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Preface

As will be apparent to the readers, the fourth edition of Urinalysis and Body Fluids has been
substantially revised and enhanced. However, the objective of the text—to provide con-
cise, comprehensive, and carefully structured instruction in the analysis of nonblood body
fluids—remains the same.

This fourth edition has been redesigned to meet the changes occurring in both laboratory
medicine and instructional methodology.

To meet the expanding technical information required by students in laboratory medicine,
additional chapters have been added and previous chapters expanded. Chapter 1 is devoted to
overall laboratory safety and the precautions relating to urine and body fluid analysis. Chapter
7 addresses quality assurance and management in the urinalysis laboratory. Preanalytical, ana-
lytical, and postanalytical factors, procedure manuals, current regulatory issues, and methods
for continuous quality improvement are stressed. In Chapter 8 the most frequently encoun-
tered diseases of glomerular, tubular, interstitial, and vascular origin are related to their associ-
ated laboratory tests. To accommodate advances in laboratory testing of seminal, synovial,
serous, and amniotic fluids, individual chapters have been added for each of these fluids. Ap-
pendix A provides coverage of the ever-increasing variety of automated instrumentation avail-
able to the urinalysis laboratory.

This fourth edition has been redesigned to include not only color, but also a larger variety
of instructional aids. In response to the reader’s suggestions, the number of color slides has
been significantly increased and they have been included within the text to increase user-
friendliness. The text has been extensively supplemented with tables, summaries, and proce-
dure boxes and many figures are now in full color. The multiple-choice format of study ques-
tions at the end of each chapter has been revised to require students to consider more in-depth
responses. Case studies in the traditional format and clinical situations relating to technical
considerations are included at the end of the chapters. Answers to the study questions, case
studies, and clinical situations are also included at the end of the book. Highlighted terms and
abbreviations in the text are included in the glossary and abbreviations appendices. Additional
support is provided to adopting instructors in the form of accompanying test-generating
software.

We have given consideration to the suggestions of our previous readers and believe these
valuable suggestions have enabled us to produce a text to meet the needs of all users.

SUSAN KING STRASINGER

MARJORIE SCHAUB DI LORENZO

R

vii



13044FM.PGS 7/11/02 4:22 PM Page viii $



13044FM. PGS

7/11/02 4:22 PM Page ix $

Acknowledgements

Many people deserve credit for the help and encouragement they have provided us in the
preparation of this fourth edition. Our continued appreciation is also extended to all of
the people who have been instrumental in the preparation of previous editions.

The color illustrations would not have been possible without the expertise of Sherman
Bonomelli, M.S. from the University of West Florida.

New color plates of urine sediment constituents were very skillfully photographed by Bo
Wang, M.D. from the Creighton University School of Medicine. Persons assisting in collection
of sediments include: Ulrike Otten, M.T.(A.S.C.P.)SC, Darlene Waters, M.T.(A.S.C.P.),
Karen Keller, M.T.(A.S.C.P.)SH, Valerie Henry, M. T.(A.S.C.P.), and Katherine Swanson,
M.T.(A.S.C.P.)SC from the University of Nebraska Medical Center.

Laboratory personnel in Omaha were extremely helpful in providing us with procedures,
forms, and information. We extend our thanks to Linda Fell, M.S., M.T.(A.S.C.P.)SH and
Carol Larson, M.S., M.T.(A.S.C.P.) from the University of Nebraska Medical Center, Julie
Richards, M.P.A.,, M.T.(A.S.C.P.)BB from Methodist Hospital, and Patricia Studts,
M.T.(A.S.C.P.)NRCC-TC and Susan Wilwerding, M.T.(A.S.C.P.) from St. Joseph Hospital.

We would like to thank Michael Di Lorenzo for using his computer skills to provide the
basis for many of the color tables, charts, and procedure boxes.

