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The identification of bacteria more than a cen-
tury ago, soon lead to the finding of microorganisms
in the urine.1 The presence of significant number of
bacteria (>105 organisms /ml) in urine reflects uri-
nary tract infection (UTI).2 UTI is among the most
common infections encountered by physicians.3 It
can be asymptomatic or symptomatic.4 Asymptom-
atic infection may lead to symptomatic infection in a
week’s time5 or complications of urinary tract and
other systems without developing to symptomatic
UTI.6

Examination of urine is the most common
screening laboratory procedure utilized for the early
detection of renal or urinary tract disease.7 Urine for
bacterial culture is among the most common speci-
men submitted to the clinical microbiology labora-
tories and 10 to 20% are subsequently found to be
positive for bacteriuria.8

The complete examination of urine includes:
1) Gross examination 2) Chemical examination 3)
Microscopic examination and 4) Culture.9 The whole
process of urine examination just from collection to
storage and transport to laboratory and method
applied for examination will affect the quality of re-
porting. In addition to the skill of operator, the re-
agents used also contribute to standard reporting
on specimen provided.10

Complete urine examination is a vast topic.
This review article will emphasize on specimen col-
lection, transport, storage, microscopy and process-
ing for culture.

COLLECTION OF URINE SPECIMENCOLLECTION OF URINE SPECIMENCOLLECTION OF URINE SPECIMENCOLLECTION OF URINE SPECIMENCOLLECTION OF URINE SPECIMEN

Except for the urethral mucosa which supports
the growth of microflora, the normal urinary tract is
devoid of bacteria.11 As male and female urethra
and the female peri-urethral area harbor microor-
ganisms, urine becomes easily contaminated with
bacteria from vaginal canal or perineum. To avoid
contamination, there are three methods for collec-
tion of specimen: a) Midstream collection tech-
nique, b) Catheter collection and c) Supra-pubic
aspiration.12

Midstream collection technique:Midstream collection technique:Midstream collection technique:Midstream collection technique:Midstream collection technique: Urethral
colonies will contribute only small number of bacte-
ria if collection of specimen is delayed until the ure-

thra has been flushed by passage of the first portion
of  voiding. Such clean catch, midstream, speci-
mens are quite satisfactory for culture12 and can be
collected from anyone, male or female, who retains
voluntary control of micturation.13

For urine obtained by bag technique two
samples with homogenous growth of at least >105

CFU/ml is considered significant.1

Where possible, patients should be evaluated
in the early morning first voiding. If this is not pos-
sible a period of at least 4 hours since the last void-
ing is required before the collection of initial urine for
culture.14 Women should be examined for exclusion
of vaginitis, before collection of specimen.3,14

Catheter collection:Catheter collection:Catheter collection:Catheter collection:Catheter collection:     Catheterization for the pur-
pose of obtaining urine specimen should be avoided
if possible because of the high risk of introducing
nosocomial infections. Catheterization should be
restricted to those patients who are unable to pro-
duce midstream urine sample. The culture results
obtained from midstream clean catch urine did not
differ in sensitivity, specificity and positive or nega-
tive predictive valve from a parallel in-out catheter
specimen.15 Stamm et al14 (1982) found results ob-
tained by catheterization samples similar to supra-
pubic aspiration.

Supra-pubic aspiration:Supra-pubic aspiration:Supra-pubic aspiration:Supra-pubic aspiration:Supra-pubic aspiration: In urine obtained by
supra-pubic aspiration, any growth is considered
significant.1

TRANSPORT AND STORAGETRANSPORT AND STORAGETRANSPORT AND STORAGETRANSPORT AND STORAGETRANSPORT AND STORAGE

Urine specimen delayed in transport to the
laboratory more than one hour or with visible sign of
contamination should be rejected.16 The samples
ideally should be transported immediately and pro-
cessed in laboratory because samples that sit at
room temperature for several hours can have falsely
elevated colony counts. If the sample cannot be
transported to the laboratory quickly it should be
refrigerated; samples at 40C are relatively stable for
approximately 24 hours, recommendations given by
Millar and Cox 1997.17

Boric acid as preservative was evaluated and
proved to be the best chemical for urine specimen
before culture.18
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When immediate delivery to laboratory is not
possible refrigerate the urine at 4- 6oC. When a
delay in delivery of more than 2 hours is antici-
pated, add boric acid preservative to the urine.
Specimens containing boric acid need not to be
refrigerated .19

MACROSCOPIC EXAMINATIONMACROSCOPIC EXAMINATIONMACROSCOPIC EXAMINATIONMACROSCOPIC EXAMINATIONMACROSCOPIC EXAMINATION

Sediment microscopy can be deleted if mac-
roscopic and dipstick analysis are normal.16 Only
2.4%16 or 3%20 would be found to have abnormal sedi-
ment microscopic findings after negative macro-
scopic findings and dipstick analysis. The five most
common causes of turbidity in the urines are leuko-
cytes, erythrocytes, epithelial cells, bacteria and
amorphous material. 20

