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General Introduction  
The fluids in our  bodies are composed of water and dissolved substances, 

including electrolytes, which are crucial for body function. 

 

 Movement of Fluids Through the Body 

We ingest water and electrolytes through the gastrointestinal or GI tract. 

1. Absorption. These fluids are absorbed into the plasma in the intestine. 

2. Circulation. The fluids circulate within the plasma, bathing the cells in 

the body. 

3. Excretion. The kidneys remove excess ions and water from the body 

through the urine, although water is also lost at other sites, which will be 

described later. 

 Water function 

• Water helps maintain body temperature. When water vaporizes off the 

skin, it takes large quantities of heat with it. This process cools the body 

temperature down. 

• Water acts as a protective cushion in amniotic fluid and cerebrospinal 

fluid. 

• Water acts as a lubricant in the serous fluids, joints, and gastrointestinal 

tract. 

• Water is the reactant for hydrolysis reactions that occur in the body. 

• Water acts as a solvent to dissolve molecules and ions in the body. 

• We are now looking at a blood vessel. Because of water's ability to 

dissolve ions and molecules within the body fluids, water functions as a 

medium for the delivery of nutrients and the removal of wastes from the 

cells through the plasma. 

 

 Percentage of Water in the Body 

• The percentage of water in a person depends on the amount of fat tissue, 

which is only about 20% water, compared to lean body mass or muscle 

mass which is about 65% water. 

• Newborns have the highest percentage of water in their bodies. 

• A healthy young man who is muscular and does not have a lot of fat in 

his body is about 60% water. 

• A healthy young woman naturally has more fat and less muscle than a 

man and is about 50% water. 

• The more fat a person has in his or her body, the less water is present. 

• Older people tend to have less lean body mass and therefore contain less 

water. 
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 Fluid Compartments 

• Water, along with its dissolved solutes, occupies two main compartments 

within the body. 

 

• Body fluid has been divided into two compartments   

1. Intracellular fluid  (ICF) 

Inside the cells (cytosol) 

55% of total body water 

2. Extracellular fluid  

Outside the cells 

45% of total body water 

• Extracellular fluid includes  

1. Interstitial fluid  

Present between the cells  

Approximately 80% of ECF 

2. Plasma  

Present in blood  

Approximately 20% of ECF 

3. Also includes  

Lymph                                

synovial fluid  

aqueous humor  

cerebrospinal fluid 

tears swat 

serous fluids 

cerebrospinal fluid  

others 
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Urinary system 
 

 Urinary system 

 The kidneys are retroperitoneal organs (i.e. located behind the peritoneum) 

situated on the posterior wall of the abdomen on each side of the vertebral 

column, at about the level of the twelfth rib.  

 The left kidney is lightly higher in the abdomen than the right, due to the 

presence of the liver pushing the right kidney down. 

 The kidneys take their blood supply directly from the aorta via the renal 

arteries; blood is returned to the inferior vena cava via the renal veins.  

 Urine (the filtered product containing waste materials and water) excreted 

from the kidneys passes down the fibromuscular ureters and collects in the 

bladder. The bladder muscle (the detrusor muscle) is capable of distending to 

accept urine without increasing the pressure inside; this means that large 

volumes can be collected (700-1000ml) without high-pressure damage to the 

renal system occurring. 

 When urine is passed, the urethral sphincter at the base of the bladder 

relaxes, the detrusor contracts, and urine is voided via the urethra.  
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 Function of the urinary system 

 
1. Regulation of blood volume: The kidneys conserve or eliminate water from 

the blood, which regulates the volume of blood in the body. 

 

2. Regulation of the pH of the blood: The kidneys excrete H+ ions into urine. 

At the same time, the kidneys also conserve bicarbonate ions (HCO3
-), which 

are an important buffer of H+.  

 

3. Synthesis of Vitamin D: The kidneys (as well as the skin and the liver) 

synthesize calciferol - which is the active form of vitamin D.  

  

 
4. Regulation of the ionic composition of blood: The kidneys also regulate 

the quantities in the blood of the ions (charged particles) of several important 

substances. Important examples of the ions whose quantities in the blood are 

regulated by the kidneys include sodium ions (Na+), potassium ions (K+), 

calcium ions (Ca2+), chloride ions (CL-), and phosphate ions (HPO4
2-).  

 
5. Production of Red blood cells: The kidneys contribute to the production of 

red blood cells by releasing the hormone erythropoietin - which stimulates 

erythropoiesis (the production of red blood cells).  

 
6. Excretion of waste products and foreign substances: The kidneys help to 

excrete waste products and foreign substance from the body by forming 

urine (for release from the body). 

 
Examples of waste products from metabolic reactions within the body 

include ammonia (from the breakdown of amino acids), bilirubin (from the 

breakdown of hemoglobin), and creatinine (from the breakdown of creatine 

phosphate in muscle fibers). Examples of foreign substances that may also 

be excreted in urine include pharmaceutical drugs and environmental toxins.  

 

7. Regulation of blood pressure: Regulation of blood pressure: 

The kidneys regulate blood pressure in 2 ways, by:-  

 Adjusting the volume of blood in the body (by regulating the quantity of 

water in the blood)  

 Via the action of the enzyme renin.  

A sustained fall in blood pressure causes the kidney to release renin. This is 

converted to angiotensin in the circulation.  

 

 

http://www.ivy-rose.co.uk/References/category_index.php?id=39
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• Angiotensin then raises blood pressure directly by: 
– Arteriolar constriction and stimulates adrenal gland to produce 

aldosterone which promotes sodium and water retention by kidney, 

such that blood volume and blood pressure increase. 

– Stimulates sodium transport (reabsorption) at several renal tubular 

sites, thereby increasing sodium and water retention by the body 

– Acts on the adrenal cortex to release aldosterone, which in turn acts 

on the kidneys to increase sodium and fluid retention 

– Stimulates the release of vasopressin (antidiuretic hormone, ADH) 

from the posterior pituitary, which increases fluid retention by the 

kidneys 

– Stimulates thirst centers within the brain 
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 Role of Aldosterone: 

Low Blood Pressure 

(Hypotension)                    Adrenal gland                   Aldosterone hormone 

                  

                                                                                           

                                                                             Increase Na+ reabsorption 

        Increase water retention 

                                                            Increase blood pressure 

 

 

 Role of Antidiuretic Hormone (ADH). 

ADH regulates water reabsorption in the distal tubule. 

 

                                 
 

 

Increased Plasma Osmolality  

   (Plasma Concentration) 

   

 

Posterior pituitary 

 

                                      

 

 Urine:  
Urine, a very complex fluid, is composed of 95% water and 5% solids .It is the 

end product of the metabolism carried out by billions of cells and results in an 

average urinary out put of 1-1.5 L per day. 
Urine consists of thousands of dissolved substances although the three principle 

constituents are water, urea, and sodium chloride, considerable variations in 

the concentrations of these substances can occur due to several factors. 

Urine may also contain formed elements such as cells, casts, crystals, mucus 

and bacteria. Almost all substances found in urine are also finding in the blood 

although in different concentration. 

 

Increased Water reabsorption 

Decreased water excretion 

Distal tubules 

ADH 

Feedback mechanism  

Plasma dilution, decreased plasma Osmolality        

Plasma 
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 Urine formation 
Three processes occurring in successive portions of the nephron accomplish the 

function of urine formation:  

Filtration of water and dissolved substances out of the blood in the glomeruli 

and into Bowman's capsule. 
Reabsorption of water and dissolved substances out of the kidney tubules back 

into the blood; this process prevents substances needed by the body from being 

lost in the urine. 
Secretion of hydrogen ions (H+), potassium ions (K+), ammonia (NH3), and 

certain drugs out of the blood and into the kidney tubules, where they are 

eventually eliminated in the urine.  
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Lab 1 
Urinalysis sample collection and physical examination   

 
 Objectives 
At the end of this lab the student should be able to 

 Instruct a patient in the correct procedure for collecting a timed urine 

specimen and a midstream clean-catch specimen. 

 Describe methods to preserve urine sample 

 Describe changes take place in un preserved specimen 

 Know when urine sample must be rejected. 

 The type of specimen needed for optimal results when a specific urinalysis 

procedure is requested. 

 List the common terminology used to report normal physical properties of 

urine. 

 Discuss the significance of any abnormality in the physical characterstics 

of urine 

 State the clinical significance of urine clarity. 

 List the common terminology used to report clarity. 

 Define specific gravity, and tell why this measurement can be significant 

in the routine analysis. 

 Describe the principles of the urinometer, method for determining specific 

gravity. 

 

Specimen Collection 
 Sample containers 
 The specimen must be collected in a clean dry, disposable a wide 

mouth container, flat bottom to prevent overturning and properly applied 

screw top lids. 

 They should be made of a clear material to allow for determination of 

color and clarity.  

 The recommended capacity of the container is 50 mL, which allows 12 

mL of specimen needed for microscopic analysis, additional specimen for 

repeat analysis, and enough room for the specimen to be mixed by 

swirling the container. 

 Individually packaged sterile containers with secure closures should be 

used for microbiologic urine studies. Sterile containers are also suggested 

if more than 2 hours elapse between specimen collection and analysis. 
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 The container must be properly labeled with the patient name, date, and 

time of collection. The labels should be applied to the container and not to 

the lid. 

 

 The specimen must be delivered to the laboratory prompt and tested 

within1hr, specimen must be delivered within1hr, should be 

Refrigerated or 2 have an appropriate chemical preservative added. eg. 

(Toluene, thymol, formalin or boric acid). 

 

 Changes in unpreserved urine: (At room temp. for longer than 1 hr.) 

  

1. Transformation of urea to ammonia which increase pH. 

Urea      urease       2NH3 + Co2. 

                              (Bacteria)  
2. Decrease glucose due to glycolysis and bacterial utilization. 

3. Decrease ketones because of utilization. 

4. Decrease bilirubin from exposure to light. 

5. Decrease urobilinogen       oxidation         urobilin. 

6. Increase bacterial number. 

7. Increase turbidity caused by bacteria & amorphous. 

8. Disintegration of RBCs casts, particularly in diluted alkaline urine. 

9. Increase nitrite due to bacterial reduction of nitrate. 

10. Changes in color due to oxidation or reduction of metabolic.  

 

 Types of specimens 
 

1. Random specimen (at any time): Useful for routine screening but may 

give false results due to dietary intake or physical activity just prior to 

the collection of the specimen, hence it’s not useful for quantitative 

analysis. 

 

2. First morning specimen: Valuable, for it’s usually concentrated and more 

likely to reveal abnormalities and formed elements, it’s also free of dietary 

influences and changes due to physical activities, its prevents false negative 

pregnancy test. As well as it’s useful in evaluation of orthostatic 

proteinuria. 

 

3. 24 hr’s collection: Used for quantitative determination and for  

evaluation the kidney function. 

 

4. Post. Prandial sample: It taken at specified time after specific meal to 

know the normal excretion. 



 12 

5. Clear catch sample (midstream urine): Best for bacteriological work, 

it’s collected by cleaning the genitalia then the patient takes the 

midstream urine which is suppose to be the most sterile one. 

 

6. Catheterized urine: Collected form pediatric or adult that can’t give 

urine. 

 

7. Supra - pubic samples: For bacteriological samples and taken from 

pediatric mainly. 

 

Routine Urinalysis 

 
A routine urine analysis (R+M) Routine + Microscopic includes the 

examination of physical & chemical characteristics of microscopic studies of 

some cellular & non-cellular elements. 

 

Physical examination of Urine (Macroscopic, Gross) 

 
The first part of a urinalysis is direct visual observation.  

 

1. Appearance: (includes color and clarity) 
 

 Color 

Normal urine color has a wide range of variation ranging from pale yellow, 

straw, light yellow, yellow, dark yellow amber due to urochrome pigment 

(it’s an end product of endogen metabolism), trace of urobilin and 

uroerythrin.  

 

The color is affected by 

1. Concentration of urine 

2. pH 

3. Metabolic activity. 

4.  Diet intake (Beet           red ). 

5. Drugs may change urine color. 

 

Abnormalities in color 
 Colorless or pale yellow 

1. High fluid intake  

2. Reduction in perspiration. 

3. Using of diuretic. 

4. Diabetes Mellitus. 
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5. Diabetes Insipidus (Low level of antidiuretic hormone). 

6. Alcohol ingestion 

7. Nervousness. 

 

 Dark yellow, Amber, orange 

1. Low fluid intake. 

2. Excessive sweating 

3. Dehydration (burns, fever). 

4. Carrots or vitamin (A) 

5. Pyridium and nitrofurantoin (drugs). 

 

 Brownish yellow 

1. Bilirubin            on shaking yellow foam will appear. 

2. Urobilin            on shaking the foam has no color. 

 

 Yellow – green 

Bilirubin   oxd.     Biliverdin (greenish). 

Which give a yellow foam & (- ve) test for bilirubin 

 

 Blue – Green 

Pseudomonas Infection  

 

 Pink – Red 

Due to the presence of fresh blood or Hb, fresh blood will give smoky 

color while Hb gives clear reddish urine. 

 Both may be due to 

1. Urinary tract infection 

2. Calculi 

3. Trauma 

4. Menstrual contamination. 

 

 Dark brown 

Met hemoglobin if bloody sample long standed, Hb will be oxidized.  

Melanin 

Melanogen    light        Melanin         Malignant Melanoma 
      (Colorless)                             (Brown)                

 Black Urine 

Alkaptonurea, a disease of tyrosine metabolism. 
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 Clarity (Transparency) 
Normal urine clear or transparent, any turbidity will indicate. 

1. WBCs (pus). 

2. RBCs  

3. Epithelial cells 

4. Bacteria 

5. Casts 

6. Crystals 

7. Lymph 

8. Semen. 

 

2. Odor 
 Fresh normal urine has a faint aromatic odor due to the presence of 

some volatile acids. 

 In some pathological conditions, certain metabolites may be produced 

to give a specific odor such as: 

 

○ Fruity odor is due to   

 

→ Diabetic urine acetone. 

○ Ammoniac odor → urine standing long time 

○ Offensive odor → Bacterial action of pus (UTI). 

○ Apple odor → Asparagus 

○ Mousy odor →Phenylalanine (phenyl keto urea “PKU” ). 

 

3. Volume 
Adult urine volume = 600 – 2500 ml /24hr. 

Children urine volume = 200 – 400ml /24hr. (4ml / kg / hr). 

 Which depends on 

1. Water intake  

2. External temperature. 

3. Mental and physical state. 

4. Intake of fluid and diuretics (Drugs, alcohol – tea). 

 

 Abnormalities 

 Oligouria: marked decrease in urine flow  < 400 ml. 

 Polyuria: Marked increase in urine flow    > 2500 ml. 

 Anuria: complete stoppage of urine flow. 

 Nocturia: excessive urination during night. 

 Causes of polyuria 

1. Increased fluid in take (polydipsia         Polyuria). 

2. Increased salt intake ad protein diet, which need more water to 

excrete. 
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3. Diuretics intake (certain drugs, drinks). 

4. Intravenous saline or glucose. 

5. Diabetes Mellitus. 

6. Diabetes Insipidus. 

7. Renal disease. 

8. Hypoaldasteronism. 

 

 Causes of Oligouria 

1. Water deprivation 

2. Dehydration             

a. Prolonged vomiting. 

b. Diarrhea 

c. Excessive sweating 

3. Renal Ischemia             

a. heart failure 

b. Hypotension 

c. Transfusion Reaction 

4. Renal Disease 

5. Obstruction by       

a. Calculi. 

b. Tumor. 

c. Prostatic hypertrophy. 

 

 Causes of Anuria 

1. Sever Renal Defect and loss of urine formation mechanism. 

2. Due to the presence of stone or tumor. 

3. Post transfusion hemolytic reaction. 

 

4. Specific Gravity (spg) 
 Specific gravity (which is directly proportional to urine osmolality 

which measures solute concentration) measures urine density, or the 

ability of the kidney to concentrate or dilute the urine over that of 

plasma.  

 As (spg) : Is a measure of number and size of molecules, hence, large 

molecules such as urea will contribute to reading more than the small 

molecules, such as Na+ and K+ which are actual more important to 

reflect urine concentration mechanism, Hence, osmolality may express 

this function with more effectively because it’s the number of particles 

/ kg of substance. 

 Specific gravity between 1.002 and 1.035 on a random sample should 

be considered normal if kidney function is normal. Since the spg of the 

glomerular filtrate in Bowman's space ranges from 1.007 to 1.010, any 
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measurement below this range indicates hydration and any 

measurement above it indicates relative dehydration. 

 

Low specific gravity 

1. Diabetes Insipidus 

2. Glomerulonephritis 

3. Sever renal damage (diminish the concentration ability of the kidney)  

4. Excessive water intake. 

 

High specific gravity 

1. Diabetes mellitus. 

2. Nephrosis 

3. Fever since urine is conc. 

4. Urine preservative substance 

5. X ray contrast media 

 

Note:  

For every g / dl protein spg increased by 0.003. 

For every mg / dl sugar spg increased by 0.004. 

 

Measurement of spg 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Disadvantages of urinometer: 

 Inaccurate reading so needs solution of known spg to correct. 

 The minimum amount of urine to be measured is about 15 ml. 

 If the urine is so turbid it is difficult to read the result.  

1. Urinometer: Which is consists of a 

weighted float a hatched to a scale 

that has been calibrated in terms of 

urine spg. (1.00 – 1.040) the 

weighted float displaces a volume of 

liquid equal to its weight and has 

been designed to sink to a level of 

1.000 in distilled water. The 

additional mass provided by the 

dissolved substances in urine causes 

the float to displace a volume of 

urine smaller than of distilled water, 

the level to which the urinometer 

sinks, is representative of the 

specimen spg. 
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2.  Reagent strip  

Which contain polyelectrolyte, when ions increase in urine, more acidic 

groups are released, the change in pH will take place which change the color 

of bromothymol blue indicator. 

 

 (ions in low spg urine) 
 

C – OO – H+ 

C – OO – H+ 

C – OO – H+ 

Less H+ release because less urine 

ions is present  so increased pH 

(ions in high spg urine) 
 

C – OO – H+ 

C – OO – H+ 

C – OO – H+ 

 H+ replaced by urine ions & released 

in urine so decreased pH 

5. pH 
 

1. One of the important functions of the kidneys is pH regulation, the 

glomerular filtrate of blood plasma is usually acidified by renal tubules and 

collecting ducts from a pH of 7.4 to about 6 in the final urine to keep blood 

pH about 7.4. Hence, urine pH must vary to compensate for diet and 

products of metabolism, this function takes place in the distal convoluted 

tubule with the secretion of both H+ & NH3+ and reabsorption of  

bicarbonate ie. In cases of acidosis, urinary pH will be alkaline by stop H+ 

excretion. 

 

2. Normal urine pH is (4.6 – 8.0) as average (6.0). 

 

 Clinical significance of pH 

 

1. Determine the existence of metabolic acid base disorder  

2. Precipitation of crystals to from stone requires specific pH for each 

type.   Hence, pH control may inhibit the formation of these stones by 

control diet. 

 High protein will give acidic urine. 

 High vegetable will give alkaline urine 

 In addition to some drugs which control pH. 