The valuable suggestions from previous readers and the support from our colleagues at The
University of West Florida, Northern Virginia Community College, The University of Ne-
braska Medical Center, Methodist Hospital, and St. Joseph Hospital have been a great asset to
us in production of this new edition. We thank each and every one of you.

Al



13044FM.PGS 7/11/02 4:22 PM Page X



13044FM. PGS

7/11/02 4:22 PM Page xi

Reviewers

Ellen P. Digan, MA, MT(ASCP)

Professor of Biology

Coordinator of Medical Laboratory
Technology Program

Manchester Community Tech College

Department of Math, Science, and Health
Careers

Manchester, Connecticut

Cynthia A. Martine, MEd, MT(ASCP)

Assistant Professor

Department of Clinical Laboratory
Sciences

University of Texas Medical Branch

School of Allied Health

Galveston, Texas

DA

Xi



13044FM.PGS 7/11/02 4:22 PM Page xii $



13044FM. PGS

7/11/02 4:22 PM Page xiii

Contents

CHAPTER 1
Safety in the Clinical Laboratory

Learning Objectives, 1
Key Terms, 1
Biological Hazards, 2
PERSONAL PROTECTIVE EQUIPMENT, 3
HANDWASHING, 5
BIOLOGICAL WASTE, 5
Sharp Hazards, 5
Chemical Hazards, 5
CHEMICAL SPILLS, 5
CHEMICAL HANDLING, 5
CHEMICAL HYGIENE PLAN, 5
CHEMICAL LABELING, 6
MATERIAL DATA SAFETY SHEETS, 6
Radioactive Hazards, 6
Electrical Hazards, 7
Fire/Explosive Hazards, 7
Physical Hazards, 8
References, 8
Study Questions, 8

CHAPTER 2
Renal Function

Learning Objectives, 9
Key Terms, 9
Renal Physiology, 10
RENAL BLOOD FLOW, 10
GLOMERULAR FILTRATION, 11
TUBULAR REABSORPTION, 12
TUBULAR SECRETION, 14
Renal Function Tests, 15
Glomerular Filtration Tests, 15
CLEARANCE TESTS, 15
CALCULATIONS, 16
CLINICAL SIGNIFICANCE, 17
Tubular Reabsorption Tests, 17
OSMOLARITY, 18
FREEZING POINT OSMOMETERS, 18
VAPOR PRESSURE OSMOMETERS, 19
TECHNICAL FACTORS, 19
CLINICAL SIGNIFICANCE, 19
FREE WATER CLEARANCE, 19
Tubular Secretion And Renal Blood Flow
Tests, 20
PAH TEST, 20
TITRATABLE ACIDITY AND URINARY AMMONIA, 20
References, 20
Study Questions, 21
Case Studies/Clinical Situations, 22

CHAPTER 3
Introduction to Urinalysis

Learning Objectives, 23
Key Terms, 23
History And Importance, 24
Urine Formation, 25
Urine Composition, 25
Urine Volume, 25
Specimen Collection, 27
Specimen Handling, 27
SPECIMEN INTEGRITY, 27
SPECIMEN PRESERVATION, 28
Types of Specimens, 28
RANDOM SPECIMEN, 28
FIRST MORNING SPECIMEN, 29
FASTING SPECIMEN (SECOND MORNING), 29
2-HOUR POSTPRANDIAL SPECIMEN, 29
GLUCOSE TOLERANCE SPECIMEN, 29
24-HOUR (OR TIMED) SPECIMEN, 29
CATHETERIZED SPECIMEN, 30
MIDSTREAM CLEAN-CATCH SPECIMEN, 30
SUPRAPUBIC ASPIRATION, 30
THREE GLASS COLLECTION, 30
PEDIATRIC SPECIMEN, 30
DRUG SPECIMEN COLLECTION 30
References, 31
Study Questions, 31
Case Studies/Clinical Situations, 32