Dipstick urine screening has been augmented
with nitrite and leukocyte esterase test strips avail-
able as nine test dipstick. Nitrite test is based on the
ability of enteric gram-negative bacteria to reduce
dietary–derived nitrate to nitrite. Leukocytes can be
detected by the action of esterase present in granu-
locytes and histiocytes, enabling the detection of
even lysed leukocytes that may not be recognized
on sediment microscopy.21 Leukocyte esterase strip
test is able to detect 10 WBC/µl by chamber count-
ing, denoting sensitivity of 87.9% and 95.3% respec-
tively.22

Much time and expense could be saved by
omitting the microscopic examination on those urine
specimens which are yellow and clear and have a
negative chemical reaction to the reagent strips.20

The reagent strips having the panels to detect
protein, blood, and nitrite and leukocyte esterase
were used in a study23 for urine of asymptomatic
bacteriuria during pregnancy. The sensitivity was
33% when all the four tests were used in combina-
tion and specificity was 99%. It was concluded that
reagent strips are not sufficiently sensitive for use in
the screening for asymptomatic bacteriuria and
therefore, many patients would be missed.

In another study by Rehmani24 (2004) urine dip-
stick evaluation was performed for symptomatic pa-
tients. The sensitivity of nitrite test was 81% and that
of leukocyte esterase 77% for positive cultures. How-
ever, the sensitivity for combined nitrite and leuko-
cyte esterase test was 94%. Nitrite test was more
specific (87%) than leukocyte esterase test (54%) or
both tests taken together (50%). The predictive value
of nitrite and leukocyte esterase together for a nega-
tive urine culture was 95%. Dipstick alone cannot
accurately predict urinary tract infection in emer-
gency department.

CHEMICAL EXAMINATIONCHEMICAL EXAMINATIONCHEMICAL EXAMINATIONCHEMICAL EXAMINATIONCHEMICAL EXAMINATION

Patients usually bring their first morning speci-
men on each follow up visit. This specimen is used

primarily for the detection of protein and glucose.
Urinalysis with microscopic analysis may also be
done in attempt to detect bacteriuria. Although
morning specimen has been used for detecting UTI,
there is skepticism about its value in routine screen-
ing.25

Controversy exists over the biochemical tests.
The use of strips to test for the presence of nitrites
and the ability to reduce triphenyl-tetrazolium chlo-
ride are helpful if positive, but they often yield false
negative results. Use of a leukocyte esterase (LE)
test can also yield false positive and false negative
results.3 The LE test detects esterase released from
degraded white blood cells. It is therefore, an indi-
rect measure of WBCs whose presence is induced
by urinary bacteria.26

MICROSCOPIC EXAMINATIONMICROSCOPIC EXAMINATIONMICROSCOPIC EXAMINATIONMICROSCOPIC EXAMINATIONMICROSCOPIC EXAMINATION

Correlation studies between sediment micros-
copy leukocyte count/HPF compared with cham-
ber counting WBC/µl, had variable results due to
lack of uniformity of sediments microscopy meth-
ods.16,26 Allwall 27 found the number of WBC/HPF to
be approximately 11% of the number of WBC/µl, or
approximately 9 WBC/µl for each WBC/HPF. Micro-
scopic examination of urine that shows >10 WBCs/
mm3 from clean catch midstream urine indicates
infection. If bacteria are seen in un-spun urine speci-
men, this indicates significant bacteriuria i.e. >105

CFU/ml.33333

Sediment microscopy was performed on ten
fold concentrated sediment suspension obtained
by centrifugation of 10 ml urine at 2000 rpm (radius
of 9 cm) for 5 minutes.25 The sediment after decanta-
tion was re-suspended to a volume of 1 ml. A mini-
mum of 10 HPF were scanned for formed elements,
the average of ten fields was reported (0-4 WBC/
HPF and 0-3 RBC/HPF taken as normal range).16 For
sediment microscopy, specimen was centrifuged in
15 ml amounts at 2000 rpm for 5 minutes. Signifi-
cant pyuria was inferred by the presence of more
than 10 leukocytes/ HPF. For urine gram staining, a
0.01 ml loop was used to apply mixed un-centri-
fuged urine to a slide. A positive smear was defined
as more than 2 organisms per oil immersion field.25

Pyuria was defined as five or more white blood
cells per HPF (un-spun specimen). The un-spun
specimen yields fewer false positive and is almost
as sensitive as the spun specimen.28

Urine cytological examination is an efficient
tool that has a good diagnostic yield in detecting
malignant urothelial lesions.29

Gram staining and urine culture were carried
out on urine samples from catheterized patients. The
sensitivity, specificity, positive predictive values and
negative predictive values of the test were 73.5%,
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77.7%, 76.4% and 75.0% respectively. It is con-
cluded that due to high false negative (26.5%) and
false positive (22.3%) rate, Gram staining is not a
reliable screening test for the diagnosis of urinary
tract infections.30

The presence of > 105 organisms/ml frequently
means infection where as contamination with less
than 104 organisms/ml usually do not. 31

