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INTRODUCTION
w =E

The prevalence of asymptomatic urinary
tract infection in a sampled hospital out-
patient population is estimated at S%.l
Since studies based on outpatient popu-
lations cannot be applied to the general
population without reservations, estimates
as to prevalence in the general popu-
lation remain tentative, However, 1if
asymptomatic urinary tract infection of
this magnitude does exist in the general
population, mass screening techniques
might be warranted for purposes of
detection and treatment.

The most generally used procedure for
detecting bacteriuria is the broth culture
of a urine specimen. This approach is in-
adequate because the common occurrence of
scant contamination during collection of
the specimen yields an inordinately high
number of false "positive" cultures.
Since a common contaminant, E. Coli, is
also the most common pathogen, the "posi-
tive" broth culture is difficult to eva-
luate and often must be repeated. This is
time-consuming and, moreover, hardly suit-
able for survey purposes when subjects may
be available on only one occasion. Recent
studies have amply shown the value of
quantitative bacteriology ("urine colony
count")on fresh urine specimens in
differentiating casual contamination from
significant bacteriuria.l”3 TIn the
initial studies catheterized specimens
were utilized for the quantitative bacter-
iology. Unfortunately, the unpleasantness
of the procedure and the risk of intro-
ducing infection, estimated at 2%}"3'4'5'6
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preclude catheterization in mass popu-
lation studies. As an alternative to
catheterization, Merrit and Sanford have
shown that clean-voided urine specimens
collected by nurses are entirely adequate
for quantitative study.5»7 As part of
a large scale epidemiologic survey of
Atomic Bomb survivors being conducted at
the Atomic Bomb Casualty Commission (ABCC)
in Hiroshima, Japan, we tested the feasi-
bility of male and female subjects col-
lecting their own clean-voided specimens
after instruction by nursing personnel.
Furthermore, since colony counting re-
quires much time, expense and personnel,
we tested the use of the Gram-stain of the
urinary sediment in determining which
urines actually require the more elaborate

procedure of colony counting on plated
media.89
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METHODS
-
| Selection of patients 1 BE o0 RER

ABCC patients consist of Atomic Bomb
survivors within 2 000 meters of the hypo-
center and suitable comparison groups who
received presumably negligible or no
irradiation. Urine specimens were taken
without knowledge of the patient’s radi-
ation exposure classification from all
hypertensive subjects and roughly twice as
many randomly selected, non-hypertensive
subjects during a four month period. The
ages of the 441 patients studied range
from 17 to 83 years with 95% of patients
being evenly distributed between 30 and 69
years. No pregnant females were included.

Il Collection

The purpose of the procedure was ex-
plained to the patient and instructions
were given on the method of collection.
After washing hands with soap and water,
the patient prepared for collection
by cleansing the glans or vulva with
a cotton ball soaked with 1:1000 aque-
ous Zephiran (). The meatus was then
dried with a sterile cotton ball, and
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a mid-stream urine specimen was collected
in a sterile, routine specimen jar. The
collected specimen was covered and taken
immediately to the laboratory, where
inoculation of the cultures was carried
out within a two hour period.

11l Bacteriologic technique

A 10 ml. aliquot was aseptically re-
moved and placed in a sterile, conical
centrifuge tube. After centrifugation at
3,000 r.p.m. for fifteen minutes, the
supernatant was decanted, and the sediment
studied as follows: (1) A portion was
removed with a sterile platinum wire loop,
placed on a slide, and a Gram-stain done.
(2) In all instances blood agar, EMB agar
and thioglycolate broth were inoculated
with the sediment.