CHAPTER 4
Physical Examination of Urine

Learning Objectives, 33

Key Terms, 33

Color, 34
NORMAL URINE COLOR, 34
ABNORMAL URINE COLOR, 34
DARK YELLOW/AMBER/ORANGE, 34
RED/PINK/BROWN, 34
BROWN/BLACK, 36
BLUE/GREEN, 36

Clarity, 36
NORMAL CLARITY, 36
NONPATHOLOGIC TURBIDITY, 37
PATHOLOGIC TURBIDITY, 37

Specific Gravity, 37
URINOMETER, 38
REFRACTOMETER, 38

HARMONIC OSCILLATION DENSITOMETRY, 40

CLINICAL CORRELATIONS, 40
Odor, 41
References, 41

o

N

xiii



13044FM.PGS 7/11/02 4:22 PM Page xiv $

Xiv Contents

Study Questions, 41 Specific Gravity, 62
Case Studies/Clinical Situations, 42 REAGENT STRIP REACTION, 63
REACTION INTERFERENCE, 63
References, 63

CHAPTER 5 Study Questions, 64
Chemical Examination Of Urine Case Studies/Clinical Situations, 65
Learning Objectives, 43
Key Terms, 44 CHAPTER 6
Reagent Strips, 44 Microscopic Examination of
REAGENT STRIP TECHNIQUE, 44 the Urine

HANDLING AND STORAGE OF REAGENT STRIPS, 45

QUALITY CONTROL OF REAGENT STRIPS, 45 Learning Objectives, 67
pH, 46 Key Terms, 68

Macroscopic Screening, 68
Preparation And Examination Of the
Urine Sediment, 68
COMMERCIAL SYSTEMS, 68
SPECIMEN PREPARATION, 69
SPECIMEN VOLUME, 69
CENTRIFUGATION, 69
SEDIMENT PREPARATION, 69
VOLUME OF SEDIMENT EXAMINED, 69
EXAMINATION OF THE SEDIMENT, 69
REPORTING THE MICROSCOPIC EXAMINATION, 70
CORRELATION OF RESULTS, 70
Sediment Examination
Techniques, 70
Sediment Stains, 70
LIPID STAINS, 71
GRAM STAIN, 71
HANSEL STAIN, 72
PRUSSIAN BLUE STAIN, 72

CLINICAL SIGNIFICANCE, 46
REAGENT STRIP REACTIONS, 47
Protein, 47
CLINICAL SIGNIFICANCE, 47
Prerenal Proteinuria, 47
BENCE JONES PROTEIN, 47
Renal Proteinuria, 48
ORTHOSTATIC (POSTURAL) PROTEINURIA, 48
MICROALBUMINURIA, 48
Postrenal Proteinuria, 49
Reagent Strip Reactions, 49
REACTION INTERFERENCE, 49
SULFOSALICYLIC ACID PRECIPITATION TEST, 49
Glucose, 50
CLINICAL SIGNIFICANCE, 50
REAGENT STRIP (GLUCOSE OXIDASE) REACTIONS, 51
REACTION INTERFERENCE, 51
COPPER REDUCTION TEST, 51
COMPARISON OF GLUCOSE OXIDASE AND

