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That the normal bladder is inherently resistant to inf ection was repeatedly expressed in urologic writing previous to 1925. However , recent
publications on urinary tract inf ections have
overl ooked this concep t which once was so well
accepted. Accordingly, we designed a sequence of
four experiments to determine, if possible, the
existence of such intrinsic resistance of the bladder to infection. This resistance, which we have
ter med "the bladd er defense mechanism," will
be shown to be the result of two factors: vesical
emptying, and destruction of bacteria by an
antibacterial action of the bladder.
The earlier studies by Guyon1 (1889) and
Rovsing2 (1898) showed that non-obstructed, nontraumatized animal bladders could not be infected by the introdu ction of pathogen ic microorganisms. These obserntions supported their
clinical im pression that the nor mal bladd er is
inherently resistant to infection. Hess3 in 1913,
although unable to produce infection by the introduction of Escherichia coli into normal clog
bladders, was readily able t<J produ ce cystitis
if an irritant substance such as paraffin or turpentine was introdu ced at the same time. In
the early part of thi s century, oth er obser vers4 8
also concluded that the normal bladder could

not be infected merel y by the introduction of
pathogenic bacteria. Cabot, 9-11 beginning in
1916, summari zed the previous work on the natural resistance of the bladder and brought the
concept into proper focus. He and his co-workers
repeated much of the previous animal experimentation and added pertinent clinical observations. He d emonstrated 11 that following cystoscopy, the normal bladder would often contain
bacteria for as long as 6 days without evidence
of cystitis and stated, "This evidence appears
to us to require the concl usion that, both experimentally and clinically, the introduction of
bacteria and even moderate traumatization of the
posterior urethra and bladder are incapable of
producing cysti tis" (p. 33).
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FIG. 1. Comparison of in vit ro growth of Escherichia coli in normal urine and in nutrient broth.
Mean results from 3 experiments.
trac t infections, on the contrary, have concentrated on the harmful effects of introducing bacteria by instrumentation and have neglected
the natural defense capabilities of the normal
bladder. A statistical relationship between
single catheterization and established infection
has been suggested_l8-20 The defenders of the
catheter,21-28 on the other hand, have been slow
to point out the role of intrinsic vesical resistance. Instrumentation has been primarily defended on the basis that urologic disorders require it,24 -26 and that few harmful late effects
follow instrumentation.27 -28 However, as we ex17 Kass, E. H.: Asymptomatic infections of the
urinary tract. Tr. A. Am. Physicians, 69: 56-64,

1956.

a - b = lag pha:,e; b - c = logarithmic phase:
c - d = station:t:-y phase; and d - e = phase of
decline (after Wilson and Miles36 ).
pect to demonstr:..te, the normal bladder has a
natural resistan.;;; provided by certain def ense
mechanisms, and appears able to defend itself .
An initial study by the authors29 showed that
inf ection of the bladder was difficult to produce
by indwelling catheter in normal subjects.
This finding is in distinct contrast to the impression gained from -pcently published observations
and opinions.13 • ;;, 30 -35 In our study of 80 subjects in whom c!l theters were placed for periods
ranging from 18 to 72 hours, the incidence of
bacteriuria was cnly 6.6 per cent after 24 hours.
Positive cultures were obtained from only 45
per cent of the bladders at the end of 72 hours
27 Talbot, H. -, Mahoney, E. M. and Jaffee,
S. R.: The eff ects of prolonged urethral catheterization: 1. Persistence of norm al renal structure
and function. J. Urol., 81: 138-145, 1959.
2 8 Cl arke, B. li. and Joress, S.: Quantitative
bacteriuria afte; use of ind elling catheters.
J.A.M.A., 174: 1S93-1596, 1960.
29 Cox, C. E. and Hinman, F., Jr.: Incidence of
bacteriuria in 110rm al subjects with indwelling
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19 Sanford, J. P. : Inapparent pyelonephritis:
The missing link? J.A.M.A., 169: 1711-1714, 1959.
2 o Windom, R. E., Bass, R. K., McBride, R. B.
and Sanford, J. P.: Routine urine cultures in 1960.
private practice. Am. J. Med. Sc., 241: 14-17, 1961.
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of continuous catheter drainage. Cultures taken
days or weeks after removal of the catheter
showed clearing of the bacteriuria in all subjects
with initially positive cultures. These observations suggested to us that the normal bladder
has a strong intrinsic protective mechanism.
In order to expose the defense mechanisms at
work, the following complementary experiments
were done. Two defense mechanisms were
studied and their relative importance was evaluated: mechanical emptying (voiding) in the
absence of significant residual urine, and an
intri j:l:sic "antibacterial" f actor or factors in the
bladder. The experimental series was designed to
investigate in sequence : I) the grow th in vitro
of bacteria in urine, 2) the change in a b>acterial
population as a result of mechanical emptying
(voiding), 3) the effect of antiba,cterial in vivo
factors upon bacterial growth; and 4) the combined effects of both mechanical emptying and
vesical antibacterial acti vity.
EXPERIMENTAL SER IES