The quantity of urine plated for the
colony count was determined by the number
of bacteria seen in the Gram-stain of the
sediment. If '"mone" or '"rare" bacteria
were seen, the urine was not diluted, but
if "few" or "many" bacteria were seen ap-
propriate dilutions in normal saline were
made as follows: (a) "few" 1:10 dilution;
(b) "many" 1:100 or 1:1000 dilution.
Counts were done on selective media for
both Gram-positive and Gram-negative
organisms. For Gram-positive organisims a
media containing blood agar plus 0.02%
Sodium azide (Difco B45) was used; for
negative organisms Tergitol-7 Agar (Difco
B455) was used. The prepared plates were
inoculated with 0.1 ml. of the appropri-
ately diluted specimen, using a sterile
1 ml. pipette. The inoculum was evenly
spread with a sterile platinum wire loop.
When the plate had been incubated for
twenty-four hours at 370C, the colonies
were counted with a Quebec colony counter.
Counts were corrected to 1.0 ml. of urine
and reported separately for the selective
media. When the count was under 10,000
col./ml., identification was usually made
on the basis of colony characteristics and
the Gram-stain. In all cases of pure
growth or where the count exceeded 10,000
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col./ml., the usual biochemical reactions
were used to confirm the identification.
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RESULTS
LA |

I Colony counts with casual
contamination

The problem of collection was greater
in the females. Thus, the data are shown
separately by sex in Table 1 and Figure 1.
It will also be seen that counts on con-
taminated specimens rarely exceeded 10,000
col./ml. of urine. The counts exceeding
10,000 col./ml. were 15,000 col./ml. on
two occasions and 20,000 col./ml. on one
occasion. Two were in diabetic subjects

with glycosuria and the remaining one-.

in an obese female with T. vaginalis
infection.
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TABLE |
DISTRIBUTION OF URINE BACTERIA COLONY COUNTS IN NORMAL SUBJECTS
FIEX EFEFACHPUIARPMAREZ KO S B

LOG OF THE COUNT NUMBER OF MALES NUMBER OF FEMALES TOTAL

B EE # 3B k'S 7t

0 131 72 203

1 50 57 107

2 17 65 82

3 4 33 37

4 1 4 5

5 0 0 0

TOTAL & 203 231 434

Il The Gram-stain 75 n6%a

Table 2 shows the distribution in normal
subjects of Gram-stain reports on the
urinary sediment as related to the final
colony count. Many bacteria were seen in
the sediments of only 3.5% of male urines
but in 22.3% of female specimens. The
nature of these bacteria is considered
below.
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FIGURE 1 FREQUENCY OF URINE BACTERIA COUNTS
PLOTTED SEPARATELY BY SEX
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TABLE | 2
IN NORMAL SUBJECTS OF VISIBLE BACTERIA

IN THE URINE SEDIMENT AS DETERMINED BY THE GRAM-STAIN

BoOER 7L RBEIZLIZEEACIE ARG E P MEHE

GRAM STAIN 43 Liffa
LOG OF THE COLONY COUNT MALES L) FEMALES X
0-RARE| FEW MANY | TOTAL |O-RARE| FEW MANY | TOTAL
RiER He o—#p| e | sm | # |o-mo| om | sm | #
] 116 13 2 131 41 21 10 72
1 32 14 50 28 22 7 57
2 12 4 1 17 18 24 23 65
3 2 2 0 4 12 11 10 33
4 0 1* 0 1 1% 0 1 2
5 0 0 0 0 0 o] o] 0
TOTAL & 162 34 7 203 100 78 51 229
* DIABETIC PATIENTS *EJIBEIRIFAESE
THE GRAM-STAIN WAS NOT DONE IN TWO FEMALE SUBJECTS,
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Ill Types of contaminants in urines
with a positive Gram-stain
("mcny"

Table 3 shows the distribution of the
contaminating flora. Diphtheroids and
Staphylococcus albus coexisted in the vast
majority (86%) and were the hallmarks of
contamination. One or the other was
present in combination with another con-
taminant in 93% of the cases. E. Coli
and enterococci (not exhibiting beta-
hemolysis) made up the bulk of the
remaining contaminants. In only one case
was a count of less than 10,000 col./ml.
associated with a pure growth. This was
a 9,000 col./ml. count of A, aerogenes in
a patient who, following panhysterectomy
and irradiation for adeno-carcinoma of the
uterus, was shown to have considerable
residual bladder urinary volume (120 ml.)