CLINITEST, 52 Cytodiagnostic Urine Testing, 73
Ketones, 52 Microscopy, 73
CLINICAL SIGNIFICANCE, 53 THE MICROSCOPE, 73
REAGENT STRIP REACTIONS, 53 BRIGHT-FIELD MICROSCOPY, 75
REACTION INTERFERENCE, 53 PHASE-CONTRAST MICROSCOPY, 75
Blood, 54 POLARIZING MICROSCOPY, 76
CLINICAL SIGNIFICANCE, 54 INTERFERENCE-CONTRAST MICROSCOPY, 76
HEMATURIA, 54 Sediment Constituents, 77
HEMOGLOBINURIA, 54 RED BLOOD CELLS, 77
MYOBLOBINURIA, 55 WHITE BLOOD CELLS, 78
HEMOGLOBINURIA VERSUS MYOGLOBINURIA, 55 EOSINOPHILS, 79
REAGENT STRIP REACTIONS, 55 MONONUCLEAR CELLS, 79
REACTION INTERFERENCE, 55 EPITHELIAL CELLS, 80
Bilirubin, 56 SQUAMOUS EPITHELIAL CELLS, 80
PRODUCTION OF BILIRUBIN, 56 TRANSITIONAL EPITHELIAL (UROTHELIAL) CELLS, 81
CLINICAL SIGNIFICANCE, 56 RENAL TUBULAR EPITHELIAL CELLS, 82
REAGENT STRIP (DIAZO) REACTIONS, 57 OVAL FAT BODIES, 83
REACTION INTERFERENCE, 57 BACTERIA, 84
Urobilinogen, 58 YEAST, 85
CLINICAL SIGNIFICANCE, 58 PARASITES, 85
REAGENT STRIP REACTIONS AND INTERFERENCE, 58 SPERMATOZOA, 85
REACTION INTERFERENCE, 58 MUCUS, 86
EHRLICH'S TUBE, 59 CASTS, 86
WATSON-SCHWARTZ DIFFERENTIATION TEST, 60 CAST COMPOSITION AND FORMATION, 86
HOESCH SCREENING TEST FOR HYALINE CASTS, 87
PORPHOBILINOGEN, 60 RED BLOOD CELL CASTS, 88
Nitrite, 60 WHITE BLOOD CELL CASTS, 89
CLINICAL SIGNIFICANCE, 60 BACTERIAL CASTS, 89
REAGENT STRIP REACTIONS, 61 EPITHELIAL CELL CASTS, 90
REACTION INTERFERENCE, 61 FATTY CASTS, 90
Leukocyte Esterase, 62 MIXED CELLULAR CASTS, 90
CLINICAL SIGNIFICANCE, 62 GRANULAR CASTS, 91
REAGENT STRIP REACTION, 62 WAXY CASTS, 92
REACTION INTERFERENCE, 62 BROAD CASTS, 93



13044FM. PGS

7/11/02 4:22 PM Page XV

Urinary Crystals, 93

CRYSTAL FORMATION, 94

GENERAL IDENTIFICATION TECHNIQUES, 94
Normal Crystals Seen In Acidic Urine, 95
Normal Crystals Seen In Alkaline

Urine, 97
Abnormal Urine Crystals, 98

CYSTINE CRYSTALS, 98

CHOLESTEROL CRYSTALS, 99

RADIOGRAPHIC DYE CRYSTALS, 99

CRYSTALS ASSOCIATED WITH LIVER
DISORDERS, 100

SULFONAMIDE CRYSTALS, 101
AMPICILLIN CRYSTALS, 101
Urinary Sediment Artifacts, 101
References, 103
Study Questions, 104
Case Studies/Clinical Situations, 105

CHAPTER 7
Quality Assurance and
Management in the Urinalysis
Laboratory

Learning Objectives, 109
Key Terms, 109
Urinalysis Procedure Manual, 110
Preanalytical Factors, 110
SPECIMEN COLLECTION AND HANDLING, 110
Analytical Factors, 111
REAGENTS, 111
INSTRUMENTATION AND EQUIPMENT, 111
TESTING PROCEDURE, 111
QUALITY CONTROL, 115
PERSONNEL AND FACILITIES, 116
Postanalytical Factors, 116
REPORTING OF RESULTS, 116
INTERPRETATION OF RESULTS, 117
Regulatory Issues, 117
Continuous Quality Improvement, 118
References, 121
Study Questions, 121
Case Studies/Clinical Situations, 122