 Crystals found in alkaline urine: Ca carbonate, Ca phosphate, 

Mg phosphate, and amorphous phosphate. 

 Crystals found in acidic urine: Ca oxalate, Uric acid, Cystine, 

Xanthine and amorphous urate. 

3. May indicate the presence of urinary tract infection caused by urea 

splitting organisms.  

Urea       2NH3 + CO2. 

4. Defects in renal tubular secretions and reabsorption of acid & base. 

 
urease
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5. Determination of unsatisfactory specimens. 

    Urea    urease            NH3 + CO2. 
                                     bacteria 

 

Even in abnormal conditions, urine pH mustn’t reach 9, if so or more this 

will indicate that urine is stand for along time & must be rejected. 

 

 Test for pH 

Reagent strips which has an indicator (methyl red – bromothymol blue 

indicator) or other indicators. 

 

 Alkaline urine is found in:  

Patient with alkalemia, UTI, diets high with citrus fruits or vegetables. 

 

 Acidic urine is found in: 

Patient with acidemia, starvation, dehydration, high diets with meat 

products.  
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Lab 2 

Urinalysis: Chemical examination of urine 

 Objectives 

The student should be 
 Describe the proper technique for performing reagent strip testing. 

  List four causes of premature deterioration of reagent strips, and tell how 

to avoid them. 

 List five quality-control procedures routinely performed with reagent strip 

testing. 

 Differentiate between prerenal, renal, and postrenal proteinuria, and give 

clinical examples of each. 

 Discuss several methods for urine protein determination 

 Explain why glucose that is normally reabsorbed in the proximal 

convoluted tubule may appear in the urine, and state the renal threshold 

levels for glucose. 

 Describe the different methods for the determination of urine glucose 

concentration 

 Name the three “ketone bodies” appearing in urine and causes of 

ketonuria. 

 Discuss the principle of the sodium nitroprusside reaction for the 

determination of ketone bodies 

 Differentiate between hematuria, hemoglobinuria, and myoglobinuria with 

regard to the appearance of urine and clinical significance. 

 Describe the chemical principle of the reagent strip method for blood 

testing, and list possible causes of interference. 

 Describe the relationship of urinary bilirubin and urobilinogen to the 

diagnosis of bile ductobstruction, liver disease, and hemolytic disorders. 

 Discuss the principle of the reagent strip test for urinary bilirubin, 

including possible sources of error. 

 

 Introduction 
 Routine chemical examination of urine has changed dramatically since the 

early days of urine testing, owing to the development of the reagent strip 

method for chemical analysis. 

 Reagent strips currently provide a simple, rapid means for performing 

medically significant chemical analysis of urine, including pH, protein, 

glucose, ketones, blood, bilirubin, urobilinogen, nitrite, leukocytes, and 

specific gravity 
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1. Protein 
A small amount of protein (50 – 150 mg / 24 hrs) appears daily in the normal 

urine, or 10 mg/dl in any single specimen which is not appear in routine 

urinalysis procedure. More than 150 mg/day is defined as proteinuria.  

This amount of protein is form of: 

1. 40% consist of albumin, which may escape from the glomerulus 

membrane & not reabsorbed. 

2. 40% of (tamm–Horsfall) muccoprotein which is secreted from the 

renal tubule and other secretions from genitalia. 

3. 20% other traces of non-plasma proteins. 

 

 Proteinuria: Is defined as the presence of detectable amount of proteins 

in urine. 

 

 Causes of proteinuria 

1. Glomerular membrane damage, which may be: - 

a. Primary: due to primary glomerular defect as glomerulnephritis.   

b. Secondary: - due to external disease that affects the glomerular 

function as:  

 1- SLE  2- Drug 3-  Septicemia 

 

2.   Prerenal Proteinuria  

a. Absorption problems  

b. Over flow / over load, increase of LMW protein such as multiple 

myeloma. Ex. Bence Jones protein. 

 

3.   Tubular proteinuria: 

Caused by renal tubular dysfunction. Proteins of low molecular weight 

are normally filtered  at the glomerulus of the kidney and are then 

normally reabsorbed by the tubular cells .  

Low-molecular-weight proteins' appearing in larger quantities than this is 

tubular proteinuria, which points to failure of reabsorption by damaged 

tubular cells.  

   

 Functional or Nonpathogenic  proteinuria due to:  

1. Fever  2. Emotional 

3. Cold 4. Later months of pregnancy 

5. Postural (as long standing & exercises 

 

 Tests for protein 

1. Principle of dipstick 

The basis for protein test is the “ protein error” of indicators, a term applied to 

the change in ionization and color of the indictor, and hence the apparent pH, 
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when an indicator dye is adsorbed to protein the paper spot in the dipstick is 

impregnated with citrate buffer (PH = 3.0) containing Bromphenol blue, which 

is most sensitive to albumin but detects globulins and Bence-Jones protein 

poorly, Bromphenol blue is yellow at pH 3.0 and blue at pH 4.2, at pH (3) the 

indicator is mostly unionized. If protein is present in the urine into which it is 

dipped, the ionized fraction binds to the protein, thereby causing more dye to 

ionize until equilibrium is reached; hence, the impregnated strip has less yellow 

and bluer color as the protein concentration increases. This reaction is seen 

visually as a change from yellow to green (a mixture of yellow dye plus blue 

dye appears green). The color is compared with that of the protein content from 

(30 – 1000mg /dl). 

In rough terms, trace positive results (which represent a slightly hazy 

appearance in urine) are equivalent to 10 mg/100 ml or about 150 mg/24 hours 

(the upper limit of normal). 1+ corresponds to about 200-500 mg/24 hours, a 2+ 

to 0.5-1.5 gm/24 hours, a 3+ to 2-5 gm/24 hours, and a 4+ represents 7 gm/24 

hours or greater. 

False (+ve) may be due to increased urine pH,  

HIN (yellow)                  H+ + IN - (Blue) 

 

2. Principle of Precipitation test 

a. Heat denaturation for protein precipitation. 

b. Sulfosalicylic acid 

Precipitation by heat is a better semi quantitative method, but overall, it is 

not a highly sensitive test. The sulfosalicylic acid test is a more sensitive 

precipitation test. It can detect albumin, globulins, and Bence-Jones 

protein at low concentrations. 
 

Neg.  No turbidity     

(1+) Turbidly, No granules. 

(2+) Turbidity, granulation, flocculation. 

(3+) Turbidity, granulation 

(4+) Clumps of proteins. 
 

3. Principle of bence – Jones protein testing 

Bence Jones protein appears in urine of multiple myeloma patients. 

First heat the urine between 40 – 60   ْ C, precipitation will occur then continue 

heating till 100  ْ C so the precipitation will disappear (clear). If you cool the 

urine till 40 – 60   ْ C the precipitation will occur again. 

 

 Combined use of dipstick and sulfosalicylic acid  
1. If both are +ve then proteinuria is present 

2. If dipstick 1+ and sulfosalicylic negative then there is probably no 

pathologic concentration of protein. 
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3. If dipstick negative and sulfosalicylic positive then the protein may be 

Bence Jones protein or one of the heavy chain proteins and should 

confirmed by immunologic method. 

2. Glucose 

 Under normal conditions, almost all of glucose filtered by glomerulus is 

reabsorbed in the proximal convoluted tubule, by an active process to 

maintain the plasma concentration of glucose. Less than 0.1% of glucose 

normally filtered by the glomerulus appears in urine (< 130 mg/24 hr).  

 

 If the blood glucose concentration is increased, reabsorption of glucose 

ceases & glucose appears in urine. Glycosuria (excess sugar in urine) 

generally means diabetes mellitus 

 

 Threshold substances 

 Substances that are completely absorbed by the tubules when their plasma 

concentration is normal and not completely absorbed by the tubules if their 

plasma concentration exceeds normal levels.   

 The threshold of glucose is 180 mg / dl. 

 

 Clinical significance of urine glucose 

Glycosuria may be due to 
1. Reabsorption defect 

2. Increase Blood glucose, in the following cases: 

a. Diabetes mellitus 

b. Alimentary glycosuria (transitory), after meal. 

c. Stress in which elevation of epinephrine leads to increase 

glycogenolysis, and cortisol increase gluconeogenesis. 

d. Pancreatic disease affect insulin-secreting gland. 

e. Decrease reabsorption ability. 

  

Principle of glucose test 
 

 Tests for sugar:  
 

 Benedicts test”  

1. Cu So4   
reducing      Cu2O  (red ppt). 

               Sugars 

2. (reagent strip)   

Glucose     oxidase     gluconic acid + H2O2. 

 

H2O2 + O – toludine peroxides oxyorthotoludine (blue color). 
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3. Blood, hemoglobin & myoglobin 
Normally there is no blood or Hb in normal voided urine. The presence of 

these will be refereed to hematuria, hemoglobinuria or myoglobinuria. 

 

 Clinical significance 
Causes of hematuria:  (the presence of erythrocytes) 

 

a. Kidney problem such as 

1. Renal disease. 

2. Renal calculi 

3. Renal tumor. 

4. Trauma. 

5. Effects of toxins that damage the glomeruli. 

 

b. Lower Urinary tract problem 

1. Infection 

2. Tumor 

3. Calculi 

4. Trauma 

 

c. Bleeding disorders and blood disease 

1. Leukemia. 

2. Hemophilia. 

3. Drugs 

4. Thrombocytopenia. 

5. Sickle cell trait. 

6. Catheterization 

 

Note:  If hematuria, cast and proteinuria are present then the origin of problem 

is kidney. 

 

 Causes of hemoglobinuria  
The presence of free Hb in urine as a result of intravascular hemolysis 

due to hemoglobinemia  

1. Hemolytic anemia 

2. Sever burns 

3. Transfusion reaction 

4. Poisoning 

5. Sever physical exercises  

6. Infections with hemolytic bacteria 
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 Causes of myoglobinuria  
The presence of myoglobin, which is heme. Protein of muscles, which 

facilitate the movement of oxygen within muscles.  

Hence it will appear in urine in case of:  

 Muscular trauma 

 Convulsions 

 Prolonged coma 

 

Priciple of test  
 

O-toludine Benzidine + H2O2     peroxides      colored pigment (blue / green) + H2O.  

                 of Hb                     

 RBCs, Hb, and myoglobin will give +ve reaction.  

 RBCs will give a spotted reaction pattern & will appear in microscopic 

test. 

 Hb & myoglobin will give diffused reaction pattern; ammonium sulfate 

will differentiate between them, which precipitate Hb but not myoglobin. 

In urine sample, both give normal RBCs microscopically (0–2). 

 

4. Nitrite 

 
Test principle: (Greiss – reaction) 

 

Para - arsenic acid or sulfonamide + Nitrite                 Diazonium compound.  

 
 Clinical significance 

o A positive nitrite test indicates that bacteria may be present in significant 

numbers in urine. Gram negative rods such as E. coli are more likely to 

give a positive test. 

o Negative test can not exclude the presence of bacteria. 

                    Nitrate   bacteria    nitrite 

 

Nitrite present in  

1. Cystitis  

2. Pyelonephritis 

 

5. Bilirubin 

Bilirubin derived from Hb, is conjugated in the liver and excreted in the bile. 

Conversion to stereobilinogen (faecal urobilinogen) takes place in the intestinal 

lumen. Some reabsorbed urobilinogen is excreted in the urine.  
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Red blood cells destruction in spleen and liver 

                    Hb  

      

                  

  

 

 

 

 

 

 

                                        

 
   

                            

                                    

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                        

RBCs are destructed in the reticuloendothelial system which gives 

protoporphyrine from Hb, which transformed in liver to bilirubin, which 

Production of bilirubin 

Amino acid pool            globin  Iron 

heme 
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released into the circulation bounded with albumin; hence it will not be filtered 

in the kidneys. During circulation it will reach the liver to conjugate with 

glucoronic acid to from the conjugated form that will be reach the intestine via 

the bile duct to be reduced by the action of bacteria to give urobilinogen, which 

has two ways, one is secretion with feces, the rest is absorbed via the intestine 

and reach blood to be filtered in the kidney & secreted in form of urine 

urobilinogen 

 

 Normal urine has a small amount of 

Urobilinogen          0 – 4 mg / day 

Urobilin                 10 – 130 mg / day. 

While no bilirubin is present 

 Conjugated bilirubin will appear if the normal degradation cycle is 

obstructed by the bile duct or when the integrity of liver is damaged 

allowing, leakage of conjugated bilirubin into the circulation such as 

cholestasis & hepatitis. 

 

 Principle of Bilirubin test 

 

1. Reagent strip reaction 
Diazonium salt + bilirubin                   Azodye. (Diazonium Compound color) 

2. Tablet contain diazonium salt 

3. Examine the color produced from the conversion of bilirubin to 

biliverdin. 

Confirmatory tests 

a. Oxidation test (Harrison Spot test) = Fouchet test 

 Filter paper is soaked in saturated BaCl2, dried, cut in strip. 

 When performing the test, the lower half of the strip is embedded in 

urine sample & then removed, apply one drop of (FeCl3 + TCA) 

(Fouchet reagent) in the line separated the wet & dried half. 

 

+ve result found as greenish color of the cut off line. 

 

b. Smith iodine test  

 

5ml urine + 2 ml of 0.7 iodine prepared in 95% ethyl alcohol. 

 

+ve              green ring at the junction between the two fluids. 

 

c. Shake test: this test neither specific nor sensitive. 

 

+ve              yellow foam  
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 Urobilinogen. 

p-dimethyl aminobenzaldehyde (Ehrlich’s reagent)  

+ve             result with urobilinogen (red color). 

 

6. Ketone bodies  

Clinical significance 

Ketones are 3 intermediate product of fat metabolism which are  

1. Acetone (78%) 

2. Aceotacetic acid (20%) 

3. Beta-hydroxybutyric acid (2%). 

 Ketonurea occurs in   

1. Diabetes acidosis         

2. Starvation            

3. Excessive Carbohydrate loss. 

 

Principle of Test 

Sodium nitroprusside react with aceotacetic acid  

 Acetoacetic acid                    Beta-hydroxybutyric acid (2%). 

 

               

  Acetone 

 

7. Leukocyte Esterase 

A positive leukocyte esterase test results from the presence of white blood cells 

either as whole cells or as lysed cells. Pyuria can be detected even if the urine 

sample contains damaged or lysed WBC's. A negative leukocyte esterase test 

means that an infection is unlikely and that, without additional evidence of 

urinary tract infection, microscopic exam and/or urine culture need not be done 

to rule out significant bacteriuria. 

 

Principle of reagent strip. 

Indoxyl + diazonium salt   leukocyte Esterase           Indoxylcarbonic acid Ester   

        (            (purple color                   
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Dip stick 
 Principle 

 Reagent strips consist of chemical-impregnated absorbent pads 

attached to a plastic strip.  

 A color-producing chemical reaction takes place when the absorbent 

pad comes in contact with urine.  

 The reactions are interpreted by comparing the color produced on the 

pad with a chart supplied by the manufacturer. Several colors or 

intensities of a color for each substance being tested appear on the chart.  

 By careful comparison of the colors on the chart and the strip, a 

semiquantitative value of trace, 1_, 2_, 3_, or 4_ can be reported. An 

estimate of the milligrams per deciliter present is available for 

appropriate testing areas.  

 
 Procedure  

1. Testing methodology includes dipping the reagent strip completely, but 

briefly, into a well-mixed specimen 

2. Removing excess urine from the strip by running the edge of the strip on 

the container when withdrawing it from the specimen 

3. Waiting the specified length of time for reactions to take place, and 

comparing the colored reactions against the manufacturer’s chart using a 

good light source. 

 

 Discussion  

 

Improper technique can result in errors.  

 Formed elements such as red and white blood cells sink to the 

bottom of 

 the specimen and will be undetected in an unmixed specimen. 

 Allowing the strip to remain in the urine for an extended period may 

cause leaching of reagents from the pads.  

 Excess urine remaining on the strip after its removal from the 

specimen can produce a run over between chemicals on adjacent pads, 

producing distortion of the colors. To ensure against run over, blotting 

the edge of the strip on absorbent paper and holding the strip 

horizontally while comparing 

 it with the color chart is recommended.  

 The amount of time needed for reactions to take place varies 

between tests 

 and manufacturers, and ranges from an immediate reaction for pH to 

120 seconds for leukocytes.  
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 For the best semiquantitative results, the manufacturer’s stated time 

should be followed; however, when precise timing cannot be achieved, 

manufacturers recommend that reactions be read between 60 and 120 

seconds, with the leukocyte reaction read at 120 seconds. 

 A good light source is, of course, essential for accurate interpretation 

of color reactions.  

 The strip must be held close to the color chart without actually being 

placed on the chart. 

 Reagent strips and color charts from different manufacturers are not 

interchangeable.  

 Specimens that have been refrigerated must be allowed to return to 

room temperature prior to reagent strip testing, as the enzymatic 

reactions on the strips are temperature dependent 

 Be alert for the presence of interfering substances. 

 Understand the principles and significance of the test, read package 

inserts. 

 Relate chemical findings to each other and to the physical and 

microscopic urinalysis results. 

 

 Care of Reagent Strips 

1. Store with desiccant in an opaque, tightly closed container. 

2. Store below 30_C; do not freeze. 

3. Do not expose to volatile fumes. 

4. Do not use past the expiration date. 

5. Do not use if chemical pads become discolored. 

6. Remove strips immediately prior to use. 

 

 Quality Control 

 Test open bottles of reagent strips with known positive and negative 

controls every 24 hr. 

 Resolve control results that are out of range by further testing. 

 Test reagents used in backup tests with positive and negative controls. 

 Perform positive and negative controls on new reagents and newly opened 

bottles of reagent strips. 

 Record all control results and reagent lot numbers. 
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Lab3 

Microscopic examination of urine Sediment 

 

 Objectives  
 Upon completion of this chapter, the student  will be able to: 

 List the physical and chemical parameters included in macroscopic urine 

screening, and 

 state their significance. 

 Discuss the advantages of commercial systems over the glass-slide 

method for sediment examination. 

 Describe the recommended methods for standardizing specimen 

preparation and volume, centrifugation, 

 sediment preparation, volume and examination, and reporting of results. 

 Differentiate between normal and abnormal sediment constituents. 

 Discuss the significance of red blood cells (RBCs) in the urinary 

sediment. 

 Discuss the significance of white blood cells (WBCs) in the urinary 

sediment. 

 Name, describe, and give the origin and significance of the three types of 

epithelial cells found 

 in the urinary sediment. 

 Discuss the significance of oval fat bodies. 

 Describe the process of cast formation. 

 Describe and discuss the significance of hyaline,RBC, WBC, bacterial, 

epithelial cell, granular, waxy, fatty, and broad casts. 

 List and identify the normal crystals found in urine. 

 Describe and state the significance of cystine, cholesterol, leucine, 

tyrosine, bilirubin, sulfonamide, radiographic dye, and ampicillin crystals. 

 Differentiate between actual sediment constituents and artifacts. 

 Correlate physical and chemical urinalysis results with microscopic 

observations and recognize discrepancies. 