at the time of our studies. A clean-

voided specimen and a catheterized speci- -

men done serially were almost identical

(case 6 in Table 4),

M 756B%( "88,) 2R T RE
FEEOESR

FEIRIBEHFLEOIHE R T, V77
) YRR & HBEREEREREIIAZH (86%) 2
WTHEL, FROEEL o7, BlzZnu T
Nh—HH OB RE L RBET 2L DIk, 20
B%I\ZE LT, KIBEERVBRE (8 BMHRERE
RIZVHD) HR) DFREOAETE EH S,
MEEBEDERIV LN Tlec BV EFHE D
10, 00LA FTh273nW 1L TH D%, 2h
X7 e A ZAEDEFE 1ce D 9000 % £z 711
T, BHERIFERED - F a2 itk ket
BRBEL 2T, x HRE & EhE L 72 SRR
PIZHHSEDIR (120 cc)DiFHEERA LI 12
DT, FHHRS N OHRHIK & ERIZOWT
EE L —EOREDERIIFEA LB L T
(Ba4EROE 61) ,

TABLE 3
NATURE OF THE CONTAMINANT [N URINE SPECIMENS IN WHICH THE GRAM-STAIN REVEALED ABUNDANT BACTERIA

B3R /7L REBEZINEZHOMBLRADLRPIFRY D ERE

LOG OF TOTAL DIPH- ENTERO- AEROBACTER PRO- PARA- LACTO-
COLONY COUNT|CASES| THEROID FALOUSIE oLl coccl & KLEBSIELLA|TEUS S AU COLON|BACILLIS
Y77 Y% | BEWERK 7rariAm WewmE | Rt
5 e % t ;
EEH A | RfIE o i KB 5 R R UK E37 WIRE | KB FLEH
0 12 10 11 5 4 0 0 0 1 1
1 1 10 11 3 0 0 0 1 0
2 24 23 24 11 7 0 0 2 3 0
3 10 8 6 8 5 4 2 0 0 0
4 1 1 t 0 0 0 0 0 0

IV Urinary tract infections in
this period

Seven patients with significant bacteri-
uria were detected in the study period and
were studied more extensively ( Table 4).
Ten to 116 days elapsed between the
collection of the first and second clean-
voided urine specimens. The findings con-
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URINARY

TABLE 4
INFECTIONS DETECTED DURING THE STUDY PERIOD

F4x AEHMPIIRELCBRERE

PATIENT WITH | COLONY COUNT ON|COLONY COUNT ON GRAM-NEG.
AGE AND SEX | GRAM-NEG. MEDIA|GRAM-POS. MEDIA ORGAN I SM REMARKS
& :’7A$fi 75 LBtk 75 LA % =
F4. 5 BREEEEN HERAREK
1,000,000 0 E. COL! Xkig@E HISTORY OF RECURRENT CYSTITIS,
1. MIT, 49, F 484,000 0 E. CoLl ” B2 1L 0 BREERECRRE R A AL 2 T LA HB,
180,000(cC) 0 E. coL|
4,49, &
2. HIR, 61. F 500, 000 1,000 E. COL! ki@ PREVIOUS BOWEL SURGERY. HISTORY OF NOCTURIA AND
= i » ‘.000'000 0 E. coLI 7 LOW BACK PAIN,
LEGLGIBOFMERILZ LN S,
0,61, & RS U T HRMOBEAEES 55 6
500,000 0 E. COLI ki HISTORY OF RECURRENT FYELONEPHRITIS. SURGERY
3. MOR, 69, F *14,000 0 E. coLl B FOR RETROFLEXED UTERUS.
B CHER I RARA LTFERBOFNE RO HE,
4,69, & 10,000,000(¢) 0 E. COLL™ ¥
F 80,000 0 E. COLI kig HISTORY OF ACUTE PYELONEPHRITIS 20 YEARS PRE-.
4' 1 ® 65' ‘ 000 Ooo o E coL! ” VIOUS. |VP SHOWED CALCIFIED PELVIC MASS DEFLECT-
L ' : ING THE LEFT URETER, KIDNEYS NORMAL.
V.65, % 206 ATBERERE AL, MEEREERM- L ) ARIEL A8
e PR L A EBMREDORG LN 5, WRIZIIRREBHZ O,
7.000 0 E. COLI, ~kip@ NOCTURIA(3-4 TIMES) 'SINCE YOUTH' WITH DAYTIME
5. SUE 49 F 100,000 0 E. CoL| ” FREQUENCY BUT NO DYSURIA.
j ' ' 18,400,000 0 E. CoL! ” B3 X AUSE O G HRE (3—4E) 250
5,350,000(c) 0 E. coLl ” B LIRS 2 5, B LHKERIZ
+.49, &
9,000 0 A. AEROG. Zf;°7' PELVIC CARCINOMA; POST-SURGERY, FINDINGS CON-
6. Mlv, 54. F ..|0.240 0 KLEB. PN. Mﬁ‘fi SISTENT WITH-RETENTION CYSTITIS.
**11,560(C) 120 KLEB. PN. i~ RS E OFhioEnL0,
4,54, & REEEOWI RS En5,
7. suz. 54, F 50,000 230 B.PARACOLON;,(*"fi NO SYMPTOMS AT TIME OF ROUTINE EXAMINATION.
: ; : 1,000,000 (¢} B.PARACOLON - | 4fi—BMEOFIIEERTH 2,
1,54, &