CHAPTER 8
Renal Diseases

Learning Objectives, 123

Key Terms, 123

Glomerular Disorders, 124
GLOMERULONEPHRITIS, 124

ACUTE POSTSTREPTOCOCCAL
GLOMERULONEPHRITIS, 124

RAPIDLY PROGRESSIVE (CRESCENTIC)
GLOMERULONEPHRITIS, 124

GOODPASTURE'S SYNDROME, 124
VASCULITIS, 125

IMMUNOGLOBIN A NEPHROPATHY, 125
MEMBRANOUS GLOMERULONEPHRITIS, 125

MEMBRANOPROLIFERATIVE
GLOMERULONEPHRITIS, 125

CHRONIC GLOMERULONEPHRITIS, 125
NEPHROTIC SYNDROME, 125

MINIMAL CHANGE DISEASE, 126

FOCAL SEGMENTAL GLOMERULOSCLEROSIS, 126

—p—

Contents

Tubular Disorders, 126
ACUTE TUBULAR NECROSIS, 126

HEREDITARY AND METABLIC TUBULAR
DISORDERS, 126

Interstitial Disorders, 127
ACUTE PYELONEPHRITIS, 128
CHRONIC PYELONEPHRITIS, 129
ACUTE INTERSTITIAL NEPHRITIS, 129
Vascular Disorders, 130
Renal Failure, 130
Renal Lithiasis, 130
References, 131
Case Studies/Clinical Situations, 131

CHAPTER 9
Urine Screening for Metabolic
Disorders

Learning Objectives, 135
Key Terms, 136
Overflow Versus Renal Disorders, 136
Amino Acid Disorders, 137
Phenylalanine-Tyrosine Disorders, 137
PHENYLKETONURIA, 137
TYROSYLURIA, 138
ALKAPTONURIA, 138
MELANURIA, 139
Branched Chain Amino Acid
Disorders, 139
MAPLE SYRUP URINE DISEASE, 139
ORGANIC ACIDEMIAS, 140
Tryptophan Disorders, 140
INDICANURIA, 140
5-HYDROXYINDOLEACETIC ACID, 141
Cystine Disorders, 141
CYSTINURIA, 141
CYSTINOSIS, 142
HOMOCYSTINURIA, 142
Porphyrin Disorders, 142
Mucopolysaccharide Disorders, 143
Purine Disorders, 144
Carbohydrate Disorders, 144
References, 145
Study Questions, 146
Case Studies/Clinical Situations, 147

CHAPTER 10
Cerebrospinal Fluid

Learning Objectives, 149
Key Terms, 150
Formation and Physiology, 150
Specimen Collection and Handling, 150
Appearance, 150
Traumatic Collection, 152
UNEVEN DISTRIBUTION OF BLOOD, 152
CLOT FORMATION, 152
XANTHROCHROMIC SUPERNATANT, 152
Cell Count, 152
METHODOLOGY, 152
TOTAL CELL COUNT, 153
WHITE BLOOD CELL COUNT, 153
CORRECTIONS FOR CONTAMINATION, 153

QUALITY CONTROL OF CEREBROSPINAL FLUID AND
OTHER BODY FLUID CELL COUNTS, 153

o

XV



13044FM.PGS 7/11/02 4:22 PM Page xvi $

XVi Contents
Differential Count on a Cerebrospinal Serologic Tests, 186
Fluid Specimen, 154 References, 186
CYTOCENTRIFUGATION, 154 Study Questions, 186
CEREBROSPINAL FLUID CELLULAR Case Studies/Clinical Situations, 186

CONSTITUENTS, 154
Chemistry Tests, 159
Cerebrospinal Protein, 160

CLINICAL SIGNIFICANCE OF ELEVATED PROTEIN CHAPTER 13
VALUES, 160 Serous Fluid
METHODOLOGY, 161 Learning Objectives, 189
PROTEIN FACTORS, 161 Key Terms, 189
ELECTROPHORESIS, 161 Formation. 190
MYELIN BASIC PROTEIN, 162 : ’ . .