 

 Introduction 

 The third part of routine urinalysis is the microscopic examination of the 

urinary sediment. Its purpose is to detect and to identify insoluble materials 

present in the urine. The blood, kidney, lower genitourinary tract, and 

external contamination all contribute formed elements to the urine. These 

include RBCs, WBCs, epithelial cells, casts, bacteria, yeast, parasites, 

mucus, spermatozoa, crystals, and artifacts.  
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 Because some of these components are of no clinical significance and 

others are considered normal unless they are present in increased amounts, 

examination of the urinary sediment must include both identification and 

quantitation of the elements present. 

 Microscopic examination of the urine sediment is the least standardized and 

most time-consuming part of the routine urinalysis. Protocols have been 

developed to increase the standardization and cost-effectiveness of 

microscopic urinalysis and are discussed in this chapter. 
 

 Specimen Preparation 

 Specimens should be examined while fresh or adequately preserved. 

Formed elements—primarily RBCs, WBCs, and hyaline casts—

disintegrate rapidly, particularly in dilute alkaline urine.  

 Refrigeration may cause precipitation of amorphous urates and phosphates 

and other nonpathologic crystals that can obscure other elements in the 

urine sediment. 

 Warming the specimen to 370C prior to centrifuging may dissolve some of 

these crystals. 

 The midstream clean-catch specimen minimizes external contamination of 

the sediment. As with the physical and chemical analyses, dilute random 

specimens may cause false negative readings. 

 Care must be taken to thoroughly mix the specimen prior to decanting a 

portion into a centrifuge tube. 

 

 Procedure  

1. A sample of well-mixed urine (usually 10-15 ml) is centrifuged in a test 

tube at relatively low speed (about 2-3,000 rpm) for 5-10 minutes until a 

moderately cohesive button is produced at the bottom of the tube.  

2. The supernatant is decanted and a volume of 0.2 to 0.5 ml is left inside 

the tube.  

3. The sediment is resuspended in the remaining supernatant by flicking the 

bottom of the tube several times.  

4. A drop of resuspended sediment is poured onto a glass slide and cover 

slipped. 

5. Examination 

 The sediment is first examined under low power to identify most 

crystals, casts, squamous cells, and other large objects.  

 The numbers of casts seen are usually reported as number of each type 

found per low power field (LPF). Example: 5-10 hyaline casts/LPF.  

 Since the number of elements found in each field may vary 

considerably from one field to another, several fields are averaged.  
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 Next, examination is carried out at high power to identify crystals, 

cells, and bacteria. The various types of cells are usually described as 

the number of each type found per average high power field (HPF). 

Example: 1-5 WBC/HPF. 

I-Organized Sediments 

1. Red Blood Cells 0-2/HPF 

 Hematuria is the presence of abnormal numbers of red cells in urine due to: 

glomerular damage, tumors which erode the urinary tract anywhere along 

its length, kidney trauma, urinary tract stones, renal infarcts, acute tubular 

necrosis, upper and lower urinary tract infections, nephrotoxins, and 

physical stress. Red cells may also contaminate the urine from the vagina 

in menstruating women or from trauma produced by bladder catherization.  

 Theoretically, no red cells should be found, but some find their way into the 

urine even in very healthy individuals. However, if one or more red cells 

can be found in every high power field, and if contamination can be ruled 

out, the specimen is probably abnormal. 

 RBC's may appear normally shaped, swollen by dilute urine (in fact, only 

cell ghosts and free hemoglobin may remain), or created by concentrated 

urine. Both swollen, partly hemolyzed RBC's and created RBC's are 

sometimes difficult to distinguish from WBC's in the urine.  

 In addition, red cell ghosts may simulate yeast. The presence of dysmorphic 

RBC's in urine suggests a glomerular disease such as a glomerulonephritis. 

Dysmorphic RBC's have odd shapes as a consequence of being distorted 

via passage through the abnormal glomerular structure.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RBC's  

 

 

RBCS 
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 Ghost cell (erythrocyte cell Membrane )  

It’s a faint erythrocyte, which is exposed to hemolysis due to the presence of 

hypotonic alkaline urine, this indicate the presence of Hb in the sample,  

 

 Dysmorphic cell (shrinking Erythrocytes )  

May indicate the presence of old RBCs due to: 

- Possible hemorrhage in the upper urinary tract (glomerulus). 

- Or indicate hypertonic urine.  

 

o Note: 

RBCs may be differentiated from yeast by: 

1. Biconcave shape (RBC) 

2. The presence of budding in yeast. 

3. In adding acetic acid yeast will not affected while erythrocyte will be 

hemolysed  

 

2. White Blood Cells: (< 4/ /HPF ) 

 Pyuria refers to the presence of abnormal numbers of leukocytes that may 

appear with infection in either the upper or lower urinary tract or with acute 

glomerulonephritis. Usually, the WBC's are granulocytes. White cells from 

the vagina, especially in the presence of vaginal and cervical infections, or 

the external urethral meatus in men and women may contaminate the urine. 

 However, higher numbers may be found in female urine >5 WBC’s  

 

o Origin of WBC’s: 

1. Through glomerular damage 

2. Amoeboid Migration through to the site of infection  

 

o Increased WBC’s (Pyuria) present in:  

1. Inflammation  in the genitourinary system due to bacteria 

(Pyelonephritis – Cystitis – Prostatitis – Urethritis) 

2. Inflammation due to non bacterial agent:(Glomerulonephritis – SLE – 

Tumor). 

 

 

 

 

 

 

 

 

 

 
 

WBC's 
 



 34 

Notes: 
o WBC’s may be lysed in alkaline hypotonic urine to from (Glitter- Cell) in 

which granules are moved in Brownian movement. 

o WBC’s are usually spherical, dull gray, they may occur singly or in clumps, 

larger than RBC’s & Less than epithelial cells in size. 

o Mostly neutrophil 

o In kidney infection, WBC’s tend to be associated with cellular & granular 

casts, bacteria, epithelial cells & relatively few RBC’s. 

 

2. Epithelial Cells: 

 Which may originate from any site of the genitourinary tract. 

 Few cells can be found in urine as a result of normal sloughing off old cells. 

 A marked increase may indicate inflammation 

 

 Type of Epithelial cells: 

a. Tubular epithelium: 

 The most significant of epithelial cells, because the finding of 

increased numbers indicates: 

1. Tubular necrosis  

2. Important in renal graft rejection 

3. Tubular damage such as Pyelonephritis, viral infection, and toxic 

reactions. 

 They are round and slightly larger than white blood cells & 

distinguished from leukocytes by the presence of a single round 

eccentrically located nucleus. 

 When lipiduria occurs, these cells contain endogenous fats. When 

filled with numerous fat droplets, such cells are called oval fat 

bodies.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tubular cells 
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b. Transitional cells: 

 (Lower tract epithelium) originate from the lining of the renal 

pelvis, bladder & upper urethra. 

 (2- 4) time larger than WBC’s, may be rounded, pear shape, or may 

have tail like projections) 

 & May contain 2 nucleoli 

 They are seldom pathologically important unless large numbers 

exhibiting unusual morphology are seen. 

 

c. Squamous cells: 

 The most frequently seen and least significant of the epithelium 

cells, they are derived from the lining of vagina & lower portion of 

urethra. 

 They are large, flat irregularly shaped cells with central nucleus 

with at abundant cytoplasm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Casts: 

 Urinary casts are formed only in the distal convoluted tubule (DCT) or the 

collecting duct (distal nephron). The proximal convoluted tubule (PCT) 

and loop of Henle are not locations for cast formation. Hyaline casts are 

composed primarily of a mucoprotein (Tamm-Horsfall protein) secreted by 

tubule cells. The Tamm-Horsfall protein secretion, forming a hyaline cast 

in the collecting duct 

 Even with glomerular injury causing increased glomerular permeability to 

plasma proteins with resulting proteinuria, most matrix or "glue" that 

cements urinary casts together is Tamm-Horsfall mucoprotein, although 

albumin and some globulins are also incorporated. An example of 

 

Squamous cells 
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glomerular inflammation with leakage of RBC's to produce a red blood cell 

cast. 

 The factors which favor protein cast formation are low flow rate, high 

salt concentration, and low pH, all of which favor protein denaturation 

and precipitation, particularly that of the Tamm-Horsfall protein. 

Protein casts with long, thin tails formed at the junction of Henle's loop 

and the distal convoluted tubule are called cylindroids. Hyaline casts 

can be seen even in healthy patients. 

 
 In end-stage kidney disease of any cause, the urinary sediment often 

becomes very scant because few remaining nephrons produce dilute 

urine. 

 

 

 

 

 

 

 

 

 

 

 

 

 

o Type of Casts: 

 

a. Hyaline cast: (0-2) / LPF  
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The most frequently seen cats is the hyaline type, which consist almost entirely 

of Tamm–Horsfall protein and may appear as a result of strenuous exercise, 

fever, dehydration and stress and may appear due to pathological conditions as: 

1. Nephritis (pyelonephritis – glomerulonephritis) 

2. Chronic renal disease. 

 

b. Red blood cell cast: 

Formed of red cells enmeshed in or a Hatched to Tamm – Horsfall protein 

matrix.  

The presence of cellular cast is usually indicative of serous disease, although 

red cells casts have been found in healthy individuals following exercise, color 

of red cell cast ranging from yellow to brown, & may contain few or packed 

cells. 

 

 

 

They may indicate: 

1) Acute glomerulonephritis. 

2)  Renal infarction. 

3)  Kidney involvement of sub-acute bacterial endocarditis. 

4) SLE   

c. White Blood Cells Cast: 

The presence of WBC’s indicates the presence of infection or inflammation 

within the nephron 

1. Pyelonephritis & glomerulonephritis 

2. Renal parenchymal infection 

  

d. Bacterial Casts: 

Pyelonephritis 

 

e. Epithelial cell casts: 

The presence of occasional epithelial cells or clumps is not remarkable, but if 

many epithelial casts are found, the following disease may damage the tubular 

epithelium. 

1. Nephritis 

2. Toxins 

3. Glomerulonephritis. 

4. Acute tubular necrosis 

 

f. Granular Casts: 

Coarsely or finely granular casts are frequently seen, which may be associated 

with pathological or non pathological conditions appears to be the lysosomes 
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excreted by renal tubular cells during normal metabolism and increased 

excretion due to metabolism in stress and exercise. 

In disease states, granules may represent disintegration of cellular casts and 

tubule cell protein aggregates filtered by the glomeruli. 

Clinical implications:  

1. Acute tubular necrosis  

2. Advanced glomerulonephritis 

3. Pyelonephritis 

4. Lead poisoning 

 

g. Waxy casts: 

They are refractive with a rigid texture, yellow or gray, or colorless, 

homogenous appearance, they result from degeneration of granular & hyaline 

casts & Found in: 

1. Tubular inflammation & degradation. 

2. Chronic renal failure. 

3. Localized nephron obstruction. 

h. Broad waxy Casts: 

Are found in urine considered as the most ominous of all cast types. 

 

i. Broad Casts: 

All casts forms can occur in the broad from which is formed in the collecting 

ducts & called renal failure casts 

 

j. Fatty Casts:  

Casts contain fat droplets (bodies), refractive formed of oval fat bodies & 

integrated fats attached to casts matrix to for Fatty casts in lipiduria as 

(nephrotic syndrome). 

            

4. Bacteria: 

Bacteria are common in urine specimens because of the abundant normal 

microbial flora of the vagina or external urethral meatus and because of their 

ability to rapidly multiply in urine standing at room temperature. Therefore, 

microbial organisms found in all but the most scrupulously collected urines 

should be interpreted in view of clinical symptoms. 

Diagnosis of bacteriuria in a case of suspected urinary tract infection requires 

culture. A colony count may also be done to see if significant numbers of 

bacteria are present. Generally, more than 100,000/ml of one organism reflects 

significant bacteriuria. Multiple organisms reflect contamination. However, the 

presence of any organism in catheterized or suprapubic tap specimens should be 

considered significant. 
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5. Yeast: 
Yeast cells may be contaminants or represent a true yeast infection. They are 

often difficult to distinguish from red cells and amorphous crystals but are 

distinguished by their tendency to bud. Most often they are Candida, which 

may colonize bladder, urethra, or vagina 

 

6. Mucus: 

Protein, formed from the epithelium of the genitourinary  

 

7- Oval fat bodies 

Renal transitional epithelial cells absorb lipids that are present in the glomerular 

filtrate. They then appear highly refractile, and the nucleus may be more 

difficult to observe. These lipid-containing RTE cells are called oval fat bodies. 

They are usually seen in conjunction with free-floating fat droplets. 

 

 

8. Miscellaneous: 

General "crud" or unidentifiable objects may find their way into a specimen, 

particularly those that patients bring from home. 

Spermatozoa can sometimes be seen rarely. Trichomonas vaginalis 

(Contaminated from vaginal secretion), pinworm ova may contaminate the 

urine. In Egypt, ova from bladder infestations with schistosomiasis may be seen. 

entsUnorganized Sedim -II 
 

Crystal are frequently found in urine, although they are seldom of clinical 

significance, identification must be made to ensure that they don’t represent an 

abnormality. 

Crystals are formed by the precipitation of urine salts subjected to changes in 

pH, temperature or concentration, which affect their solubility. Which appear 

in urine in the form of either true crystal or amorphous material. 

The most valuable aid in crystal identification is knowledge of urine pH, 

because this will type the chemicals precipitated hence crystal are categorized 

in normal of abnormal as well as crystals in acidic or alkaline urine. 

 

1- Normal  edogenous crystals: 

A.  Acidic urine: 

 

 Uric acid plates rhombic, rosettes, wedges & needles. Increase levels 

are seen in leukemia, gout. 

 

 Amorphous Urate yellow brown granules if present in large amount 

may give urine pink color. 
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 Calcium oxalate color less octahedral resembles envelopes. 

They are associated with high oxalic acid and with chemical toxicity 

and are seen – in genetically susceptible person following large doses 

of ascorbic acid. 

 

B. Alkaline Urine 

Phosphates are the most common crystals found in alkaline urine. 

 Triple phosphate  (Colorless prism) 

 Amorphous phosphate (granules). If present in large amounts the 

produce white turbidity in urine. 

 Calcium phosphate: (Colorless thin prisms, plates or needless). 

When found in neutral urine they may be confused with abnormal 

sulfonamide crystal, however calcium phosphate crystals are 

soluble in dilute acetic acid and sulfonamide are not. 

 Ammonium biurate   (Brownish yellow) 

 Calcium Carbonate: (Small colorless with dumbbell or spherical 

shops). They may occur in clumps that resemble amorphous 

phosphate, but they can distinguish by the formation of gas after 

the addition of acetic acid. 

 

 

 

 

 

 

 

 

 

 

 

 

 

2- Abnormal endogenous crystals  

 Cystine, cholesterol, leucine, tyrosine, bilirubin, sulfonamide, 

radiographic dye, and medications. Ampicillin. 

 Hemosidren, appearing as yellow – brown granules, may also be seen in 

the nephron. 

 

 Exogenous crystals : as starch (gloves) & telcum bounder granules. 

 

 Results  
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Results of routine urinalysis are reported in the following form 
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report URINE Analysis 

Patient Name:------------------------------- 

Patient ID:----------------------------------- 

Physician name:---------------------------- 

  

Macroscopic examination 

Volume : -------------------------------------------------------------------- 

Colour :---------------------------------------------------------------------- 

Transparency  :------------------------------------------------------------- 

Reaction :-------------------------------------------------------------------- 

Specific Gravity :----------------------------------------------------------- 

Biochemical examination 

Protein :---------------------------------------------------------------------- 

glucose :--------------------------------------------------------------------- 

Ketone bodies:-------------------------------------------------------------- 

Blood :----------------------------------------------------------------------- 

Urobilinogen :--------------------------------------------------------------- 

Bilirubin:------------------------------------------------------------------- 

Microscopic Ex. 

Crystals :--------------------------------------------------------------------- 

Amorphus sediment :------------------------------------------------------ 

R.B.cs :---------------------------------------------------------------------- 

pus cells :-------------------------------------------------------------------- 

Epithellal cells :------------------------------------------------------------- 

Casts :------------------------------------------------------------------------ 

Ova :-------------------------------------------------------------------------- 

Other Findings :------------------------------------------------------------ 

Signature -----------------------------  
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Lab 4- Renal calculi 

 

 Objectives 
After completion of this lab the student should be able to 

 Handled with urinary calculi in the laboratory 

 Describe urinary calculi physically 

 Able to examine urinary calculi chemically  
 

 Introduction 
 

What are kidney stones? 

 Renal calculi (kidney stones) are formed in renal tubules, ureter or 

bladder 

 Composed of metabolic products present in glomerular filtrate 

 These products are in high conc. near or above maximum solubility  

 

 

 
 

 

 Conditions causing kidney stone formation 

1. High conc. of metabolic products in glomerular filtrate is due to: 

 Low urinary volume (with normal renal function) due to restricted 

fluid intake 

 Increased fluid loss from the body 

 Increased excretion of metabolic products forming stones 

 High plasma volume (high filtrate level) 

 Low tubular reabsorption from filtrate 
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2. Changes in urine pH due to: 

 Bacterial infection 

 Precipitation of salts at different pH 

 

3. Urinary stagnation is due to: 

 Obstruction of urinary flow 

  

4.  Deficiency of stone-forming inhibitors: 

 Citrate, pyrophosphate, glycoproteins inhibit growth of calcium 

phosphate and calcium oxalate crystals 

 In type I renal tubular acidosis, hypocitraturia leads to renal stones 

 

 Types of kidney stones 

1- Calcium salt stones 
80% of kidney stones contain calcium 

The type of salt depends on 

 Urine pH 

 Availability of oxalate 

General appearance: 

 White, hard, radioopaque 

 Calcium PO4: staghorn in renal pelvis (large) 

 Calcium oxalate: present in ureter (small) 

 

Causes of calcium salt stones: 

2- Hypercalciuria: 

 Increased urinary calcium excretion 

 Men: > 7.5 mmols/day 

 Women > 6.2 mmols/day 

 May or may not be due to hypercalcemia 

3- Hyperoxaluria: 

 Causes the formation of calcium oxalates without hypercalciuria 

 Diet rich in oxalates 

 Increased oxalate absorption in fat malabsorption 

4- Primary hyperoxaluria: 

 Due to inborn errors 

 Urinary oxalate excretion: > 400 mmols/day 

 

Treatment: 

1- Treatment of primary causes such as infection, hypercalcemia, 

hyperoxaluria 

2- Oxalate-restricted diet 

3- Increased fluid intake 
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4- Acidification of urine (by dietary changes) 

Note: Calcium salt stones are formed in alkaline urine 

 

2- Uric acid stones 

 About 8% of renal stones contain uric acid 

 May be associated with hyperuricemia (with or without gout)  

 Form in acidic urine 

 

General appearance: 

 Small, friable, yellowish 

 May form stag horn 

 Radiolucent (plain x-rays cannot detect) 

 Visualized by ultrasound or i.v. pyelogram 

 

Treatment: 

 Purine-restricted diet 

 Alkalinization of urine (by dietary changes) 

 Increased fluid intake 

 

3- Mg ammonium PO4 stones 

 About 10% of all renal stones contain Mg amm. PO4 

 Also called struvite kidney stones 

 Associated with chronic urinary tract infection 

 Microorganisms (such as from Proteus genus) that metabolize urea into 

ammonia 

 Causing urine pH to become alkaline and stone formation 

 Commonly associated with staghorn calculi 

 75% of staghorn stones are of struvite type 

 

Treatment: 

 Treatment of infection 

 Urine acidification 

 Increased fluid intake 

 

5- Cystine stones 

 A rare type of kidney stone 

 Due to homozygous cystinuria 

 Form in acidic urine 

 Soluble in alkaline urine 

 Faint radio-opaque 
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Treatment: 
 Increased fluid intake 

 Alkalinization of urine (by dietary changes) 

 Penicillamine (binds to cysteine to form a compound more soluble than 

cystine) 

 

Laboratory investigations of kidney stones 
 

 If stone has formed and removed: 

 Chemical analysis of stone helps to: 

1- Identify the cause 

2- Advise patient on prevention and future recurrence 

 If stone has not formed: 

 This type of investigation identifies causes that may contribute to stone  

formation 

 

 Tests are performed for this purpose: 
Blood chemistry 

Serum 

 Calcium, Phosphate. Uric acid. Alkaline phosphates. sodium potassium 

chloride. Magnesium. Creatinine. 