*BELIEVED TREATED BY HER PRIVATE PHYSICIAN SHORTLY PRIOR TO OBTAINING THIS SPECIMEN,

**0OBTAINED SERIALLY,

THE COLONY COUNTS ARE LISTED IN THE ORDER OBTAINED.

CATHETERIZATION TECHNIQUES.

*HRRERICH)DUOEMIIL2ERMERT L LDER DN A,

o —EEERR LG,

COUNTS LABELED (C) WERE OBTAINED BY STANDARD

RERIIRE ORI, (C) BfFLALDRMEBREIZLVRIR L Do

form with the experience that high counts
remain high and that catheterized speci-
mens subsequently yield counts of the same
order of magnitude as the previous clean-
voided specimen. High colony counts tend
to yield pure growth although such counts
were occasionally associated with the
simultaneous isolation of S. albus or a
diphtheroid. All cases of true bacteri-
uria had the Gram-stain reported as "many
Gram-negative bacilli'' except in patient
5 (Table 4) at the time that the colony
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count was 7,000 col./ml., and the Gram-
stain was reported as "few Gram-negative
bacilli." Counts of under 10,000 col./ml.
are consistent with a Gram-stain report of
a "few" organisms.

D) BEGFIETH 1ec ) DEFHATO0DREIZ
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DEFEEH10, 000K HBOIBAILT ME L, L&
V77 LREDRBRE—BL TV 3,

DISCUSSION

Sanford, et al. showed that there was a
significant shift in the flora isolated
from urines with counts over 1,000 col./ml.
and considered that values over this
indicated infection.?2 Kass felt that
contamination yielded counts generally
under 10,000 col./ml. and that infection
generally yielded counts over 100,000
col./ml. He indicated that there was an
overlap in the range of 10,000 to 100,000
col./ml. (log 4).1 In the discussion
that followed the presentation of Kass’
paper, Sanford stated, "..We felt that
numbers of bacteria somewhere around
10,000 were significant for infection.
Actually ... the number is somewhere
between 10,000 and 100,000.." 1 The
current experience 1s in agreement with
this conclusion, despite the fact that
catheterization was not used in the
collection of the specimen.

In considering the seven infected
patients detected, it should be noted that
all were females over 49 years of age and
that a thorough clinical history in six
would have sufficed to alert the physician
to the possibility of a urinary tract
infection (Table 4). These considerations
aside, however, the Cram-stain proved ade-
quate in presaging -significant counts in
all cases. Thus, of the 64 cases in
which the Gram-stain revealed abundant
("many'") bacteria, these were seen to be
Gram-negative bacilli in six instances,
and all six subsequently showed persistent
bacilluria on repeated culture (6/64). Of
172 cases classified as '""none", '"rare" or
"few" in the Gram-stain procedure one was

5 ®
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subsequently shown to be infected (1/172).
A 95% confidence interval on 1/172 would
have an upper limit of about 3.2%. This
is the estimate of error that mass use of
the Gram-stain seems to imply. Alterna-
tively, one might say that one urinary
tract infection in seven (1/7) would go
undetected if the Gram-stain alone were
used. However, it is reasonable to anti-
cipate that the Gram-stain, at best, agree
with the subsequent colony count. In such
case, the apparent error (case 5) had a
colony count (7,000 col./ml.) below that
regarded as diagnostic. This implies that
case 5 did not have significant bacilluria
at the time the Gram-stain was done.
If so, the above figures are better
considered 6/64, 0/172, and 0/6.