: .y Specimen Collection and Handling, 190
Cerebrospinal Fluid Glucose, 162 Tfansudates and Exudates. 190 J
Cerebrospinal Fluid Lactate, 162 General Laboratory Procedures, 191
Cerebrospinal Fluid Glutamine, 162 Pleural Fluid. 191
Cerebrospinal Fluid Enzymes, 162 APPEARANCE. 191

Microbiology Tests, 163

; . HEMATOLOGY TESTS, 192
Serologic Testing, 164

CHEMISTRY TESTS, 193

Teaching Cerebrospinal Fluid MICROBIOLOGIC AND SEROLOGIC TESTS, 195
Analysis, 165 Pericardial Fluid, 195

References, 166 APPEARANCE, 195

Study Questions, 166 LABORATORY TESTS, 195

Case Studies/Clinical Situations, 167 Peritoneal Fluid, 196

TRANSUDATES VERSUS EXUDATES, 196
APPEARANCE, 196

CHAPTER 11 LABORATORY TESTS, 196
Semen References, 198
Learning Objectives, 169 Study Questions, 198

Key Terms, 169 Case Studies/Clinical Situations, 198

Physiology, 170
Specimen Collection, 170
Special Handling, 170 CHAPTER 14

Semen Analysis, 170 Amniotic Fluid
APPEARANCE, 171 ; h
Learning Objectives, 201

VOLUME, 171
VISCOSITY, 171 Key Terms, 201
PH, 171 Physiology, 202

SPERM CONCENTRATION/COUNT, 171 Specimen Collection, 203 .
SPERM MOTILITY. 172 Specimen Handling and Processing, 203
SPERM MORPHOLOGY, 173 Color and Appearance, 203
Additional Testing, 174 Tests for Fetal Distress, 203
SPERM VIABILITY. 174 HEMOLYTIC DISEASE OF THE NEWBORN, 203
SEMINAL FLUID FRUCTOSE, 174 NEURAL TUBE DEFECTS, 204
ANTISPERM ANTIBODIES. 174 Tests for Fetal Maturity, 205
MICROBIAL AND CHEMICAL TESTING, 175 FETAL LUNG MATURITY, 205
POSTVASECTOMY SEMEN ANALYSIS, 176 LECITHIN-SPHINGOMYELIN RATIO, 205
SPERM FUNCTION TESTS, 176 AMNIOSTAT-FLM, 205

SEMEN ANALYSIS QUALITY CONTROL, 176 FOAM STABILITY, 205
References, 176 MICROVISCOSITY, 206

Study Questions, 177 LAMELLAR BODIES AND OPTICAL DENSITY, 206

Case Studies/Clinical Situations, 177 References, 206
Study Questions, 207

Case Studies/Clinical Situations, 207
CHAPTER 12

Synovial Fluid
Learning Objectives, 179 CHAPTER 15
Physiology, 180 Learning Objectives, 209
Specimen Collection and Handling, 180 Key Terms,209
Appearance and Viscosity, 181 Physiology, 210
Cell Counts, 181 Specimen Collection, 210
Differential Count, 182 Macroscopic Screening, 211
Crystal Identification, 182 COLOR, 211
Chemistry Tests, 185 APPEARANCE, 211
Microbiologic Tests, 186 Microscopic Examination of Feces, 212

o



13044FM.PGS 7/11/02 4:22 PM Page xvii

FECAL LEUKOCYTES, 212
MUSCLE FIBERS, 212
QUALITATIVE FECAL FATS, 212
Chemical Testing Of Feces, 213
OCCULT BLOOD, 213
QUANTITATIVE FECAL FAT TESTING, 214
APT TEST (FECAL HEMOGLOBIN), 214
FECAL ENZYMES, 214
CARBOHYDRATES, 215
References, 215
Study Questions, 216
Case Studies/Clinical Situations, 216

—p—

Contents

APPENDIX A
Urinalysis Automation, 219

Automated Microscopy, 222
Additional Information Sources, 226

Answer Keys

Answers to Study Questions, 227
Answers to Case Studies/ Clinical
Situations, 236

Abbreviations, 243
Glossary, 245
Index, 251

XVii



13044FM.PGS 7/11/02 4:22 PM Page xviii $