Urinalysis 
Volume, calcium, oxalates and cystine levels 

Urine pH > 8 suggests urinary tract infection (Mg amm. PO4) 

 

Microscopy of urine 

Urine examination is recommended on a freshly voided morning sample 

using dip stick test and microscopic examination and culture. Microscopy 

may reveal the following crystals: 

 oxalate (envelope) 

 calcium phosphate (amorphous) 

 triple phosphate (coffin lid) 

 uric acid (needle shaped) and 

 cystine (hexagonal), as well as any other formed elements.  

 

Stone analysis 

This is regarded as essential, because the content of the stone may 

determine the subsequent evaluation of the patient. The presence of uric 

acid, cystine or struvite will have therapeutic consequences. Chemical 

qualitative analysis is generally adequate. 
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X-ray/imaging techniques 

If a calculus is suspected, intravenous pyelography (urogram) should be 

included. It may also reveal structural abnormalities 

Chemical Examination 

 Procedure 
5- wash the calculi well with tap water followed by distilled water 

6- dry well by oven 

7- grand the calculi to obtain a smooth powder 

8- take a small part of the powder and burn on direct flame to determine if the 

stone contain organic components or not.  

9- Test for uric acid 

1-Powder+ Uric acid indicator(U.A). 

2-Incubation for 5 min. in RM. 

3-Color pink will be appear if the U.A form it. 

10- Test for oxalate, calcium, magnesium and phosphate 

 

 Powder + 6% HNO3+heat to boil then leave it to cooled ppt .then filtrated 

it. The filtrate make the following on it: 

1. Filtrate + (2.5 %)CaCL2 +ammonia: If white ppt appeared. so there is 

oxalate  

2. Filtrate + Reagent(phosphor) ammonium molibdate : Blue Color will 

be appear if the  there is phosphor.  

3. Filtrate + HCL: after a good mixing filter it and add H2SO4 to the 

precipetate on the filter paper to dissolve it, and heat then add KMO4 

drop by drop if the permanganate color disappeared the calculi 

contains Calcium if there is no change in color the calculi is Mg. 

 Results 

--------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------- 
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Lab 5,6- Cerebrospinal fluid 
 

 Objectives 
 State the three major functions of cerebrospinal fluid (CSF). 

 Describe the appearance of normal CSF. 

 Define xanthochromia and state its significance. 

 Calculate CSF total, white blood cell (WBC), and red blood cell 

(RBC) counts  

 Describe the leukocyte content of the CSF in bacterial, viral, 

tubercular, and fungal meningitis. 

 State the normal value for CSF total protein. 

 List pathologic conditions that produce an elevated CSF protein. 

 State the normal CSF glucose value. 

 Name the possible pathologic significance of a decreased CSF 

glucose. 

 Briefly discuss the diagnostic value of CSF lactate. 

 Name the microorganism associated with a positive 

 Determine whether a suspected case of meningitis is most 

probably of bacterial, viral, fungal, or tubercular origin. 

  

 Introduction 
 Cerebrospinal fluid (CSF) is a clear, colorless liquid that fills the 

ventricles (cavities) of the brain and the spinal cord, surrounds 

them as well, and acts as a lubricant and a mechanical barrier 

against shock. 

 CSF has a slightly alkaline chemical composition, similar to 

blood. It contains no red blood cells, and low amounts of protein 

and lipids in comparison to blood. It is about 99 percent water. 

There are about 100 to 150 milliliters of cerebrospinal fluid in the 

normal adult body. 

 

 Formation 

 CSF is produced from arterial blood by the choroid plexuses of the lateral 

and fourth ventricles by a combined process of diffusion and active transfer.  

 The choroid plexus consists of tufts of capillaries with thin fenestrated 

endothelial cells. 

 Secretion predominates in the ventricles and absorption in the subarachnoid 

space (arachnoid villi).  

 CSF circulates through the two lateral ventricles to the third ventricle, down 

the fourth ventricle and into the subarachnoid space.  

 Some of the CSF travels down the central canal of the spinal cord. 
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 Rate of formation 

 0.3 ml/min . 

 20 ml/hr. 

 500 ml/day. 

 Functions of the CSF  

1. The CNS: brain and spinal cord are leave floating by the cerebrospinal 

fluid medium in which they are suspended. This provides the nervous 

system with support and protection against rapid movements and trauma 

.It is appears to act as a cushion. 

2. The CSF is believed to be nutritive for both neurons and glial cells. 

3. The CSF provides a medium for removing waste products of cellular 

metabolism form the nervous system. In this capacity, it functions like a 

lymphatic system.  
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4. The CSF plays a role in maintaining the constancy of the ionic composition 

of the local microenvironment of the cells of the nervous system.  

5. The presence of a number of biologically active principles (releasing 

factors, hormones, neurotransmitters, metabolites) within the CSF 

suggests that it may function as a transport system.  

6. Since the CSF and brain extracellular space are in continuity analysis of the 

composition of the CSF provides diagnostic information about the normal 

and pathological state of the nervous system function.  

 

 Sample collection 

 Lumbar puncture (spinal tap) is the most common means of collecting a 

specimen of CSF. The patient is positioned on his side with his knees 

curled up to his abdomen and his chin tucked in to his chest (occasionally 

this procedure is performed with the person sitting bent forward). The 

skin is cleaned, and a local anesthetic is injected over the lower spine.  

 The spinal needle is inserted, usually between the 3rd and 4th lumbar 

vertebrae. Once the needle is properly positioned in the subarachnoid 

space, pressures can be measured (normal pressure between 80-190 mm) 

and fluid can be collected for testing (10-20 ml of CSF is collected). 

After the sample is collected, the needle is removed, the area is cleaned, 

and a bandage is applied. The patient will be asked to remain flat, or 

nearly flat, for 6 to 8 hours after the test.  

 

 

 

 

 

 

 

 

 

 

 

 

 Remark 

1. The specimen must be collected under sterile conditions, sealed 

immediately to prevent leakage or contamination, and sent to the laboratory 

without delay. 

2. The specimen should be labeled with the patient’s name, age, date, room 

number, and suspected disease. The laboratory staff should be alerted so 

that they can prepare to examine the specimen immediately. 

3. Blood sample should be collected 30 min. before lumber puncture for 

glucose, protein and immunoglobulin determination   
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4. Specimens are usually collected in three sterile tubes, labeled 1,2, and 3 in 

order in which they are drawn, tube 1for chemistry and serology, tube 2 for 

microbiology, while tube 3 is used for cell count and differential (2-4 ml in 

each tube).   

5. The attending physician should be notified as soon as results are obtained 

so that appropriate treatment can be started. 

6. CSF specimens for additional chemical and serological tests should be 

frozen, hematology tubes are refrigerated, and microbiology tubes remain at 

room temperature. 

 

 Purpose of CSF Analysis  

The purpose of a CSF analysis is to diagnose medical disorders that 

affect the central nervous system. Some of these conditions include:  

1. Viral and bacterial infections, such as meningitis and encephalitis . 

2. Tumors or cancers of the nervous system. 

3. Bleeding (hemorrhage) around the brain and spinal cord. 
 

I- Macroscopic examination 
 

Total volume 

 In adult, CSF volume is 90-150 ml. 

 In neonates, CSF volume is 10 -60 ml. 

Distribution 

 20 ml in the ventricles. 

 60 ml in the subarachnoid space. 

 70 ml in the spinal canal. 

 

Appearance 
Normal CSF is crystal clear and the consistency of water. The major 

terminology used to describe CSF appearance includes crystal clear, cloudy or 

turbid, milky, xanthochromic, and bloody. 

 

Cloudy, turbid or milky: 

May be caused by WBCs (over 200 cells/µl), RBCs (over 400 cells/µl), 

microorganisms (bacteria, fungi, amebas), contrast media, 

aspiration of epidural fat during lumber puncture, or radiographic 

contrast media. 

 

Xanthochromic:  
Xanthochromia is a term used to describe CSF supernatant that is pink, orange 

or yellow. It may be caused by the following: 

1. Oxyhemoglobin: from lysed RBCs present in CSF before lumber puncture, 

or traumatic tap with lysis of RBCs after lumber puncture. 
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2. Bilirubin from lysed RBCs in CSF, or increased direct bilirubin with 

normal blood-brain barrier, or in premature infants an immature blood-CSF 

barrier plus elevated total Bilirubin. 

3. CSF protein levels over 150 mg/dl or traumatic tap with sufficient plasma 

concentration to produce protein concentration over 150 mg/dl. 

4. Contamination of CSF by Merthiolate used to disinfect the skin. 

5. Carotenoids in CSF due to systemic hypercharotenemia 

6. Melanin in CSF due to meningeal melanosarcoma. 

 

Bloody:  

Grossly bloody CSF can be an indication of subarachnoid 

hemorrhage, but it also may be due to the puncture of a blood vessel 

during the spinal tap procedure. We can differentiate between both 

by: 

1. Uneven distribution of blood: Traumatic tap often shows significant 

clearing of blood between the first and third tubes. 

2. Centrifugation: Traumatic tap often shows significant clear 

supernatant after centrifugation. 

3. Clot formation: Fluid collected from traumatic tap may form clots 

due to the introduction of plasma fibrinogen into the specimen. 

4. The presence of erythrophagia in blood film of subarachnoid 

hemorrhage. 

5. Xanthochromic supernatant: intracranial hemorrhage is associated 

with small Xanthochromia caused by release of Hb from hemolysed 

RBCs. Care should be taken, however to consider this examination 

in conjunction with those previously discussed, because a very 

recent hemorrhage would produce a clear supernatant, and 

introduction of serum protein from a traumatic tap could also cause 

the fluid to appear xanthochromic. 

 

  Specific gravity:        1.006 – 1.008 

 

  pH                   :           Alkaline 

 

 Spontaneous clotting  

Clotting occurs when there is an excess of fibrinogen in the specimen, usually 

associated with a very high protein concentration. This finding occurs classically 

in association with tuberculous meningitis or with tumors in CNS.  
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II- Microscopic examination 
 

 CSF cell count 

 The cell count that is routinely performed on CSF specimen is the 

WBC's count.  

 NOTE: Cell counts should be done within 30 minutes after 

withdrawal of the specimen to avoid cell disintegration. Specimen that 

can't be analyzed immediately should be refrigerated.  

 Normal adult CSF contains 0 to 5 WBC's /µl. the number is higher in 

children and as many as  30 WBC's /µl can be consider normal in 

newborns.    

 

 Materials 

Diluting Fluid 

Crystal Violet, 0.2 gm  

Glacial Acetic Acid, 10 ml  

Distilled Water, 100 ml  

 

 Procedure 

 (Clear specimen is counted undiluted while the dilution is for the turbid one)  

1. Mix specimen thoroughly by gentle inversion.  

2. Draw the diluting fluid to the 1.0 mark of a white cell diluting pipette.  

3. Draw the well-mixed sample of CSF to the 11.0 mark of the pipette.  

4. Mix well, about 1 minute.  

5. Discard approximately 1/3 of the fluid and charge the haemocytometer.  

6. Allow to sit undisturbed for a few minutes in order for cells to settle.  

7. Count all the cells in the entire ruled area (9 mm2) under low power for the 

total WBC count. 

8.  Calculation: as in WBC's total count. 

 

 Differential cell count: 

The differential count should be performed on stained smear and not from the 

cells in the counting chamber, 100 cells should be counted, classified, and 

reported in term of % (sample should be centrifuged, then sediment is used to 

make smear) 
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Differential Adult Neonates 

Lymphocyte 34 - 62 % 18 - 20 % 

Neut. 2 - 5 % 3 - 5 % 

Mono. 20 - 36 % 22 - 72 % 

Eosinphil Rare Rare 

 

 

Causes for increased Neutrophils in CSF 

1. Meningitis: 

a. Bacterial meningitis. 

b. Amebic encephalomyelitis. 

2. Other infections: 

a. Cerebral abscess. 

b. Subdural empyema. 

3. Following CNS hemorrhage: 

a. Subarachnoid hemorrhage. 

b. Intracerebral hemorrhage. 

 

 Causes for increased Lymphocytes in CSF 

1. Meningitis: 

a. Viral meningitis. 

b. Syphilitic meningoencephalitis. 

c. Tuberculous meningitis. 

d. Fungal meningitis. 

2. Other inflammatory conditions. 

 Causes for increased Eosinophil in CSF 

1. Parasitic infestations. 

2. Fungal infection.    

3.  Rickettsial meningitis. 

Increased number of Monocytes 
Usually occurs as part of a "mixed reaction"  

 With Neutrophil, lymphocytes, and plasma cells : In Tuberculous 

meningitis, Fungal meningitis, chronic bacterial meningitis 

 Without  Neutrophil: In viral meningoencephalitis and  Syphilitic 

meningoencephalitis 

 

 

 

 

 

 

 



 55 

 Results of macroscopic and microscopic examination 

 

Macroscopic examination 

 Volume 

 Color 

 Turbidity 

 Reaction 

 Clot formation 

Microscopic examination 

 RBCs  

 WBCs total 

 Neutrophile 

 Lymphocyte 

 Monocyte 

 Eosinophile 

 Basophile 

 Others 

 

 

Comments 

--------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------- 

 

III- Biochemical estimation 
 

 CSF is formed by filtration of the plasma, one would expect to find 

the same chemicals in the CSF as are found in the plasma.  

 This is essentially true; however, because the filtration process is 

selective and the chemical composition is also adjusted by the 

blood-brain barrier, normal values of CSF chemicals are not the 

same as the plasma values.  

 Abnormal values are the result of alteration in the permeability of 

the blood-brain barrier or increased production or metabolism by 

the neural cells in response to a pathologic condition, and they 

seldom have the same diagnostic significance as plasma 

abnormalities.  
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  Proteins: 

 The most frequently performed chemical test on CSF is the protein 

determination. Normal CSF contains a very small amount of 

protein.  

 Normal CSF protein concentration (mg/dl) is less than 1% of 

serum protein concentration (g/dl) and usually listed as 15 to 45 

mg/dl with slightly higher values found in infants and elderly 

people. 

 Clinical significance of elevated protein: Marked elevated CSF 

protein is found in the following pathologic conditions, * 

*Cerebral Tumors* Meningitis. 

 A rise in CSF protein is seen in various diseases as a result of three 

primary mechanisms: 

1. Decreased clearance of normal protein from the fluid and degeneration of 

neural tissue. 

2. Increased local synthesis of immunoglobulin.  

3. Increased capillary permeability due to the blood-brain barrier damage.  

 

The IgG-albumin index  

The IgG-albumin index can be used to distinguish diseases affecting 

permeability (meningitis, cerebral infarctions, tumors of the brain or spin) 

from diseases resulting in increased immunoglobulin (usually IgG) 

synthesis (multiple sclerosis) and some inflammatory diseases  

Normal range for this index has been proposed to be 0.34-0.58. 

 Increased in diseases associated with increased IgG production 

 Deceased in diseases affecting CSF permeability because of increased CSF 

albumin concentration.  

 Of course some disorders can affect both CSF IgG concentration and blood 

permeability. 

 The IgG-albumin index = (CSF IgG/Serum IgG) / (CSF albumin/Serum 

albumin) 

 

Principle for protein measurement in CSF 

 Serum protein and other body fluids which contain high protein 

concentration (in g\dl) are measured by Biuret method. 

 CSF and urine have very low concentration of protein (in mg\dl), hence 

Biuret method insensitive for this trace value of protein. 

 Turbidometric method is used for this purpose which depends on the 

ability of trichloroacetic acid (TCA) (3% w\v) to precipitate protein in the 

sample, then the degree of turbidity is measured at 415 nm which will 

correlate with the concentration of protein in the CSF sample.  
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Procedure for protein measurement in CSF 

 Use 3 tubes for the blank and standard and test 

 Add 1 ml of 3% TCA to each one. 

 Add 20 µl of distilled water, protein standard and the sample to the 

three tube respectively. 

 Incubate 3 minutes and read at 415 nm the three tubes respectively 

 Calculate by the formula 

Concentration of sample = abs. sample / abs. standard x conc. St. 

 Glucose       

 Glucose enters the CSF by active transport across the blood-brain 

barrier. The CSF glucose concentration is slightly lower than that 

plasma and usually between 60 – 70 % of plasma glucose 

concentration.  

 The blood glucose sample is needed for comparison. Ideally the 

blood glucose sample should be drowning at least 30 min. before 

the lumber puncture to allow time for equilibrium between the 

blood and the fluid.  

 

 Clinical significance:  

 Low CSF glucose values can be of considerable diagnostic value 

in determining the causative agents in meningitis.  

 The finding of markedly decreased CSF glucose accompanied by: 

1. An increased WBC's count and a large percentage of Neutrophil is most 

indicative of bacterial meningitis.  

2. WBC's count and a large percentage of Lymphocytes is most indicative 

of tubercular meningitis. 

 

Remark: 

Decreased glucose values are thought to be caused primarily by alterations in 

the mechanism of glucose transport across the blood-brain barrier and by 

increased utilization of glucose by the brain cells. Consumption of glucose 

by the microorganisms and leukocytes that are present in the fluid could not 

account for such decreased values as it would not be possible to explain the 

variations in glucose concentrations seen in different types of meningitis. 

 

 CSF Lactate  

Normal Level (11-22 mg\dl) 
 

  Levels _35 mg/dL are seen in patients with bacterial meningitis. 

 Levels _25 mg/dL are found in patients with tubercular and fungal 

meningitis. 

 Lower levels are seen in patients with viral meningitis. 
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Chemicals in CSF 
 

 Glucose 60 – 70 % of plasma glucose (45-75 mg/dl) 

 Protein 15 – 45 mg/dl 

 Creatinine 0.6 – 1.2 mg/dl 

 BUN 6 – 15 mg/dl 

 Ca++ 4 – 6 mg/dl 

 Chloride 710 – 750 mg/dl 

 Lactic acid 10 – 22 mg/dl 

 Bilirubin Nil 

 RBCs count 0 – 10 cells/µl 

 WBCs count 0 – 5 cells/µl 

 

 

 Results and calculation of biochemical tests 

 
Glucose  

 

Protein  
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IV- Microbiological examination 
 

 Stain & Culture: 

If infection is suspected, the centrifuged CSF sediment is stained for bacteria 

 Acid-fast for TB, or immunofluorescence staining, for Cryptococcus 

sp (India ink).  