Since a Gram-stain classified as "many"
was noted in only 3.5% of males, this
classification may justify further quanti-
tative studies in males. However, in not
a single one of these male subjects
did the Gram-stain reveal Gram-negative
organisma. In four cases, abundant
Gram-positive rods were noted and in the
remaining three cases, Gram-positive
cocci. The Gram-stain applied under these
conditions in women was classified "many"
in 22.3%, and this classification would
appear to-be less efficient in females for
screening purposes. Actually, contami-
nating organisms in the specimen were
usually identified as Gram-positive coccl
(Staphlylococci) and club-shaped rods
(diphtheroids). Thus, for screening
purposes a urinary sediment exhibiting
"many" Gram-negative organisms may be con-
sidered presumptive evidence of infection.
This is not meant to imply that only
Cram-negative organisms are pathogenic,
but only thet for screening non-hospital
populations, this classification will
suffice.

Contamination was not only discernable
by the absolute count but by the nature of
the isolated organism. Thus, the combi-
nation of S. albus and diphtheroids was
virtually diagnostic of some degree of
contamination. Commonly associated with
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either or both were E. Coli and entero-
cocci. In the case of true bacilluria
with coincident but scant contamination,
the use of counts on differential media
sufficed to delineate the situation. In
such cases the medium selective for Gram-
negative organisms yielded high counts
compatible with infection and the medium
selective for Gram-positive organisms
yielded no growth or a scant count con-
sistent with contamination (cases 2,6,7).

Caution must be exercised in interpre-
tation of results obtained with urine
specimens of diabetic patients. Firstly,
it is conceivable that Gram-positive
organisms may more frequently be patho-
genic in diabetic than in normal subjects.
If this is the case, abundant Gram-
positive cocci in the urine sediment from
a diabetic subject would not be so
suggestive of contamination as it is in
normal subjects. OQur data offer no
evidence for this. Rather, it should be
pointed out that the two diabetic subjects
with counts exceeding 10,000 col./ml. did
not have abundant flora in the sediment
(Table 2). This finding is consistent
with the alternatives that contaminants
from diabetic patients contain a greater
number of viable organisms or that glyco-
suria creates an optimal medium for
contaminant growth in the period between
staining and plating of the specimen. If
the latter is correct, it underscores the

urgency of immediate plating of diabetic
urines.

At the termination of this segment of
the study the nursing personnel were
invited to make comments. They noted that
patients unavoidably wet the outside of
the specimen jar during collection and
understandably found this aesthetically
unpleasant when subsequently handling the
jar. We successfully eliminated this by
using the apparatus shown in Figure 2 to
hold the specimen jar during collection.
Thus, during and after collection, the
patient no longer had to hold the contain-
er, which instead was handled by a gloved
nurse. The value of this simple modifi-
cation 1s most appreciated by patients.
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FIGURE 2
APPARATUS FOR HOLDING CONVENTIONAL URINE SPECIMEN JAR
DURING COLLECTION OF CLEAN-VOIDED URINE
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SUMMARY AND CONCLUSIONS
HERUVER

1. Clean-voided, midstream urine speci-
mens were obtained from 441 ambulant, non-
hospital subjects and examined by means of
the Gram-stain and quantitative culture
technique.

2. Collection was performed by the sub-
jects themselves after appropriate
instruction, and this yielded specimens
satisfactory for quantitative study.

3. The Gram-stain of the urinary sedi-
ment proved efficient in presaging true
bacilluria. The presence of abundant
Gram-negative organisms in a fresh urine
sediment may be considered presumptive
evidence of a urinary tract infection.

4. Utilizing pre-poured, selective
media, it was found that counts exceeding
80,000 to 100,000 col./ml. indicate true
bacteriuria and will be confirmed by
repeated studies.
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