plastic or coated paper are
available in many sizes and are provided with lids to reduce
bacterial and other types of contamination. Special pliable
polyethylene bags are available for collection of urine from in-
fants and children who are not toilet trained.

URINTEK disposable collection system (Figure 6) is
available for use in collecting, storing, transporting, and testing
specimens of urine. The system consists of a flat-bottom paper
collection cup, a plastic 15 mL tube with a plastic snap-cap and
self-adhesive identification label. Disposable tube holders are
available for handling ten tubes at a time. The patient voids
directly into the paper cup, transfers the specimen to the
URIN-TEK tube, and covers it with the plastic cap to prevent
contamination or spillage. After the label is filled out and at-
tached, the specimen is ready to be transported and analyzed.
Specific gravity can be run directly in the URIN-TEK tube if a
colorimetric strip or a urinometer is used. By using the conve-
nient reagent strips, many chemical tests can be performed
directly in the URIN-TEK tube, making additional laboratory
glassware unnecessary. This procedure also decreases the risk
of identification errors because transferring and relabeling of
the specimens is not necessary.

Large, wide-mouthed plastic or glass containers with screw-
cap tops are used for cumulative collection of urine over a long
period of time. These bottles should be kept refrigerated.



Figure 6. Urin-Tek® System

When urine is to be cultured for bacterial content, the
specimen must be obtained under aseptic conditions (as dis-
cussed later in this chapter) and collected in a sterile glass con-
tainer or a sterile plastic disposable container. In either case, the
receptacle should be equipped with a tight-fitting, sterile cap.
This cap is left in position until the actual time of urine collection,
and replaced immediately afterward.

Methods Of Obtaining Specimens

A freshly voided urine specimen is adequate for most
urinalysis except the microbiological culture. The patient should
be instructed to void directly into a clean, dry container, or a
clean, dry bedpan so the specimen can be transferred to an ap-
propriate container. Specimens from infants and young children
can be collected in a disposable collection apparatus. This
apparatus consists of a plastic bag with an adhesive backing
around the opening which is used to fasten it to the child so that
he voids directly into the bag. All specimens should be
immediately covered and taken to the laboratory. If a urine
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specimen is likely to be contaminated with vaginal discharge
or menstrual blood, then a clean-voided specimen must be
obtained using the same procedures described below for collect-
ing specimens for microbiological culture.

Method Of Obtaining A Clean-Voided Specimen

The procedure most commonly used for obtaining urine
suitable for microbiological examination is to collect a clean-
voided midstream specimen. Bladder catheterization and per-
cutaneous suprapubic aspiration of the bladder may be used,
but only in very rare and unusual circumstances. Collection of
a clean-voided specimen is the method of choice unless specific
contraindications exist. To avoid contamination of the specimen
by organisms in areas adjacent to the urethral meatus, these
areas must be cleansed thoroughly before the patient voids. To
avoid contamination by organisms normally found in the distal
urethra, the initial stream of voided urine which clears these
organisms from the urethra is discarded and the subsequent
midstream urine is collected.

A satisfactory technique for the female consists of spreading
the labia and cleansing the area with three gauze sponges
moistened with cleansing solution. The washing is accomplished
by making a single front-to-back motion with each of the sponges
in sequence. One is used to cleanse the area on one side of the
meatus, the next used for the other side, and the third directly
across the meatus. One dry sponge is then used with a single
front-to-back motion to dry the area. While the labia are still held
apart, a small amount of urine is passed into the toilet or bed-
pan to be discarded. Then a midstream specimen is collected
in the sterilized container which is immediately closed with its
sterilized cover.

A comparable technique is used for males. By retracting the
foreskin of the penis, the glans, and particularly the area sur-
rounding the meatus, can be cleansed with three sponges
moistened with cleansing solution. The area is then wiped off
with a dry sponge. With the foreskin still retracted, a small
amount of urine is passed into the toilet or bedpan to be dis-
carded. From the subsequent midstream urine a specimen is
collected in the sterilized container.

For infants and children who have not been toilet-trained,

a sterilized disposable collection apparatus can be used to obtain
specimens after the perineal region has been suitably cleansed.



Type Of Specimen

The concentration of urine varies throughout a 24-hour
period depending partly on the patient's water intake and partly
on his activities (Table II).

Table II.

COLLECTION OF URINE
FIRST MORNING SPECIMEN

[J Most concentrated
] Bladder incubated

Best for:
U] Nitrite

L] Protein Note: Formed elements may
0 Microscopic lyse or disir_mtggrate }f QH is high
and/or specific gravity is low

examination

RANDOM SPECIMEN

Ll Most convenient UJ Most common
Good for:
{1 Chemical screen L Microscopic examination

SECOND-VOIDED SPECIMEN

The first morning specimen is discarded.
The second specimen is collected and tested.

U Reflection of blood glucose O Formed elements intact

POSTPRANDIAL
[ Good for glucose LI Collected after a meal

2-HOUR VOLUME
U Good for urobilinogen

24-HOUR VOLUME
{J Necessary for true quantitative results
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Various solutes may appear in greater or lesser amounts at
various times of the day—glycosuria appears more often after
meals, proteinuria may occur following activity or assumption
of the orthostatic (upright) position, and hemoglobinuria may
follow severe exertion. The number of bacteria in the urine of
a patient with a urinary tract infection varies greatly throughout
the day. In general, a more concentrated urine specimen is
preferred for testing rather than a dilute specimen. Therefore,
the first-voided morning urine, which is the most concentrated,
is best for routine analysis. Often it is not practical to obtain the
first morning specimen, and in such cases a randomly voided
specimen of lesser concentration is usually obtained. Therefore,
the effect of the concentration of a sample, as measured by the
specific gravity, should be considered in the interpretation of
the results.