 Larger amounts of fluid (10 mL) improve the chances of detecting 

the pathogen, especially acid-fast bacilli and certain fungi in stains 

and culture.  

 CSF should be cultured aerobically and anaerobically and for acid-

fast bacilli and fungi.  

 Latex particle agglutination and coagglutination tests are used to 

rapidly identify bacteria, especially when stains and cultures are 

negative (e.g., in partially treated meningitis). 

 

 Serological examination: 

Except for enteroviruses, viruses are seldom isolated from the CSF. Viral 

antibody panels are commercially available. Venereal Disease Research 

Laboratories (VDRL) testing and cryptococcal antigen testing are often 

routinely performed 

Summary 

Cause Appearance Nutrophil Lymphocyte Protein Glucose 

bacterial 

meningitis 

Yellowish, 

turbid 

Markedly 

increase 

Slightly increase 

or Normal 

Slightly 

increase or 

Normal 

Decrease 

Viral 

meningitis 
Clear fluid 

Slightly 

increase or 

Normal 

Markedly 

increase 

Markedly 

increase 
Normal 

Tuberculous 

meningitis 

Yellowish and 

viscous 

Slightly 

increase or 

Normal 

Markedly 

increase 

Slightly 

increase or 

Normal 

Decrease 

Fungal 

meningitis 

Yellowish and 

viscous 

Slightly 

increase or 

Normal 

Markedly 

increase 

Slightly 

increase or 

Normal 

Normal or 

decrease 
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Lab7, 8- Synovial Fluid analysis 

 Objectives 

Upon completion of this chapter, the student will be able to: 

 Describe the formation and function of synovial fluid. 

 Relate laboratory test results to the four common classifications of joint 

disorders. 

 State the diagnostic tests performed on synovial fluid. 

 Determine the appropriate collection tubes for requested laboratory tests 

on synovial fluid. 

 Describe the appearance of synovial fluid in normal and abnormal states. 

 Discuss the normal and abnormal cellular composition of synovial fluid 

 List and describe six crystals found in synovial fluid. 

 State the clinical significance of biochemical tests on synovial fluid. 

 Describe the relationship of serologic testing of serum to joint disorders. 

 Introduction 

Alternative names: Joint fluid analysis; Joint fluid aspiration  

Definition  

Synovial fluid is viscous colorless liquid that found in the joint cavities. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Formation of synovial fluid  

It is formed as an ultrafiltrate of the plasma across the synovial membrane 

into which a mucopolysacharide containing hyaluronic acid and small 
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amount of protein (low molecular weight proteins) is secreted by the cells of 

synovial membrane. Except for high molecular weight proteins (more than 

12 kilo Dalton in size), the plasma filtration is non-selective; therefore, 

normal synovial fluid has essentially the same chemical composition as the 

plasma. 

 

 Function of synovial fluid 

1. Lubricate the joint space; as a lubricant to the surfaces of the frequently 

moving joints.  

2. Supplies nutrients to particular cartilage; as nutrition must be provided by 

moving synovial fluid in and out of the cartilage, it may be clear that joint 

movement is essential to cartilage nutrition and maintenance. 

3. Shock absorber; our cartilage, immersed in the synovial fluid, protects our 

bones from the tremendous impact they would receive when we walk, run, 

jump, etc. This fluid also has remarkable properties as a shock absorbing, 

or hydraulic fluid 

 

 Why the test is performed  

To diagnose certain types of arthritis and inflammatory joint diseases, and 

relieve pain and distention from fluid the cause of swelling in the 

accumulation in the joint. 

 

 Types of joints disorders 

1. Non-inflammatory 

 Degenerative joint disorders 

2. Inflammatory  
 Rheumatoid arthritis 

 Lupus  erythematosus 

 Rheumatic fever 

 Crystal-induced gout  

3. Septic Microbial infection 

4. Hemorrhagic  
 Traumatic injury 

 Tumors  

 Hemophilia and other coagulation disorders 

 

 Sample collection (Arthrocentesis ) 

 The Fluid is collected by a physician by means of needle aspiration of the 

knee called arthrocentesis. 

 Arthrocentesis (removal of SF from a joint) done when patient presents 

with effusion  

 The normal amount of fluid contained in the knee cavity is less than 3.5 

ml and increased in joint disorders.  

http://www.medmedia.com/oa4/21.htm
http://your.chwhealth.org/mhc/top/001243.cfm
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 Fluid from syringe is divided into 3 tubes:  

1. 2-5 ml in EDTA tube for cell count, crystal exam.(Liquid EDTA or 

Na heparin may be used while powdered EDTA  and lithium heparin 

should be avoided as anticoagulant). 

2. 5-10 ml in plain sterile tube for microbiology (culture and 

stain). 

3. Plane tube for Chem. and Immunologic tests.  

Gross (macroscopic) examination 

 Total volume:   

The total volume collected recorded on each time. 

 

 Viscosity:   

 Normal synovial fluid is highly viscous due to the polymerization of the 

hyaluronic acid, which is essential for the proper lubrication of joints  

 Joint fluid is aspirated into a pipette and then released .If the falling drop of 

joint is drawn out into a 4 to 6 cm long or longer tenacious band the 

viscosity is normal .If the drop falls like water, the viscosity is low. 

 

Decrease synovial fluid viscosity is usually associated with: 

i) Depolymerization of hyaluronate complex which present in the following 

conditions: 

1. Rheumatoid arthritis. 

2. septic arthritis. 

3. gout. 

ii) Dilution of hyaluronate complex or even decrease production due to rabid 

effusion which take place in truma    

 

The mucin clot formation test 

 Principle: 

Mucin (a hyaluronic acid –protein complex) is precipitated by acetic acid 

the morphology of the precipitated is a reflection of the hyaluronic acid 

content and quality of the joint fluid. 

 



 63 

 Reagent: 

Acetic acid, 7N: Mix 408 ml glacial acetic acid and 1 L distilled water. 

 Procedure: 

Add 1 ml joint fluid to 4 ml distilled water in a test tube. Then add 0.14 

ml of 7N Acetic acid and stir briskly with a glass rod. Examine 

immediately and after 2 hr. 

 

 Interpretation: 

If a hyaluronic acid is normal, a tight ropy mass forms in a clear solution, 

indicating “good “mucin. “Fair” mucin is indicated by a softer in a turbid 

solution precipitated that shreds into the solution. ”poor” precipitated 

consists of shreds 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 Clot formation:  

Because of lack of fibrinogen and other clotting factors, normal 

joint fluid not clots. Inflammatory processes allow the plasma 

clotting factors to escape into the joint fluid, which then clot. 

 

 

 Color and Transparency  

1. Color: Normal SF is pale yellow 

Abnormal colors:  

 Dark red or dark brown (bloody) {hemarthrosis} may due to: 

1. fracture through the joint surface 

2. tumor involving the joint 

3. traumatic arthritis 

4. hemophilic arthritis  
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Traumatic tap may be identified by uneven distribution of blood which 

may appear as streak in the syringe    

 Deeper yellow or Green tinge:  

1. Bacterial infection. 

2. Chronic rheumatoid arthritis.  

 Xanthochromia which is difficult to be evaluated owing to the yellow 

color of synovial fluid, hence any color is usually due to hemarthrosis.   

 Milky: 

1. gouty arthritis 

2. tuberculous arthritis 

3. calcium hydroxyapatite crystals  

   

2. Transparency: Normal = crystal clear  

 Turbid: leukocytosis (more than 200 cell/µl). 

 Cloudy Milky, fatty:  

o Cholesterol crystals. 

o Fibrin. 

o Degenerative synovial cells that gives free floating tissue 

aggregates. 

 

Microscopic Examination 

 

Cell count and differential 

 Reagent and procedure  

 The white cell counting technique is used, but isotonic saline 

solution (ex. 0.3 saline, 0.1 HCL, 1% saponin in saline) is 

substituted the usual acetic acid since the latter precipitates the 

hyaluronic acid –protein complex and that lead to WBCs clumping 

due to mucin clot.  

 The cell count should be completed immediately to prevent 

spontaneous clumping of leukocytes.  

 Degeneration of leukocytes begin one hour after sample collection 

 If the fluid is highly viscous it must be incubate at 37 Co with 

hyaluronidase enzyme 0.05% for 5 min.    

 Normal value: 200WBCs/µl.  

 RBCs usually present in very low numbers but may be present 

because of trauma of aspiration. 

 Differential cells count:  

Mononuclear cells including Monocytes, lymphocytes, macrophage and 

synovial tissue cells are the primary cells in the normal synovial fluid  

Polymorphnuclear cells   0-25% (mean=6%) 
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Lymphocytes              0-78% (mean=25%) 

Monocytes                         0-71% (mean=48%) 

Macrophages     0-26% (mean=10%) 

 
Cells seen in synovial fluid 

 

Cell  Description  significance shape 

1. Neutrophil Polymorphonuclea

r leukocyte 

 

indicate septic 

inflammation > 80% 

1. Bacterial arthritis 

 

 
2. Lymphocyte Mononuclear 

leukocyte 

 

indicate non septic 

inflammation 

1. Viral infection  

2. Rheumatoid 

arthritis in which 

lymphocytes may 

be found. 

 

 

3. Eosinophile  leukocyte Increased No. of 

eosinophile > 2 % 

1. Metastatic 

carcinoma in 

the synovium. 

   
3. Macrophage 

(monocyte) 

 

Large mononuclear 

leukocyte, may be 

vacuolated 

 

1. Normal 

2. Viral infections 

 
4. Synovial 

lining cell 

 

Similar to 

macrophage, but 

may be 

multinucleated 

Normal  
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5. LE cell 

 

Neutrophil 

containing 

characteristic 

ingested: “round 

body” 

 

Lupus 

erythematosus 

 

6. Reiter cell 

 

Vacuolated 

macrophage with 

ingested 

neutrophils 

1. Reiter 

syndrome 

2. Nonspecific 

inflammation 

 

7. RA cell 

(ragocyte) 

 

Neutrophil with 

dark cytoplasmic 

granules 

containing immune 

complexes 

 

Immunologic 

inflammation 

 

8. Cartilage 

cells 

Large, 

multinucleated 

cells 

Osteoarthritis  

9. Rice bodies 

 

Macroscopically 

resemble polished 

rice 

Microscopically 

show collagen and 

fibrin 

1. Tuberculosis 

2. Septic  

3. Rheumatoid 

arthritis 

 

10. Fat droplets 

 

Refractile intracellular 

and extracellular 

globules 

Stain with Sudan dyes 

 

1. Traumatic injury 

2. Chronic inflammation 

 

 

 Wet preparation: 

No crystals  

No rheumatoid arthritis cells 

No cartilage fibers 

No bacteria 

 Crystals that may be found: 

 Crystals indicate the presence of crystal induced arthritis.  

 Test must be performed at the collection time because crystals are 

affected by pH, temperature, as refrigeration of sample will 

increase MSU.  
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Two types of crystals may be found 

 Endogenous crystals: 

1. Monosodium urate (uric acid) MSU, needle like seen in gout 

2. Calcium pyrophosphate dehydrate (CPPD), seen in pseudogout 

they are needles, plates or rod-like rhomboid 

3. Cholesterol, flat rectangular notched plate 

4. Apatite =small needles 

5. Calcium oxalate envelop shape 

 Exogenous crystals: 
1. Gloves powder 

2. Corticosteroids 

Crystals that may be found in the synovial fluid 

 

 

 

Chemical examination 

 

Because SF is chemically an ultrafiltrate of plasma, chemistry tests values are 

approximately the same as serum values  

 

 Glucose: 

 Normal value: 0-10% lower than glucose plasma or serum level, because 

equilibration is slow, hence test must performed after at least 6 hrs of 

fasting 
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 Because the joint fluid glucose equilibrates with blood glucose, whenever 

the Joint fluid glucose is assayed the blood glucose level should also be  

determined. 

 In inflammatory joint disease ex: rheumatoid arthritis, the synovial 

glucose level is about 60%of that in plasma and in septic arthritis it drops 

to 40% of the plasma concentration.  

 

 Total protein: 1.07-2.13g\dl (nearly 1/3-1/2 that of plasma) 

 The normal proteins of plasma also enter synovial fluid by passive 

diffusion.  

 In contrast to small molecules, however, protein concentrations remain 

substantially less in synovial fluid than in plasma. In aspirates from 

normal knees, the total protein was only 1.3 g/dl, a value roughly 20% of 

that in normal plasma.  

 Protein concentration greater than 3.0g/dl may be due to increased 

permeability and immunoglobulin synthesis in the following cases: 

1. Rheumatoid arthritis.   

2. Gout. 

3. Septic arthritis. 

 

 Uric acid  

 Crystals of uric acid usually accumulate in the synovial fluid of 

hyperuricemic patients during the intercurrent periods between attacks of 

gout. 

 They usually result from either, overproduction of uric acid or under 

excretion by the kidney.  

 Serum uric acid levels are generally not helpful in acute attacks and may 

be normal. However, when levels are chronically greater than 10 mg/dl, 

the chance of an acute attack is >90  

 

 Alkaline phosphatase 

o Increased in most cases of arthritis 

 

 Microbiologic exam  

Gram stain and culture  

 

 Serological exam 

 Because of the association of the immune system to the inflammation 

process, serologic testing plays an important role in the diagnosis of joint 

disorders.  
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 However, the majority of the tests are performed on serum, with actual 

analysis of the synovial fluid serving as a confirmatory measure in cases 

that are difficult to diagnose.  

 The autoimmune diseases rheumatoid arthritis and lupus erythematosus 

cause very serious inflammation of the joints and are diagnosed in the 

serology laboratory by demonstrating the presence of their particular 

autoantibodies in the patient’s serum.  

 These same antibodies can also be demonstrated in the synovial fluid, if 

necessary. 

o RF Rheumatoid factor (RF)is found in synovial fluid of about 60% of 

RA patients, usually at a titer equal to or slightly lower than that of 

serum.  

o ANA The antinuclear antibody (ANA) test is used as a primary test to 

help evaluate a person for autoimmune disorders that affect many 

tissues and organs throughout the body (systemic) and is most often 

used as one of the tests to help diagnose systemic lupus erythematosus 

(SLE). 

 Results 

 

Volume   

Color  

Clarity  

Viscosity  

Leukocyte total count  

Neutr.  

Lymph  

Mono  

Eosino  

Glucose  

Protein  

Alkaline phosphatase  

LDH  

Uric acid  

 Comments 

---------------------------------------------------------------------------

--------------------------------------------------------------------------

--------------------------------------------------------------------------

-------------------------------------------------------------------------- 

https://labtestsonline.org/understanding/conditions/autoimmune
https://labtestsonline.org/glossary/systemic/
https://labtestsonline.org/understanding/conditions/lupus
https://labtestsonline.org/understanding/conditions/lupus
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 Summery 

Laboratory finding in joint disorders 
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Lab 9, 10- Seminal fluid analysis 
 

 Objectives 

Upon completion of this chapter, the student will be able to: 

 State the structures involved in sperm production and their function. 

 Describe the four components of semen with regard to source and 

function. 

 Describe the normal appearance of semen and the abnormalities in 

appearance. 

 State possible causes of low semen volume. 

 Discuss the significance of semen liquefaction and viscosity. 

 Calculate a sperm concentration and count when provided with the 

number of sperm counted, the dilution, the area of the counting 

chamber used, and the ejaculate volume. 

 Describe the appearance of normal sperm, including structures and 

their functions. 

 Given an abnormal result in the routine semen analysis, determine 

additional tests that might be performed. 

 Describe the routinely used methods for detection of antisperm 

antibodies. 

 

 Introduction 
 A semen analysis measures the amount of semen a man produces and 

determines the number and quality of sperm in the semen sample. 

 A semen analysis is usually one of the first tests done to help determine 

whether a man has a problem fathering a child (infertility). A problem 

with the semen or sperm affects more than one-third of the couples who 

are unable to have children (infertile). 

 

Purpose of seminal fluid analysis 

There are basically four indications for the examination of seminal fluid: 

1. The investigation of fertility: male infertility is primarily responsible 

in 30%-50% of infertile marriages. 

2. To determine the effectiveness of vasectomy. 

3. To determine the suitability of semen for artificial insemination. 

4. Medico legal: testes to detect semen are frequently requested in 

alleged rape or in association with other sexual crimes of violence. 

 

 

http://www.webmd.com/hw-popup/spermatozoa


 72 

Fluid Fractions  

 

1. Bulbourethral & Urethral glands (2-5%) are very small mucus 

secreting glands,  add alkaline mucus to neutralize prostatic acid and 

vaginal acidity 

2. Prostate: (produce about 13-33 % of the fluid volume of semen) Prostate 

glands secretion is a milky, alkaline fluid that plays a role in activating 

sperm, the secretion contains acid phosphatase and proteolytic enzymes 

that act on the fluid from the seminal vesicles, resulting in the coagulation 

and liquefaction of the semen. 

3. Seminal vesicles (produce about 46-80 % of the fluid volume of semen) 

Viscous, yellowish secretion is rich in fructose, vitamin C, prostaglandin, 

and other substances, which nourish and activate the sperm passing 

through the tract. This component has high flavin content, which is 

largely responsible for the fluorescence of semen. 

4. Testis & Epididymis: (5%) Spermatozoa are produced in the testis under 

the influence of testosterone, and then the epididymis (is the first part of 

the duct system) provides a temporary storage site for the immature 

sperm that enter it from testis. This fraction still in the inactive form until 

ejaculation due to the high content of carnitine, glyceryle-

phosphorylcholine and diminished oxygen supply.   

 The sperm within the semen are the cells that actually fertilize the egg and 

are therefore the most important to assess. However, the sperm account for 

only 1-2 % of the seminal fluid volume. Problems with the surrounding fluid 

may also interfere with the movement and function of the sperm. Therefore, 

both the sperm and the fluid must be tested. 

 

Coagulation and liquefaction  

Coagulation and subsequent liquefaction are believed to be three stage 

processes:  

1. Coagulation results from the actions of a prostatic clotting enzyme on a 

fibrinogen-like precursor formed by the seminal vesicles. 

2. Liquefaction is initiated by enzymes of prostatic origin.     

3. The protein fragments are degraded further to free amino acids and 

ammonia by the action of several poorly characterized proteolytic 

enzymes, including an amino peptidase and pepsin. Clearly, a semen 

analysis should not be performed immediately following sample 

production. The sample should be mixed well in the original container 

by swirling for several seconds prior to removing the lid. Do not invert 

the container. 
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 Specimen collection: 

 Specimen should be collected into pre warmed (21oC), sterile, non-toxic, 

wide-mouth container, after a couple has abstained from sexual activity 

for 2-3 days.  

 Verbal and written instructions should be given to the patient to ensure 

appropriate collection & delivery of semen sample to the laboratory. 

Ideally the sample should be collected in a room set aside for this purpose 

at the clinic laboratory in order to reduce ejaculation-analysis interval but 

this is not always possible. 

 The patient should be advised to urinate and then wash and dry his hands 

and genitals thoroughly prior to ejaculation to avoid bacterial 

contamination. It is important to note that contamination of the semen 

sample with either soap or water may adversely affect sperm quality.  