CULCULCULCULCULTURETURETURETURETURE

Urinary infections are characterized by peri-
ods when bacteria, almost always coliform organ-
isms, multiply in the urine within the urinary tract.
When this happens the urine usually contains 100,000
or more bacteria per ml (Significant bacteriuria),
where as lower numbers of organisms are most of-
ten contaminants which have entered the urine from
urethra or external genitalia while the specimen was
being voided.6

The traditional definition for asymptomatic uri-
nary tract infection is measurement of 100,000 of a
single uropathogen per milliliter on more than one
separate clean catches, was used by few authors
while most considered one specimen of 100,000
uropathogen per milliliter as positive culture.25

Urine culture is the gold standard method for
diagnosis of urinary tract infection.26 Culture of urine
specimen could be performed by 1) Uricult dip-slide
2) Swab method of plating out 3) The standard loop
method of plating out and 4) Pour plate culture.31

The presence of UTI is defined as the exist-
ence of urinary symptoms such as frequency, urgency
of urination and dysuria with or with out bacteria
(>1×102) or pyuria (8 leukocytes per milliliter).5,32

A concentration of 103 colony forming units /
ml can cause an acute urinary tract infection in
healthy women.3,14

Quantitative urine culture is most accurately
performed by the classic dilution pour plate method
which is too expensive of time, personnel and mate-
rial for use in laboratory.33 Surface inoculation cul-
ture simple quantitative method was developed
based on standard, volume calibrated bacteriologic
loops.33 Two standard loops with the following char-
acteristics were used by Hoeprich (1960)33  to pre-
pare quantitative streak plate cultures: (1) to deliver
a 0.01 ml sample – 4 mm inside diameter fused loop
with 75 mm, shank fashioned of 3.5% rhodium and
96.5% wire of Brown and Sharp gauge-19 (0.036 inch
in diameter); (2) to deliver  0.001 ml-1.45 mm inside
diameter fused loops with 50 mm  shank  fashioned
of  3.5% rhodium and 96.5% platinum, of Brown and
Sharp gauge-26 (0.016 inch in diameter) was used.

Platinum and Nicrome closed loops are also
recommended.

Stamm et al (1982)14 found pathogens in
acutely dysuric women with Coliforms 52.40% and
less commonly, Staph saprophyticus, S. aureus, En-
terococci. Neu (1992)3 found E. coli as the most com-
mon and other organisms in the order of frequency
as Staph. Saprophyticus, Klebsiella, Proteus
mirabilis, Enterococci. While Bachman et al (1993)25

did not consider Staph coagolase negative and
Staph aureus as uropathogens while pathogens in
order of frequency were Escherichia coli, Klebsiella,
Staph saprophyticus, B streptococcus. Tincello &
Richmond (1998)23 found in asymptomatic pregnant
women uropathogens as Coliforms the most com-
mon and Group B Streptococcus, Staph aureus,
Other Streptococci, Enteroccus, Staph albus, Pro-
teus as less common. Hooton et al (2000)5 found the
following uropathogens in order for frequency as
Gram negative bacilli, Staph. saprophyticus, Staph.
aureus, Enterococci and Group B Streptococci.
While coagulase-negative staphylococci, alpha
haemolytic streptococci, lactobacilli, diphtheroids
and mixed gram-positive flora as non-pathogens.
Khan & Shah (2000)4 found uropathogens in UTI in
order of frequency as E. coli, Klebsiella pneumoniae,
Proteus spp and Pseudomonas aeruginosa.
Mohanna & Raja’a (2005)34 reported uropatho-
gens in children in order of frequency as E. coli,
Staph. saprophyticus, Proteus spp and Enterococ-
cus spp.

The uropathogens isolated in asymptomatic
bacteriuria are the same as in symptomatic bacteri-
uria.17

CONCLUSIONCONCLUSIONCONCLUSIONCONCLUSIONCONCLUSION

Treatment based only on microscopic urinaly-
sis would lead to many patients not receiving ap-
propriate treatment (high false negative rates) and
many being treated unnecessarily (high false posi-
tive rates).26   Standard methods of processing should
be adopted from the time of specimen collection,
storage and transport  to complete examination.
The following recommendations are suggested
briefly:

• The specimen should be early morning one if
possible, otherwise at least of a 4 hour stay in
bladder before collection. Midstream clean
catch is convenient method; however catheter
and supra-pubic collection methods can be
applied if indicated. The method of collection
should be described in case of collection by
the two methods.

• Processing of urine should be started immedi-
ately. In case of delay urine should be refriger-
ated at 4 to 8ºC ideally up to 2 hours but not
more than 12 hours. In case refrigeration facil-
ity is not available, boric acid (1% w/v) can be
used as preservative.
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• Dipstick analysis of urine is controversial how-
ever it can be applied in areas with out sophis-
ticated facilities.

• Lysed WBCs can be detected by the LE test.

• The results of spun and un-spun specimens
remain the same on microscopy provided stan-
dard fixed volume of urine is applied.

• The classical number of pathogens estab-
lished is >1×105 CFU/ml of urine in asymp-
tomatic UTI but less number >1×102 CFU/ml
in symptomatic patients is accepted.

• Escherichia coli is the commonest pathogen.
For the next common pathogens, there is great
variation in different communities.
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