Routine tests and any other tests performed on a random
sample of urine are qualitative in nature. At best, only the
concentration of a substance in the specimen tested can be
measured, but never the total amount being excreted, unless the
urine is collected over a precisely measured period of time. For
example, two random specimens are tested for proteinuria. One
may show a heavy concentration of protein and the other only
a slight amount. If the first specimen is a very concentrated
sample and the second a very dilute sample, the actual total
amount of protein may be greater in the second. A 24-hour
specimen may provide a more representative sample if greater
quantitation is necessary.

Precautions If Urine Is Not Examined Within One Hour

When urinalysis is delayed for more than one hour after the
specimen is collected, special precautions must be taken. This
is necessary to avoid alteration of the urinary constituents caused
by the deterioration of chemical and cellular elements, or the
multiplication of bacteria which may be present in the urine.
Bacterial muitiplication regularly occurs in urine specimens that
remain at room temperature for several hours. Bacteria may
utilize any glucose in the urine, and the urea-splitting organisms
convert urea to ammonia, producing an alkaline urine. In ad-
dition, casts decompose in an alkaline and/or hypotonic urine
and red blood cells may be lysed. Marked changes in pH may
also affect other cellular components.



Refrigeration at 5° C is often the only precaution needed
to preserve the urine for routine analysis. However, chemical
preservatives may be necessary when specimens cannot be
refrigerated, as when a patient transports a specimen from home
to office or laboratory, or when the specimen is sent in by mail.
Preservatives should always be used cautiously, however, since
a preservative suitable for some test procedures may interfere
with others.

Preservative tablets such as Stabilur (Cargille Laboratories,
Cedar Grove, NJ) are more convenient to use than formalin or
thymol crystals. However, none of the preservative materials
will prevent the destruction of bilirubin, urobilinogen or occult
blood. These preservatives prevent the growth of bacteria and
the resultant loss of glucose. However, the prevention of
bacterial growth and the simultaneous prevention of bacterial
metabolism of glucose (or ketone bodies) is just as effectively
performed by refrigeration.

There is no substitute for the use of fresh urine in routine
urinalysis. If it is at all possible, urine should be examined within
one hour after voiding. If this cannot be done, then refrigera-
tion is the preferred storage condition. Refrigeration should be
immediate and should effectively cool the urine promptly.
Effective refrigeration does not occur if a dozen warm specimens
are placed in a refrigerator full of newly-received reagents which
are still at room temperature.

Most preservatives do not react with reagent strips for
urinalysis. However, preservatives added to small amounts of
urine will increase the specific gravity and may have minor
effects on pH. They may also slightly inhibit the leukocyte
esterase reaction.

In summary, for best results, fresh urine should be tested.
If preservation is needed, refrigeration is preferred.



ROUTINE URINALYSIS

Urinalysis is routine for many patients seen in the physi-
cian's office or medical clinic, and for every physical examina-
tion. The testing is usually repeated annually or as frequently
as the physician deems necessary. It is one of the most useful
procedures available to the physician as an indicator of health
or disease, especially in the areas of metabolic and renal
disorders.

Urinalysis is frequently run on the patient's urine at the time
of hospital admission and is often repeated to evaluate health
status "while the patient is hospitalized. The major observations
and determinations in routine urinalysis are listed in Table III.

Table III.

OBSERVATIONS
AND DETERMINATIONS IN
ROUTINE URINALYSIS

VISUAL EXAMINATION

L Color [ Appearance
U Volume
CHEMICAL EXAMINATION

O pH O Specific Gravity
U Protein U Blood
U Glucose U Ketones
Ll Bilirubin UJ Urobilinogen
O Nitrite [J Leukocyte Esterase

MICROSCOPIC EXAMINATION
U Casts U Epithelial Cells
LI RBCs ] WBCs
U Crystals U Yeast
U] Bacteria [J Other Organisms



Ames multiple reagent strips allow the specific gravity of
urine to be measured chemically on a strip, rather than by the
conventional methods.

Standard Procedure

Most testing is done on a random specimen of urine, freshly
voided by the patient. The specimen is collected in a clean, dry
container and examined within one hour to avoid changes or
deterioration in the urine. If the specimen is to be kept for more
than one hour before the analysis, it should be refrigerated
at 5° C.

In the laboratory, the first procedure is to note the physical
characteristics of the urine. The second is to run a series of
chemical tests. And the third is to examine the sediment under
the microscope.

The remainder of the urine specimen should be saved until
all procedures are completed so that any of the tests may be
repeated, or other special tests can be performed, if necessary.

Chemical Tests

Chemically-impregnated reagent strips are available for
rapid determination of urine specific gravity, pH, protein,
glucose, ketones, bilirubin, blood, nitrite, leukocyte esterase,
urobilinogen, and ascorbic acid. These strips are used in basic
urinalysis and have virtually replaced older, more cumbersome
methods. In addition, other reagent strips, chemical tablets,
selectively-treated slides, and simplified culture tests are
available for special determinations. Standardized results can
be achieved by processing the reacted reagent strips with special
instrumentation, such as one of the CLINITEK instruments.

Microscopic Examination

The examination of centrifuged sediment under the micro-
scope is performed to detect those elements, particularly cells,
which do not give chemical reactions. In some circumstances,
microscopic examination can also serve as a confirmatory test.
It is not a standardized determination, and the actual number
of cells counted should be interpreted with caution.

Detailed descriptions of all of the procedures outlined in the
routine urinalysis described above are presented in the follow-
ing chapters.
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