 

 Methods of collection:  

1. Masturbation (the method of choice for all seminal fluid tests) 

2. The use of condom: it is not recommended for fertility testing 

because the condoms may contain spermicidal agents (used to 

determine the effectiveness of vasectomy). 

3. By coitus interrupts (withdrawal method): the sample may be 

mistimed and part of the ejaculate may thus be lost.       

 

 The sample should be clearly labeled with:  
1. the patient's name  

2. ID or clinic number (if available) 

3. Date and time of sample collection . 

 The following should be recorded on the laboratory analysis form: 

1. The period of abstinence (in days).  

2. If sample collection was complete or incomplete. 

3. The time interval from collection to analysis. 

 The sample should be transported upright, at body temperature if possible, 

and should be delivered to laboratory as soon as possible after collection and 

certainly within one hour of ejaculation. If the sample is cold on receipt, this 

should be noted in laboratory records. Patients should be advised not to 

expose the sample to extremes of temperature. 

 

Examination of seminal fluid 
 

When evaluating semen specimens in cases of infertility, the following 

parameters are routinely measured: volume, viscosity, pH, sperm count 

(concentration), motility, and morphology.  
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Macroscopic examination 

 After ejaculation, the seminal secretions form a coagulum, which gradually 

liquefies 10-20 min. In most cases, the semen sample should become fully 

liquefied within 60 minutes of production.  

 Once liquefaction is complete then the physical appearance of the sample 

should be recorded in the laboratory records. If liquefaction does not occur 

then this abnormality should be noted. 

 

Viscosity of the ejaculate: 

 Estimate the viscosity of the semen by aspirating the semen into the 

measuring pipette and allowing the semen to drop by gravity and will not 

appear clumped. Observe the length of the thread. With excessively 

viscous samples, thorough mixing can be difficult and accurate estimation 

of sperm concentration and Normal droplets form a thin thread when 

released from the pipette.  

 Droplets with threads longer that 2 centimeters are considered highly 

viscous.  

 Ratings of 0 (watery) to 4 (gel-like) can be assigned to the viscosity 

report. 

 Viscosity can also be reported as low, normal, and high.  

 Increased viscosity and incomplete liquefaction impede sperm motility. 

 

Volume: 

 This is a measurement of the volume of the ejaculate. Normal is (2-5 

milliliters). Using either a graduated cylinder with a conical base or a 

disposable wide- mouthed pipette (accurate to 0.1ml) measure the 

ejaculate volume to the nearest 0.1ml.  

 Excessively small or large volumes are important in the transport of 

semen within the female reproductive tract and should be noted.  

 The volume may be low if a man is anxious when producing a specimen, 

if all of the specimen is not caught in the collection container, or if there 

are hormonal abnormalities or ductal blockages. 

 

Color of seminal fluid: 

Semen is normally a gray-yellow opalescent fluid. Its opacity is due to the 

most part, to its high protein content but is of course also produced by the 

many millions of spermatozoa as well as the cellular debris that is normally 

suspended within it. 

 

PH: 

The normal pH of semen is slightly alkaline (7.2- 8.0) but increases with 

time. 
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Microscopic examination 
 

1- Concentration (sometimes referred to as the "count")  

 This is a measurement of how many million sperm there are in each 

milliliter of fluid. 

 There are various techniques for obtaining this number - some prove to be 

more accurate than others are. 

 Average sperm concentration is more than 60 million per milliliter (60-

150 million/ml).  

 Counts of less than 20 million per milliliter (<20 million/ml) are 

considered sub-fertile. 

 

Several terms are used to describe both sperm concentration and sperm 

count: 

 Azoospermia describe a total absence of spermatozoa in semen. 

(After centrifuge sperm count is zero/HPF). 

 Oligozoospermia refers to a reduced number of spermatozoa in 

semen and is usually used to describe a sperm concentration of less 

than 20 million/ml. Sperm count 5-10 sperm/HPF. 

 Severe oligospermia, sperm count 1-2 sperm/HPF.  

 Polyzoospermia denotes an increased number of spermatozoa in 

semen and is usually refers to a sperm concentration in excess of 350 

million/ml. 

 

 Methods of measuring sperm concentration 
 

A) By using hemacytometer 

 The sperm count is performed in the same manner as blood and CSF 

counts; that is by diluting the specimen and counting the spermatozoa in 

a neubauer chamber.  

 Sperm can be counted by make dilution 1:20 in WBC pipette or by 

automatic pipette (which is more accurate) with a solution containing 

sodium bicarbonate (5g) and formalin (1ml) (immobilize & preserve the 

spermatozoa), tap water (100 ml) will suffice as a diluent.  

 The sperm should then be counted - do not count headless or "pin-heads" 

sperm and do not count tailless heads.  

 Traditionally, the sperm concentration is expressed in millions per 

milliliter (x106/ml) of semen and the total sperm/ejaculate is reported in 

millions (x106) per ejaculate. 

Calculations 
1. Using a 1:20 dilution and two large WBC’s squares counted 

        The sperm concentration/ml = No of sperms counted x 100,000   
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2. Using a 1:20 dilution and five small RBC’s squares counted 

         The sperm concentration /ml = No of sperms counted x 1,000,000    

B) Direct smear 

 

The application of a drop of well-mixed semen to a clean glass slide under a 

lightly applied glass coverslip will allow visualization of the sperm in a 

specimen of semen.  

 

2- Motility (sometimes referred to as the "mobility") 

This describes the percentage of sperm, which are moving. 50% or more of 

the sperm should be moving. In order to achieve fertilization, a sperm must 

not only be able to move but be capable of movement that results in forward 

progression is often also known as progressive activity. 

 

 

 

 

 

 

 

 

 

 

 

 

     

 There are four classifications of motility 

1. Rapid progressive motility - the sperm are moving swiftly across 

the field usually in a straight line 

2. Slow or sluggish progressive motility - the sperm may be less 

linear in their progression 

3. Non-progressive motility - sperm are also described as twitching 

or shaking 

4. Immotility - sperm do not move at all. 

 

o Eosin stain is used to differentiate live (unstained) and dead (stained) 

spermatozoa.  
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 Other cells in semen 

 The presence of other cell types in human semen other than spermatozoa 

are common and include: 

1. leukocytes normally (1-4/HPF), increase number (leukocytospermia) 

indicates reproductive tract infection 

2. Epithelial cells normally (1-2/HPF)   

3. Spermatocytes (Immature germ cells) 1-2/HPF. 

4. Erythrocytes (1-2/HPF). Increased number may indicate a reproductive 

tract infection or damage to a small capillary during sample production.  

5. Bacteria and protozoan such as Trichomonas vaginalis are uncommon in 

human semen but their presence is indicative of possible male 

reproductive tract infection and should be reported to the referring doctor 

for further evaluation. 

3- Agglutination 

 The presence of agglutination should be recorded as this may indicate 

immunological infertility. Assess the spermatozoa in 10 random fields - 

estimate the average percentage of spermatozoa clumped together to the 

nearest 5%. 

 Only count motile sperm attached to other motile sperm - do not assess 

immotile sperm stuck together or motile sperm adhering to mucus 

threads, other cells or debris , this is non-specific aggregation. 

 

4- Morphology  
 

 This describes the shape of the sperm. The sperm are examined under a 

microscope and must meet specific sets of criteria for several sperm 

characteristics in order to be considered normal. Most commercial 

laboratories will report WHO morphology (i.e. use World Health 

Organization criterion). 70% of the sperm should be normal by these 

criteria. 

 Generally accepted that a high incidence of morphologically abnormal 

spermatozoa in a semen sample is associated with reduced fertility. 

 Human sperm can be visualized using bright field microscopy on fixed, 

stained specimens. 

 Examples of fixed stained preparations (Papanicolaou stain, Vital staining 

with eosin/nigrosin, giemsa stain).  

 Normal spermatozoa should have an oval shaped head (4-5.5µm long and 

2.5-3.5µm wide).  

 The midpiece should be cylindrical (3-5µm long and 1.0µm wide).  
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 The tail should also be cylindrical (45-50µm long and 0.5µm wide) with 

a narrower terminal segment (4-6µm long).  

 There should be no head, midpiece or tail defects, and no cytoplasmic 

droplet more than one-third the size of a normal sperm head. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 Defects to be scored 

  

a) Head shape/size defects - such as large, small, tapering, pinhead form, 

amorphous, vacuolated, multiple heads or any combination of these. 

b) Neck and midpiece defects - such as non-inserted or bent tail, distended, 

irregular / bent midpiece, thin midpiece (no mitochondrial sheath), absent 

tail (free or loose heads) or any combination of these. 

c) Tail defects - such as short, multiple, hairpin, broken, irregular width, 

coiled tails, tails with terminal droplets or any combination of these. 

d) Cytoplasmic droplets - greater than one-third the size of a normal sperm 

head. 
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Each spermatozoa is scored as either normal or abnormal with each of the 

defects being tallied separately. If a majority of the cells have a particular 

morphological defect this should also be noted. 

In stained preparations 100-200 sperm should be scored using a x100 oil-

immersion bright field objective.  

 

Note:  

Normal semen and sperm qualities according to the World Health Organization 

are: 

 There should be at least 20 million sperms per ml for fertility 

 The total volume of semen should be at least 2ml 

 Per ejaculate at least 40 million sperms should be present 

 At least 30 per cent of the sperms should be mature and developed 

 At least 75 per cent of the spermatozoa should be alive or viable 

 At least 25 per cent of the sperms should be swimming with rapid 

forward movement 

 At least 50 per cent of the sperms should be swimming even if it is 

sluggish 

 

Useful biochemical Test 

 

Fructose:  

 Fructose is the primary energy source for sperm. It is required for 

spermatozoa survival in an anaerobic environment and it stimulates 

sperm motility.  

 Spermatozoa, which are subjected to centrifugation and thus separated 

from the seminal plasma, will not survive anaerobically unless seminal 

plasma or carbohydrates source is added back to separated spermatozoa. 

Seminal plasma fructose is produced by the seminal vesicles. Fructose 

production is stimulated by testosterone. Since the seminal vesicles do 

not have a large storage capacity, collection of several ejaculates within a 

few days will yield decreased fructose values. It takes about two days for 

fructose levels in the seminal vesicle to be replenished . 

 Fructose measurements are useful diagnostically in men with low-volume 

ejaculates. The absence of fructose can indicate the congenital absence or 

infections that affect the seminal will also result in absent or reduced 

fructose concentration. 
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Reagent: 

 ZnSO4 (5%) 

 Ba(OH)2  (4.76%)  

 Resorcinol (1%) 

 Conc. HCL 

 Water bath (90oC), automatic pipette ,tubes. 

 

 Procedure 

 In three tubes B, T ,ST we put  

 

 B St T 

H2O 3ml 0 ml 2.9ml 

Sample ------------ ----------- 0.1ml 

St ------------ 3 ml ---------- 

ZnSo4 0.5ml 0.5ml 0.5ml 

Ba(OH)2 0.5ml 0.5ml 0.5ml 

 

 Then mix, we will show white ppt, leave it 5 min.  

 Centrifuge at high speed for 5 min. 

 After that we take from the three tubes 2 ml of supernatant of each, as 

the table under we do: 

  

 B St T 

Supernatant 2.0ml 2.0ml 2.0ml 

Resorcinol 2.0ml 2.0ml 2.0ml 

Conc. HCl 6.0ml 6.0ml 6.0ml 

 

 Mix, put it in water path at least time 10 min. we will show pink color  .  

 Cool the tubes under tap water, and then read it on 490 nm wave length of 

spectrophotometer. 

 

 Calculation: 

Conc. St= 350mg / dl 

  Abs. T = 0.502  

  Abs. St = 0.575 

  Conc. T =( Abs. T / Abs. St )*Cons. St 

  = 0.502/0.575*350 

 

  = 305.565mg/dl 

Cx =   Cst . Ax 

           Ast 
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Biochemical changes that may be seen in the semen with a Variety of different causes of 

infertility  

Genital tract 

lesion causing 

infertility 

Sperm 

concentration 

pH of 

semen 

Seminal 

volume 

Seminal 

fructose 

Seminal 

acid 

phosphatase 

Bilateral 

epididiymal 

obstruction 

Azoospermia Normal  Normal Normal Normal 

Congenital 

absence of vasa- 

deferentia  

Azoospermia Normal 

or 

reduced 

Reduced Absent Raised 

Ejaculatory duct 

obstructions 

Azoospermia Normal 

or 

reduced 

Reduced Absent Raised 

Polyzoospermia  Raised 

>350x106 

Normal  Normal Reduced Normal 

  

Serological Analysis 

 

 Anti-Sperm Antibodies 

 Antibodies to sperm can be present in the serum of some females as well as 

males, the seminal fluid and the cervical mucosa are statistically associated with 

an increased risk of infertility. It is known that antibodies directed toward 

various sperm antigens can result in reduced fertility in men.  

 

 Pyospermia and the microbiology of semen 

Increased number of WBC’s in semen is known as pyospermia and in 

occasions, is a cause of infertility in men, and so must be examined 

microbiologically. 

The first step in the microbiological examination is to make a Gram stain and 

then make semen culture. 
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 Results  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Patient Name:------------------------------- Patient ID:----------------------------------- 

Physician name:---------------------------- 

 Macroscopic examination 

Volume : ------------------------------------------------------------------ 

Color :---------------------------------------------------------------------- 

Odor:----------------------------------------------------------------------- 

 liquefaction time:-------------------------------------------------------- 

Viscosity:------------------------------------------------------------------ 

Reaction :------------------------------------------------------------------ 

Microscopic examination 

Total number:------------------------------------------------------------- 

Active motile:------------------------------------------------------------- 

Sluggish motile:----------------------------------------------------------- 

Non motile :---------------------------------------------------------------- 

Spermatocyte :------------------------------------------------------------- 

abnormal morphology :--------------------------------------------------- 

Pus cells :-------------------------------------------------------------------  

Erythrocytes:---------------------------------------------------------------- 

Epithelial cells:-------------------------------------------------------------- 

Parasites:--------------------------------------------------------------------- 

Bacteria:---------------------------------------------------------------------- 

Other Findings :------------------------------------------------------------- 

Signature ----------------------------- 
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Lab 11, 12- Serous Fluids  
 Objectives 

Upon completion of this lab, the student will be able to: 

 Describe the normal formation of serous fluid. 

 Describe four primary causes of serous effusions. 

 Differentiate between a transudate and an exudate, including etiology, 

appearance, and laboratory tests. 

 Differentiate between a hemothorax and a hemorrhagic exudate. 

 Differentiate between a chylous and a pseudochylous exudate. 

 State the significance of increased neutrophils, lymphocytes and 

eosinophil in pleural fluid. 

 List three common chemistry tests performed on pleural fluid, and state 

their significance. 

 State the common etiologies of pericardial effusions. 

 State the clinical significance of the carcinoembryonic antigen and CA 

125 tests. 

 List four chemical tests performed on ascetic fluid, and state their 

significance. 

 

 Introduction 

 Serous fluids are the fluids contained within the closed cavities of the 

body. These cavities are lined by an adjacent membrane, which forms a 

double layer of mesothelial cells, called the serous membrane.  

 The cavities are the pleural (around the lungs), pericardial (around the 

heart), and peritoneal (around the abdominal and pelvic organs) cavities.  

 A small amount of serous fluid fills the space between the two layers and 

serves to lubricate the surfaces of these membranes as they move against 

each other.  

 The fluids are ultrafiltrate of plasma, which are continuously formed and 

reabsorbed at a constant rate, leaving only a very small volume within the 

cavities. An increased volume of any of these fluids is referred to as an 

effusion. Effusions may be either transudates or exudates.  

 Formation 

Serous fluids are formed as ultrafiltrate of plasma, with no additional 

material contributed by the membrane cells.  

The small amount of protein is removed by the lymphatic system.  

Production and reabsorption are subject to hydrostatic & colloidal (oncotic) 

pressures from the capillaries serving the cavities.  

Under normal conditions, colloidal pressure from serum proteins is the same 

in the capillaries on both sides of the membrane.  
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Therefore, the greater hydrostatic in the systemic capillaries on the parietal 

side favors fluid production through the parietal membrane and reabsorption 

through the visceral membrane. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pathologic Causes of Effusions 

1. Increased capillary hydrostatic pressure 

Congestive heart failure 

Salt and fluid retention 

2. Decreased oncotic pressure 

Nephrotic syndrome 

Hepatic cirrhosis 

Malnutrition 

3. Increased capillary permeability 

Microbial infections 

Membrane inflammations 

Malignancy 

4. Lymphatic obstruction 

Malignant tumors, lymphomas 

Infection and inflammation 

Thoracic duct injury 
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 Sample collection and handling 

 Fluids for laboratory examination are collected by needle aspiration from 

the respective cavities.  

 These aspiration procedures are referred to as thoracentesis (pleural), 

pericardiocentesis (pericardial), and paracentesis (peritoneal). 

 Abundant fluid (greater than 100 mL) is usually collected; therefore, 

suitable specimens are available for each section of the laboratory. 

 An ethylenediaminetetraacetic acid (EDTA) tube is used for cell counts 

and the differential. Sterile heparinized evacuated tubes are used for 

microbiology and cytology.  

 For better recovery of microorganisms and abnormal cells, concentration 

of large amounts of fluid is performed by centrifugation. 

 Chemistry tests can be run on clotted specimens in plain tubes or on 

heparinized tubes.  

 Specimens for pH must be maintained anaerobically in ice.  

 Chemical tests performed on serous fluids are frequently compared with 

plasma chemical concentrations because the fluids are essentially plasma 

ultrafiltrates. Therefore, blood specimens should be obtained at the time 

of collection. 

 

Pleural fluid 

In human anatomy, the pleural cavity is a body cavity containing the lungs; 

the lungs are surrounded by two serous membranes, the pleurae. The outer 

pleura (parietal pleura) covers and is attached to the chest wall. The inner 

pleura (visceral pleura) covers and is attached to the lung and other 

structures, i.e. blood vessels, bronchi and nerves. Between the two is a thin 

space known as the pleural space, which normally contains a small amount 

of pleural fluid, when there is an excess fluid accumulation in the pleural 

cavity, this is called pleural effusion, which may be transudates, exudates or 

fluid from extra pleural origin such as: 

1. Ruptured esophagus which is characterized by increase fluid amylase and 

decrease of PH. 

2. Pancreatitis which is characterized by increase amylase. 

 

 

 

 

 

 

 

 
 

http://en.wikipedia.org/wiki/Human_anatomy
http://en.wikipedia.org/wiki/Body_cavity
http://en.wikipedia.org/wiki/Lungs
http://en.wikipedia.org/wiki/Serous_membrane
http://en.wikipedia.org/wiki/Parietal_pleura
http://en.wikipedia.org/wiki/Visceral_pleura
http://en.wikipedia.org/wiki/Blood_vessel
http://en.wikipedia.org/wiki/Nerve
http://en.wikipedia.org/wiki/Pleural_cavity
http://en.wikipedia.org/wiki/Pleural_cavity
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 Transudates 
Effusion that forms because of systemic disorder that disrupts the balance in 

the regulation of fluid filtration and reabsorption such as: 

1. The changes in the hydrostatic pressure (increasing) created by a 

mechanical process such as congestive heart failure (CHF) or by 

pulmonary embolism. 

2. Decrease the plasma oncotic pressure such as nephrotic syndrome or 

hepatic cirrhosis  

 

 Exudates 

Effusions that are produced by conditions that directly involve the 

membranes of the particular cavity (from an inflammatory process which 

including infections and malignancies) that leads to: 

1. Increased capillary permeability. 

2. Decreased lymphatic resorption. 

 Laboratory differentiation of Transudates & Exudates 

Criteria Transudates Exudates 

Appearance Clear cloudy 

specific gravity < 1.016 >1.016 

Total protein < 3.0 g/dl > 3.0 g/dl 

Fluid : serum protein ratio < 0.5 > 0.5 

Lactate dehydrogenase LDH < 200 IU > 200 IU 

Fluid : serum LDH ratio < 0.6 > 0.6 

Cholesterol  < 60 mg/dl > 60 mg/dl 

Fluid : serum cholestrol ratio < 0.4 > 0.4 

Triglyceride  < 40 mg/dl > 40 mg/dl 

Fluid : serum triglyceride ratio < 0.3 > 0.3 

Cell count < 1000/µl > 1000/µl 

Spontaneous clotting No possible 
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Gross Examination 
 

 Volume:    1-15 ml 

 Color and Appearance:   

Transudates, Clear, Pale Yellow. 

Exudates, cloudy, opaque appearance indicates more cell 

components. 

 Bloody fluid 

1. Hemothorax 

2. Hemorrhagic effusion 

3. Pulmonary embolis. 

4. Tuberculosis. 

5. Malignancy  

 

To differentiate between a hemothorax and hemorrhagic exudate, a 

hematocrit can be run on the fluid.  

o If the blood is from a hemothorax, the fluid hematocrit is more than 

50% of the whole blood hematocrit, because the effusion is 

actually occurring from the inpouring of blood from the injury.   

o A chronic membrane disease effusion contains both blood and 

increased pleural fluid, resulting in a much lower hematocrit. 

 Milky  

1. Chylous  

2. Pseudochylous. due to:  
 

Differentiation Between Chylous and Pseudochylous Pleural  

 

 Chylous Effusion Pseudochylous Effusion 

 

Cause 

 

Thoracic duct leakage 

 

Chronic inflammation 

break down of cellular lipids  

Appearance 

 

Milky/white Milky/green tinge 

 

Leukocytes 

 

Predominantly 

lymphocytes 

 

Mixed cells 

 

Cholesterol crystals 

 

Absent 

 

Present 

 

Triglycerides 

 

110 mg/dL 50 mg/dL 

Sudan III staining 

 

Strongly positive 

 

Negative/weakly positive 
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 Black fluid: Aspergillus niger (fungi) infection  

 Purulent fluid: Indicates infection 

 Turbid and greenish yellow : Rheumatoid effusion 

 Viscous Malignant mesothelioma (increased hyaluronic acid) 

 

Microscopic examination 
 

 RBC’s    Little value 

 WBC’s   Total lower than 1000/µl 

 LE cells 

 Macrophages 

 Mesothelial cells 
 

 Cell count: (performed in counting chamber) 

Total RBCs count        

 RBCs (5000-6000) are needed to give red appearance to pleural 

fluid 

 RBCs > 100.000 is grossly hemorrhagic and suggests malignancy, 

pulmonary infarct, or trauma but occasionally seen in congestive 

heart failure alone. 

 Hemothorax suggests trauma, bleeding from a vessel, bleeding 

disorder, or malignancy. 

Total WBC count 

 Transudates are usually > 1000/µl 

 WBC’s >10.000 /µl indicates inflammation, most commonly with 

pneumonia, pulmonary infarct, Pancreatitis. 

 WBC’s >  50.000 /µl is typical only in Para pneumonic effusions, 

usually empyema  

 In malignancy & tuberculosis are usually < 5000 /µl. 

 

WBC’s differential 

 Mononuclear cells predominate in transudates and early effusions 

and chronic exudates. 

 PMNs predominate in early inflammatory effusion neutrophil: 90% 

in the following 

1. Acute inflammation due to pneumonia 

2. Pancreatitis 

 Lymphocyte(80-90%) increased in the following cases: 

1. Tuberculosis 
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2. pneumonia 

 Eosinophilia: Eosinophilie in pleural fluid( > 10% of total WBC) is  not 

diagnostically significant   

 LE cells: occasionally LE cells make the diagnosis of SLE.  

 Mesothelial cells:  
1. Normal and reactive forms have no clinical significance 

2. Decreased mesothelial cells are associated with 

tuberculosis 

 Plasma cells: Tuberculosis 

 Malignant cells:  
1. Primary adenocarcinoma  

2. Small cell carcinoma 

Biochemical examination 
 

 Protein, cholesterol and LDH  

 To differentiate transudates from exudates. 

 Protein electrophoresis shows an elevation of albumin and absence of 

fibrinogen in comparison to that of plasma. 

 

 Glucose 

Same as serum value in transudates. Usually normal but if it lowers than 60 

mg/dl may be found in: 

1. Rheumatoid arthritis. 

2. Malignancy 

3. TB 

 

 Amylase 

1. Increase in acute pancreatitis (may reach 2 times plasma amylase) 

2. Perforated peptic ulcer. 

3. Necrosis of small intestine. Some times in metastatic cancer and 

esophageal ruptured. 

 

 Lipids 

 Triglycerides 

 Lipoproteins 

 Cholesterol. 
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 PH 

 Pleural fluid pH lower than 7.0 may indicate the need for chest-

tube drainage, in addition to administration of antibiotics in cases 

of pneumonia.  

 In cases of acidosis, the pleural fluid pH should be compared to the 

blood pH.  

 Pleural fluid pH at least 0.30 degrees lower than the blood pH is 

considered significant. 

 The finding of a pH as low as 6.0 indicates an esophageal rupture 

that is allowing the influx of gastric fluid. 

 ADA (adenosine deaminase) 

 levels over 40 U/L are highly indicative of tuberculosis. 

 They are also frequently elevated with malignancy. 

 

Serology 
 

 Used to differentiate effusions of immunologic and malignant origin from 

those of non inflammatory and non malignant origin. The tests includes: 

 Tumor Marker: CEA (60-70% of lung cancer) 40-50% of other 

malignancies. 

o The CEA test measures the level of carcinoembryonic antigen 

(CEA) in the blood. CEA is a protein normally found in the tissue 

of a developing baby in the womb. The blood level of this protein 

disappears or becomes very low after birth. In adults, an abnormal 

level of CEA may be a sign of cancer. 

 RF, complement, ANF, immunoglobulin 

 

 Increased levels of immunoglobulins and CEA or decreased complement 

is indicative of inflammatory and neoplastic reaction. 

 

Microbiology 
 

Gram stain, acid-fast stain, cultures. 
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Pericardial fluid 

 The pericardial space enclosing the heart normally contains about 25 to 50 

mL of a clear, straw colored ultrafiltrate of plasma, called pericardial fluid.  

 When an abnormal accumulation of pericardial fluid occurs, it fills up the 

space around the heart and can mechanically inhibit the normal action of the 

heart.  

 In this case, immediate aspiration of the excess fluid is indicated. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 Pericardial effusion 

 Pericardial effusion is usually caused by: 

1- Infection: Which may be bacterial, tuberculosis, fungal or viral. 

2- Neoplasm: Which may be due to metastatic carcinoma or lymphoma. 

3- Myocardial infarction. 

4- Hemorrhage due to trauma. 

5- SLE. 

 Sample collection called pericardiocentesis. 

 

Laboratory tests 
 

Tests performed on pericardial fluid are primarily directed at determining if the 

fluid is a transudate or an exudate  
 

Gross appearance 
 

 Volume:   10-50ml 

 Appearance:   clear pale yellow. 

 Bloody due to T.B., or other wide variety of diseases 

 Milky (chylous and pseudochylous). 
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Microscopic examination 
 

 WBCs: Little clinical value, although a count of greater than 1000 

WBCs/mm3with a high percentage of neutrophils can be indicative 

ofbacterial endocarditis. 

 

 LE cells 

 Cytologic examination of pericardial exudates for the presence of 

malignant cells is an important part of the fluid analysis. Cells most 

frequently encountered are the result of metastatic lung or breast 

carcinoma. 

 

Biochemical examination 
 

 Protein (little value in differential diagnosis. 

 Glucose . 

 Lipids 

 Triglycerides 

 Lipoproteins 

 Cholesterol 

 

Serology 
 

 ANA, CEA 

 

Microbiology 
 

 Gram stain, acid fast stain and cultures. 
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Peritoneal fluid (Ascitic) 

 Peritoneal effusion:  

 Accumulation of fluid between the peritoneal membranes is called 

ascites, and the fluid is commonly referred to as ascetic fluid rather than 

peritoneal fluid. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Peritoneal lavage  

 Normal saline is sometimes introduced into the peritoneal cavity to act as 

a lavage for the detection of abdominal injuries that have not yet resulted 

in the accumulation of fluid.  

 Peritoneal lavage is a sensitive test for the detection of intra-abdominal 

bleeding in blunt trauma cases, and results of the RBC count can be used 

along with radiographic procedures to aid in determining the need for 

surgery. RBC counts greater than 100,000/µL are indicative of blunt 

trauma injuries. 

Accumulation of peritoneal is a common complication in many diseases which 

may be: 

 

o Transudate due to: 

1- Congestive heart failure 

2- Constrictive pericarditis 

3- Hypoproteinemia  
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4- Nephrotic syndrome  

5- Liver cirrhosis 

o Exudate due to: 

1. Peritoneal malignancy. 

2. Tuberculous peritonitis. 

3. Pancreatic ascites. 

4. Billie peritonitis. 

5. Trauma. 

 

Gross appearance 
 

 Volume:  lower than 50 ml. 

 Appearance:  clear pale yellow. 

 Turbidity 

1. Appendicitis 

2. Pancreatitis 

3. Strangulated intestine 

4. Ruptured bowel 

5. Bacterial peritonitis 

 Milky  
1. Chylous  

2. Pseudochylous. 

 Greenish  
1. Perforated duodenal ulcer 

2. Perforated intestine 

3. Chlocystitis 

4. Perforated gall bladder 

5. Acute pancreatitis  

 

Microscopic examination 
 

 Normal WBC counts are less than 350 cells/µL, and the count 

increases with bacterial peritonitis and cirrhosis.  

 To distinguish between those two conditions, an absolute neutrophil 

count should be performed. 

o An absolute neutrophil count greater than 250 cells/µL or 

greater than 50% of the total WBC count is indicative of 

infection.  

o Lymphocytes are the predominant cell in tuberculosis. 
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 Examination of ascitic exudates for the presence of malignant cells is 

important for the detection of tumors of primary and metastatic origin. 

Malignancies are most frequently of gastrointestinal, prostate, or ovarian 

origin.  

 Cells present in ascitic fluid include leukocytes, abundant mesothelial 

cells, and macrophages. 

 

Biochemical examination 
 Protein  

 Glucose  

o Decreased in tubercular peritonitis and malignancy 

 Amylase  

o Increased in pancreatitis, gastrointestinal perforation 

 ALP An elevated alkaline phosphatase level is also highly diagnostic of 

o intestinal perforation. 

 Measurement of the tumor markers CEA and CA 125 is a valuable 

procedure for identifying the primary source of tumors producing ascitic 

exudates.  

o The presence of CA 125 antigen with a negative CEA suggests the 

source is from the ovaries, fallopian tubes, or endometrium 

 

 Urea nitrogen, ammonia and creatinine in the fluid are requested when a 

ruptured bladder or accidental puncture of the bladder during the 

paracentesis is of concern. 

 

 

Differentiation between peritoneal fluid exudates and transudate 

 

 Differentiation between ascitic fluid transudates and exudates is more 

difficult than for pleural and pericardial effusions.  

 The serum-ascites albumin gradient (SAAG) is recommended over the 

fluid: serum total protein and LD ratios for the detection of transudates of 

hepatic origin 

 Fluid and serum albumin levels are measured concurrently, and the fluid 

albumin level is then subtracted from the serum albumin level.  

 A difference (gradient) of 1.1 or greater suggests a transudate effusion of 

hepatic origin, and lower gradients are associated with exudative 

effusions. 

 

 Serum albumin_ Fluid albumin  3.8 mg/dL _ 1.2 mg/dL Gradient _2.6  

transudate 
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 Serum albumin_ Fluid albumin  3.8 mg/dL _3  mg/dL Gradient _0.8 

exudate 

 

Other criteria of peritoneal fluid trasudate and exudate 

 

Criteria Transudate Exudate 

Protein <3.0 (30% 

higher) 

>3.0 

Fluid: Serum Protein 

Ratio 

  >0.5 suggests malignancy 

LDH   Elevated in malignancy 

Fluid: Serum LDH Ratio   >0.6 suggests malignancy 

CEA   >10 suggests malignancy 

Fluid:Serum CEA Ratio   >2 suggests malignancy 

Glucose   <60 

Fluid: Serum Glucose 

Ratio 

>1 <1 

Amylase   Increase in pancreatic ascites 

Lipase   Increase in pancreatic ascites 

pH   May be decrease in infectious 

Triglycerides   Increase in chylous ascites 

 

Microbiology 
 

Gram stain, acid fast stain, culture 
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Lab 13- Sweat Test 
 

 Objectives 

 State the cause of cystic fibrosis 

 State method of sweat collection 

 Tests performed on sweat to diagnose cystic fibrosis 

 

 Introduction     

 A sweat test measures the amount of salt chemicals (sodium and chloride) 

in sweat. Sodium and chloride are part of your body’s electrolyte balance, 

and combine to form the salt found in sweat. They help regulate the fluid 

balance in your tissues. It is done to help diagnose cystic fibrosis.  

 Normally, sweat on the skin surface contains very little sodium and 

chloride. People with cystic fibrosis (CF) have 2 to 5 times the normal 

amount of sodium and chloride in their sweat. 

 Cystic fibrosis  

Cystic fibrosis (CF), mucoviscoidosis, or mucoviscidosis, is a life-threatening 

hereditary disease which is inherited as autosomal recessive and is 

characterized by: 

1. Increased viscosity of mucous secretions, including those of (pancreas, 

intestinal glands, tracheal, peritracheal, bronchial). 

o Thick mucus production, as well as a less competent immune system, 

cause mucus to build up and clog some of the organs in the body, 

particularly in the lungs and pancreas. When mucus clogs the lungs, it can 

make breathing very difficult. The thick mucus also causes bacteria (or 

germs) to get stuck in the airways, which causes inflammation (or 

swelling) and infections that leads to lung damage. 

o Mucus also can block the digestive tract and pancreas. The mucus stops 

digestive enzymes from getting to the intestines. The body needs these 

enzymes to break down food, which provides important nutrients to help 

us grow and stay healthy. 

http://www.webmd.com/hw-popup/cystic-fibrosis
http://en.wikipedia.org/wiki/Immune_system
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2. Increased concentration of electrolytes especially Na and CL, in secretion of 

other gland notably (sweat glands, Parotid salivary glands, lachrymal 

glands). 

 Pathophysiology 

 For normal salt reabsorption to occur, individual ions of sodium and 

chloride must be taken from the sweat and moved back into cells of the 

sweat duct . 

 These ions are moved by transporters called ion channels. In the case of 

sodium, there is a sodium channel; for chloride, there is a chloride 

channel called CFTR (cystic fibrosis transmembrane conductance 

regulator). For sweat to be produced with the proper concentrations of 

sodium and chloride, sodium channels and chloride channels (CFTRs) 

must work properly. 

 In cystic fibrosis, the CFTR chloride channel is defective, and does not 

allow chloride to be reabsorbed into sweat duct cells. Consequently, more 

sodium stays in the duct, and more chloride remains in the sweat. The 

concentration of chloride in sweat is therefore elevated in individuals 

with cystic fibrosis. 

 The concentration of sodium in sweat is also elevated in cystic fibrosis. 

Unlike CFTR chloride channels, sodium channels behave perfectly 

normally in cystic fibrosis. However, in order for the secretion to be 

electrically neutral, positively charged sodium cations remain in the sweat 

along with the negatively charged chloride anions. In this way, the 

chloride anions are said to "trap" the sodium cations. 

 Symptoms of cystic fibrosis (CF) 

1. Thick, viscous mucus secretions in the lungs  

2. Repeated infections: The accumulation of sticky, thick mucus in the lungs 

creates a favorable environment for infectious microorganisms to inhabit and 

flourish.  

3. Stools, pale or clay colored, foul smelling, or stools that float 

4. Meconium ileus is a typical finding in newborn babies with CF  

5. Recurrent pneumonia  

6. Chronic cough, possibly with blood streaking  

7. Wheezing  

8. Bronchitis  

9. Chronic sinusitis  

10. Asthma  

11. Weight loss, failure to thrive in infants, abdominal swelling  

12. Excessive salt in sweat, dehydration  

http://www.cystic-fibrosis-symptom.com/bacteria.htm
http://www.cystic-fibrosis-symptom.com/stools.htm
http://www.cystic-fibrosis-symptom.com/pneumonia.htm
http://www.cystic-fibrosis-symptom.com/bronchitis.htm
http://www.cystic-fibrosis-symptom.com/chronic_sinusitis.htm
http://www.cystic-fibrosis-symptom.com/asthma.htm
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13. Failure of newborn to pass stool  

14. Abdominal pain, flatulence  

15. Fatigue  

16. Changes in color and amount of sputum (material coughed  

up from the lungs)  

Sweat analysis 

Two methods of sweat analysis are most frequently used: chloride concentration 

and conductivity measurement. The sweat chloride analysis is recommended as 

the diagnostic test for CF. Sweat conductivity may be used to screen for CF. 

 Sample collection 

o Earlier methods to stimulate the production of sweat including the use 

of humid high temperature room, and encasing the pts. Body in plastic.  

o Current methods: A tiny amount of a sweat-stimulating liquid is applied 

to a small patch of skin on the arm or leg. An electrode is then placed 

over the site and a weak electrical current stimulates the area. This is a 

painless procedure that may create a tingling or warm sensation. After 

several minutes, the area is cleaned and sweat is collected for about thirty 

minutes, either into a plastic coil of tubing or onto a piece of gauze or 

filter paper. The sweat obtained is then analyzed. 

 Procedure  of the test 

 done on a baby's right arm or thigh. On an older child or adult, the test 

is usually done on the inside of the right forearm. Sweat may be 

collected and analyzed from two different sites. 

 The skin is washed and dried, and then two small gauze pads are placed 

on the skin. One pad is soaked with a medicine that makes the skin 

sweat, called pilocarpine. The other pad is soaked with salt water such 

as NaNO3. 

 Other pads called electrodes are placed over the gauze pads. The 

electrodes are hooked up to an instrument that produces a mild electric 

current, which pushes the medicine into the skin. Another testing 

method collects the sweat into a coil (macroduct technique).  

 After 5 to 10 minutes, the gauze pads and electrodes are removed, and 

the skin is cleaned with water and then dried. The skin will look red in 

the area under the pad that contained the medicine.  

 A dry gauze pad, paper collection pad, or special tubing is taped to the 

red patch of skin. This pad is covered with plastic or wax to prevent 

fluid loss (evaporation).  
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 The new pad will soak up the sweat for up to 30 minutes, then it is 

removed and placed in a sealed bottle. It is then weighed to measure 

how much sweat the skin produced, and it is checked to find out how 

much salt chemical (sodium and/or chloride) the sweat contains.  

 After the collection pad is removed, the skin is washed and dried again. 

The test site may look red and continue to sweat for several hours after 

the test.  

 The sweat test usually takes 45 minutes to 1 hour. 

 Then we measure CL by automated or manual titration method and Na 

by flame photometry or ion exchange electrode. 

 Results 

A sweat test measures the amount of salt chemicals (sodium and chloride) in 

sweat. Generally, chloride (sweat chloride) is measured. 

 Sweat chloride 

 Normal                    Less than 40 mill moles per liter (mmol/L). 

 Borderline              40–60 mmol/L. 

 Abnormal               More than 60 mmol/L. 

 Abnormal (high) values: Usually mean a person has cystic fibrosis. Some 

people with cystic fibrosis have borderline or even normal sweat chloride 

levels 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.webmd.com/hw-popup/millimoles-per-liter-mmoll
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Lab 13- Sputum 
 

 Objectives  

The student should be able to state 
 Sputum composition 

 Sputum sources 

 Sputum characteristics 

 Sample collection 

 Tests performed on sputum sample 

 Clinical significance of sputum test 

 

 Introduction 

Definition 
Sputum is a secretion that is produced in the lungs and the bronchi (tubes 

that carry the air to the lung). This mucus-like secretion may become 

infected, blood stained, or contains abnormal cells that may lead to 

diagnosis 

 

Composition 

Tracheo bronchial secretions are an inconstant mixture of plasma, water, 

electrolytes and mucin. In addition to contamination from upper and 

lower respiratory tract with cellular exfoliation, nasal and salivary gland 

secretions and normal bacterial flora of the oral cavity. 

 

Sources 

 Submucous glands: present between the surface epithelium and 

cartilaginous plates 

 Surface epithelium: three types of secretory cells can be distinguished: 

1. Serous cells   

2. Celara  

3. Goblet cell: thick mucin-type secretion that is diluted by  a more 

serous mixture of acid glycoproteins, sialoproteins and 

sulfoproteins are secreted by submucous gland 

 

 Viscoelastic character of sputum  

o The physical properties of sputum reveal secretions to be viscoelastic that 

is some of the properties of liquid and some of solid.  

o The consistency is dependent mainly on the molecular structure of the 

glycoproteins and on the degree of hydration. 

o Sialic acid is the most important single component of sputum viscosity. 
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 Sample collection:    

 Sputum is what comes up with deep coughing. Increasing the amount of 

fluids in the night before the test may help to get the sample. 

 First morning specimen is best, most tracheobronchea secretions are not 

ejected from the mouth but are swallowed during sleep 

 Patent cooperation and understanding, instruct patient to rinse mouth with 

water prior to each collection.  

 Cough up from deep down in the chest, the specimen should be collected 

in a sterile container and then send immediately to lab and not be allowed 

to stand for long time  

 Specimen expectorated sputum, not saliva or nasal aspirates three 

consecutive mornings is advisable. 

 

 

 

 
 

Macroscopic Examination 
 

Consistency and appearance: viscoelastic, clear and watery, usually specific 

diseases have characteristic consistencies and appearance. 

 Color 

Color is determined by the material contained and color can indicate the 

pathologic process  

1. Yellow color:   

 Pus and epithelium cells  

 Pneumonia 

2. Green:   

 Pseudomonas 

 Sputum left standing more than 24 hrs tend to become greenish 

through the break down of neutrophils and the release of 

neuroperoxidase enzyme. 
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3.  Rust red:   

 Decomposed Hb 

1. Pneumococcal pneumonia   

2. Pulmonary gangrene 

4. Bright red:   

 Recent hemorrhage. 

1. Acute cardiac failure  

2. Pulmonary infection  

3. TB    

4. Ruptured blood vessels. 

 Miscellaneous finding: (cheesy masses, bronchial cast, broncholiths, 

parasites). 

 Odor: No odor 

 

 Sputum Exam for Mycobacterium 

 Acid fast organisms  

 Sputum gram stain 

 Sputum Culture 
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Lab 14- Amniotic Fluid 
 

 Objectives 

Upon completion of this chapter, the student will be able to: 

 State the functions of amniotic fluid. 

 Describe the formation and composition of amniotic fluid. 

 State indications for performing an amniocentesis. 

 Describe the specimen-handling and processing procedures for testing 

amniotic fluid for bilirubin, fetal lung maturity (FLM), and cytogenetic 

analysis. 

 Discuss the principle of the spectrophotometric analysis for evaluation of 

hemolytic disease of the newborn. 

 Interpret a Liley graph. 

 Describe the analysis of amniotic fluid for the detection of neural tube 

disorders. 

 Explain the physiologic significance of the lecithin-sphingomyelin (L/S) 

ratio. 

 State the relationship of phosphatidyl glycerol to FLM. 

 FLM and the laboratory tests performed. 

 

 Introduction  

 

Definition 

 A clear, slightly yellowish liquid that surrounds the unborn baby 

(fetus( during pregnancy; it is contained in the amniotic sac. 

 

 The fetus floats in the amniotic fluid. During pregnancy the amniotic 

fluid increases in volume as the fetus grows. Approximately 1000 ml of 

amniotic fluid surround the baby at full term (40 weeks gestation). 

 

Function 

1. Protects from outside injury by cushioning sudden blows or 

movements  

2. Allows for freedom of fetal movement and permits musculoskeletal 

development  

3. Maintains a relatively constant temperature for the environment 

surrounding the fetus  

4. Protects the fetus from heat loss  

5. Is a source of oral fluid to the fetus  

6. Allows for symmetrical growth and development of the fetus 

7. It contains bacteriostatic properties which can protect the      intrauterine 

environment from infection. 

http://www.drgreene.com/ency/article/000887.asp
http://www.drgreene.com/ency/article/000887.asp
http://www.drgreene.com/ency/article/002367.asp
http://www.drgreene.com/ency/article/002367.asp
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8. It can serve as a short term fluid and nutrient supply . 

9. It is needed for proper development of gastrointestinal, musculoskeletal 

and pulmonary systems. 

 

 Formation 
Amniotic fluid is composed of a mixture of different substances that reach or 

are removed from the amniotic cavity by various routes:  

1. Fetal urine appears in the amniotic cavity as soon as the metaneprhos 

develops and increases gradually. 

2. Pulmonary secretions increase gradually. 

3. Oro-nasal secretions may contribute a small and indeterminate amount . 

4. The fetal skin. 

5. Intramembranous secretions. 

6. Transmembranous passage. 

 

 Amniocentesis 
 Removal of a sample of the fluid is called amniocentesis. 

 Amniotic fluid test or AFT:  is a test to analyze the liquid (amniotic fluid) 

that surrounds an unborn baby (fetus). It can be done after about the 14th 

week of pregnancy (14th - 22nd), when there is enough amniotic fluid for 

testing. Amniocentesis may be done to: 

1. To predict the severity of hemolytic disease of the newborn in RH 

erythroblastosis fetalis. 

2. To assess intrauterine fetal maturity before cesarean section to 

assure the delivery of an infant with a good chance of survival. 

3. To detect fetal sex in pregnant women heterozygous for X-linked 

recessive disorders such as hemophilia and muscular dystrophy. 

4. To discover genetic fetal disorders in genetic high-risk patients, 

with chromosomal translocation (Down’s syndrome) or congenital 

metabolic disorders. 

5. To assess pulmonary maturity. 

6. To determine fetal trouble, Rh isosensitization, diabetes mellitus, 

preeclampsia, and eclampsia. 

7. Determine if the amniotic fluid is infected. 

8. Early in the pregnancy to determine if the fetus has certain types of 

birth defects.  

 

2nd trimester amniocentesis 

 For genetic and developmental defects, amniocentesis is usually 

performed at about 16 weeks gestation, although it can be done safely at 

any time after 16 weeks gestation. 

 Amniotic fluid contains cells that have been shed by the developing 

fetus. These cells can be tested for more than 100 types of defects that 

http://www.drgreene.com/ency/article/003921.asp
http://www.drgreene.com/ency/article/003921.asp
http://www.laurushealth.com/library/healthguide/IllnessConditions/_followLink.asp?sgml_id=sta123155
http://www.laurushealth.com/library/healthguide/IllnessConditions/_followLink.asp?sgml_id=sta123155
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are associated with inherited (genetic) diseases (such as Down syndrome 

or cystic fibrosis) or development defects (such as spina bifida). Testing 

for these diseases is most commonly done between the 14th and 18th 

week of pregnancy (2nd Trimester), when the pregnancy can most easily 

be ended if the fetus is severely disabled.  

 

 However, amniocentesis cannot detect many common birth defects such 

as cleft lip and palate, heart problems, and some types of mental 

retardation. 

 

 3rd Trimester amniocentesis 

 Amniocentesis can also detect the sex of the fetus. In (3rd Trimestar) we 

make theis to alloimmune hemalytic diseases and respiratory destress. 

 

 Ultrasound is used to guide the procedure. The doctor withdraws a 

small amount of amniotic fluid by inserting a needle into your 

abdomen through the uterus and into the amniotic sac. The fluid is 

sent to a lab and tested for specific substances called phospholipids. 

This will help the doctor predict whether the baby's lungs are 

sufficiently developed for delivery. 

 

 Specimen : 

 Container: Amber plastic transport tube with amber stopper (If amber 

tubes are unavailable, cover standard transport tube completely, top and 

bottom, with aluminum foil). Identify specimen with patient name 

directly on the container and on the outside of the aluminum foil. Secure 

with tape. Amber plastic transfer tube and amber stopper. 

 

 Storage Instructions: Freeze within 4 hours to transport to laboratory; 

stable refrigerated up to 1 week. Protect from light. Avoid repeated 

freezing and thawing of the specimen, which may cause the sample to 

precipitate, resulting in a lower than expected value. 

 If cell culture is requested the specimen should be kept at 37oC. 

 

Physical Examination 
 Volume 

 Volume of amniotic fluid is varied according to the period of pregnancy. 

o 10 weeks   30 ml. 

o 20 weeks   350 ml. 

o 37 weeks   100-1500 ml. 

o Third trimester  400 ml 

http://www.laurushealth.com/library/healthguide/IllnessConditions/_followLink.asp?sgml_id=stc123784
http://www.laurushealth.com/library/healthguide/IllnessConditions/_followLink.asp?sgml_id=stc123742
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 An excessive amount of amniotic fluid is called polyhydramnios. This 

condition often accompanies  

o Multiple pregnancy (twins or triplets) 

o Failure of the fetus to begin swallowing  results in excessive 

accumulation of amniotic fluid  

o Indication of fetal distress, often associated with neural tube 

disorders.  

o Secondarily associated with fetal structural anomalies, cardiac 

arrhythmias, congenital infections, or chromosomal abnormalities.  

 An abnormally small amount of amniotic fluid is known as oligohydramnios. 

This condition can cause deformities in the fetus . And may be due to 

congenital anomalies such as 

o Renal agenesis 

o Bladder outlet obstruction  

o Some congenital defect such as hydrocephalus. 

o Membrane leakage  

o Umbilical cord compression 

 

 Color 
 

Normal:  Colorless or pale straw. 

 

Abnormal: 

1. Yellow-orange is indicative of blood incompatibility and the presence 

of bile pigment released from red blood cell hemolysis. 

2. Dark yellow aspirate indicates probable fetal involvement. 

3. Brown due to severe hemolysis 

4. Green due to contamination with meconium 

5. Yellow  – brown opaque fluid may indicate intrauterine death 

,although not necessarily from erythroblastosis. 

6. Blood-streaked may be due to traumatic tap, abdominal trauma, intra-

amniotic hemorrhage 

 

 Turbidity: Turbid due to presence of variant cell types. 

 
 
 
 
 

Amniotic Fluid Supernatant analysis 
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 Tests for Fetal Distress 

1. Neural tube defect 

Alpha-fetoprotein (AFP) 

 AFP is the major protein produced by the fetal liver during early gestation 

(prior to 18 weeks).  

 It is found in the maternal serum due to the combined fetal-maternal 

circulations and in the amniotic fluid from diffusion and excretion of fetal 

urine. 

 The normal value in non-pregnant is 20mg\dl and in fetal serum 

300mg\dl, in this (NTD) the protein well be increased. 

 Increased levels are found in the maternal serum and amniotic fluid when 

the skin fails to close over the neural tissue, as occurs in neural tube 

defect (NTD), such as spina bifida or anencephaly.  

 The possibility of a multiple pregnancy also must be investigated when 

serum levels are elevated.  

 Normal values are based on the week of gestational age, as the fetus 

produces maximal AFP between 12 and 15 weeks’ gestation, after which 

levels in amniotic fluid begin to decline.  

 Both serum and amniotic fluid AFP levels are reported in terms of 

multiples of the median (MoM).  

 The median is the laboratory’s reference level for a given week of 

gestation.  

 MOM= average pt. duplicate result \ medium of normal reference. The 

normal between 0.4 to 2.0. 

 A value two times the median value is considered abnormal (greater than 

two MoM) for both maternal serum and amniotic fluid.  

 Elevated amniotic fluid AFP levels are followed by measurement of 

amniotic acetylcholinesterase (AChE). The test is more specific for 

neural tube disorders than AFP, provided it is not performed on a bloody 

specimen, because blood contains AChE.3 

 

2- Hemolytic Disease of the Newborn 

 The oldest routinely performed laboratory test on amniotic fluid evaluates 

the severity of the fetal anemia produced by HDN.  

 Initial exposure to foreign red cell antigens occurs during gestation and 

delivery  of the placenta when fetal red blood cells enter into the maternal 

circulation and stimulate the mother to produce antibodies to the antigen.  

 When these antibodies present in the maternal circulation cross the 

placenta into the fetal circulation and bind to the antigen on the fetal cells, 

the cells are destroyed.  
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 The destruction of fetal red blood cells results in the appearance of the 

red blood cell degradation product, unconjugated bilirubin, in the 

amniotic fluid.  

 By measuring the amount of bilirubin in the fluid, the extent of hemolysis 

taking place may be determined, and the danger this anemia presents to 

the fetus may be assessed. 

 The measurement of amniotic fluid bilirubin is performed by 

spectrophotometric analysis.  

 The optical density (OD) of the fluid is measured in intervals between 

365 nm and 550 nm and the readings plotted on graph paper.  

 In normal fluid, the OD is highest at 365 nm and decreases linearly to 550 

nm, illustrated by a straight line.  

 When bilirubin is present, a rise in OD is seen at 450 nm because this is 

the wavelength of maximum bilirubin absorption.  

 The difference between the OD of the theoretic baseline and the OD at 

450 nm represents the amniotic fluid bilirubin concentration. 

 This difference in OD, referred to as the absorbance difference at 450 nm 

(ΔA450), is then plotted on a Liley graph to determine the severity of 

Notice that the Liley graph plots the ΔA450 against gestational age and is 

divided into three zones that represent the extent of hemolytic severity.  

 Values falling in zone I indicate no more than a mildly affected fetus; 

those in zone II require careful monitoring, whereas a value in zone III 

suggests a severely affected fetus.  

 Intervention through induction of labor or intrauterine exchange 

transfusion must be considered when a ΔA450 is plotted in zone III 
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 Assessment of fetal maturity 

 

Fetal Lung Maturity 

 Respiratory distress syndrome (RDS) is the most frequent 

complication of early delivery and is a cause of morbidity in the 

premature infant.  

 This disease is caused by a lack of lung surfactant, a substance that 

normally appears in mature lungs and allows the alveoli (air sacs of 

the lung) to remain open throughout the normal cycle of inhalation 

and exhalation.  

 Surfactant keeps the alveoli from collapsing by decreasing surface 

tension and allows them to inflate with air more easily.  

 Therefore, laboratory tests must be performed to determine the 

maturity of the fetal lungs.  

 Several laboratory tests are available to measure FLM. 

 If the fetus is mature enough to breathe on its own once born, then 

immediate delivery may be in the best interests of both the mother and 

fetus.  

 If test results are inconclusive (do not indicate fetal lung maturity), 

further testing may be done, or medication may be provided to speed 

up fetal lung maturity. Delivery may be delayed for a day to a week. 

 

Lecithin-Sphingomyelin Ratio 

 The reference method to which tests of FLM are compared is the 

lecithin-sphingomyelin (L/S) ratio. Lecithin is the primary component 

of the surfactants (phospholipids, neutral lipids, and proteins) that 

make up the alveolar lining and account for alveolar stability. 

 Lecithin is produced at a relatively low and constant rate until the 35th 

week of gestation, at which time a noticeable increase in its 

production occurs, resulting in the stabilization of the fetal lung 

alveoli.  

 Sphingomyelin is a lipid that is produced at a constant rate after about 

26 weeks’ gestation; therefore, it can serve as a control on which to 

base the rise in lecithin.  

 The L/S ratio is usually less than 1.6 because large amounts of lecithin 

are not being produced at this time. It will rise to 2.0 or higher when 

lecithin production increases to prevent alveolar collapse. 

 Therefore, when the L/S ratio reaches 2.0, a preterm delivery is 

usually considered to be a relatively safe procedure. Falsely elevated 

results are encountered in fluid contaminated with blood or meconium 

because both these substances contain lecithin and sphingomyelin. 
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Limitations False-negative results (L/S <2.0 but no lung disease) occur in 5% 

of cases; false-positive results occur in 0.6% of cases. Half of the false-positive 

results occur in diabetics. Use a cutoff 3.5 

for diabetic mothers.  

 

Amniostat-FLM 

The presence of another lung surface lipid, phosphatidyl glycerol, is also 

essential for adequate lung maturity. The production of phosphatidyl glycerol 

normally parallels that of lecithin, but its production is delayed in cases of 

maternal diabetes. In this circumstance, respiratory distress occurs in 

the presence of an L/S ratio of 2.0. 

 

 

Chemical Components Of Amniotic Fluid : 

 

 Ca      4ml\dl 

 Cl       12mEq\l 

 K        4.9mEq\l 

 Na      33mEq\l  

 Glucose      30 mg\dl 

 Creatinine      1.8mg\dl 

 Uric Acid     31mg\dl 

 Albumin       1.42 g\dl 

 Alpha globin     0.19 g\dl 

 Alpha 2 globin    0.16 g\dl 

 Beta globin   0.49  g\dl 

 Gama globin      0.32 g\dl. 
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 Differentiating Maternal Urine From Amniotic Fluid 

 Differentiation between amniotic fluid and maternal urine may be 

necessary to determine possible premature membrane rupture or 

accidental puncture of the maternal bladder during specimen collection.  

 Chemical analysis of creatinine, urea, glucose, and protein aids in the 

differentiation.  

 Levels of creatinine and urea are much lower in amniotic fluid than in 

urine. 

 Creatinine does not exceed 3.5 mg/dL and urea does not exceed 30 

mg/dL in amniotic fluid, whereas values as high as 10 mg/dL for 

creatinine and 300 mg/dL for urea may be found in urine. 

 