Experiment 1. The purpose of the first set of
experiments was to determine the grow th curve
of bacteria in vitro in normal urine and to see if
this growth was similar to the rapid multiplication of bacteria that occurs in usual nutrient
media.
Methods: Sterile urine obtained from a normal subject was inoculated from an 18 to 24
hour broth culture of E. coli. An equal volume
of brain heart infusion broth (Difco) was inoculated simultaneously with an equal number of
E. coli. The urine and broth were incubated at
37°C and bacterial colony counts* obtained at
1, 2, 4, 6, 8, 12 and 24 hours. The same procedure was repeated with three other specimens
of urine.
Results: Mean bacterial counts rose essentially the same in urine as in broth (fig. 1).
These curves follow the classic curve of bacterial
growth36 (fig. 2) . Urine from these subjects then
*Quantitative bacterial counts in this and the
following experiments were c.arri.ed out by th;ee
(or four) successive tenfold d!lutwns of the ur ne
or culture medium in sterile 0.9 per cent salme
solution. One ml. aliquots of the dilutions were
then pipetted into sterile Petri dishes. Ten ml. of
melted, cooled agar waR added and mixed by
rotation of the Petri dishes.
36
Wilson, G. S. and Miles, A. A.: Topley nd
Wilson's Principles of Bacteriology and Immumty,
4th ed . Baltimore : Williams and Wilkins, 1957; p.
100.
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FIG. 3. Mech anical def ense mechanism of blad der. Bacterial counts red uced by periodic empty·
ing (voiding) of simul ated bl ad der. Data from 5
experiments.

is a medium in which the growth of E. coli is
uninhibited. That urine, within the physiologic
range of normal, will readily support bacterial
growth has been previously demonstrated, and
it has also been shown that the growth curve of
E. coli in urine closely approximates that in
nutrient broth. 37
Interpretation: Urine, under the conditions
of our present experiments, is an excellent culture medium for E. coli and does not interf ere
with bacterial multiplication under ordinary
circumstances. That urine under other circumstances may contain inhibitory substances will
be commented upon below.
Experiment 2. This experiment was to determine if mechani cal emptying (voiding) is a defense mechanism and if so, to what extent will
it remove bacteria from the bladder. By the use
of a simulated bladder, an attempt was made to
isolate the effect of voiding from the effect of
other bladder defense mechanisms.
Methods: A sterile 500 ml. flask was used to
simulate a bladd er. The subject voided directly
into this flask upon arising in the morning. The
flask was then inoculated from an 18 to 24
hour broth culture of E. coli and an aliquot was
immediately withdrawn for counting of bacterial colonies. The flask was carried in such a
way as to maintain it at approximate body temperature. Prior to each voiding during the next
24 hours, the subject inverted and drained the
flask, discarded the contents, and then voided
directly into it, so that the filling and emptying
of this extracorporeal container roughly paral37 Kass, E."H .: The role of asymptomatic bacteriuria in the pathogenesis of pyelonephr tis. In:
Biology of Pyelonephritis, ed. by E. L. Qumn and
E. H. Kass, Boston : Little, Brown & Co., 1960,
chapt. 28, pp. 399-412.
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leled that of the bladder. The following morning,
24 hours after inoculation, a bacterial colony
count was again obtained bef ore emptying the
flask. This entire procedure was done 5 times.
In 2 cases, colony counts were also obtained
at 48 hours and in 1 case, at 72 hours. In one
other case, two colony counts were obtained at
each voiding during a 24 hour period, one just
prior to emptying the flask and one just after
refilling the flask.
Results (figs. 3 and 4): Bacterial counts made
after 24 to 72 hours, during which time the
flask was periodically drained and refilled,
closely approximated the initial counts in all
cases.
Inter p retation: The results show that periodic
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in standing urine (experiment 1, fig. 1). The :
fore, draining of a simulated bladder acts as a
defense mechanism, but a limited one. It will
interfere with a bacterial population, but will
not totally rid the bladder of bacteria.
That bacteria are not progressively reduced
to a vanishing point by frequent emptying in the
absence of "residual urine" requires emphasis.
The flask, although stated to have been "drained
completely," undoubtedly contained a small
amount of residual urine, enough to wet the
inside walls. This residuum, although small
contained bacteria in the same concentratio
as the urine drained from the flask, and each
time their concentration was reduced by the
dilutional eff ect of refilling the flask. However
the number of bacteria per milliliter rapid!;
increased between periods of voiding. This
process whereby bacteria in high concentrations

f
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emptying does not completely remove bacteria
from the flask. However, emptying does restrict"
. n of. bacteria which occ
t the rap1"d accumuIatw

0-----_J--15---18-------74
HOURS

FIG. 4. Changes in

bacterial population by
periodic emptying and refilling (dilution) in
simulated bladder , showing importance of "insignificant" residual uri ne in maintaining bacteriuria at relatively constant level.

contained in a small residual of urine are diluted
to relatively few bacteria per milliliter only to
achieve again the higher concentration after a
period of incubation is illustrated in figure 4.
The same activity may be attributed to the
normal bladder. Although the absence of residual
urine is assumed in normal micturition, some
urine is undoubtedly present after voiding, if
only the small amount required to wet the mucosa (probably from 1 to 5 ml.). This "insignificant" residual, as th:s experiment shows,
prevents voiding from completely ridcfing the
1

TABLE

Hours
of Incu-

Bacterial Counts per Millilitet·

bation

Subject 1

Bladder (vol. 100 ml.)
Container (vol. 200 ml.)

2
2

Bladder (vol. 100 ml.)
Container (vol. 200 ml.)

3
3

Initial

10•*
6 X 104

Final

2 X 10 5
6 X 104

I

I

Total Bacterial Counts
Final

10'
107

I

2X 107
1.2 X 107

--------- - -Subject 2

--- -----Subject 3
Subject 4

10•*
5

----

x

10•

5 X 105

2 X 10•

Bladder (vol. 175 ml.)
Container (vol. 200 ml.)

4

4 X 104

2.5 X 104
8 X 10•

Bladder (vol. 180 ml.)
Container (vol. 200 ml.)

4
4

10•*
4 X 104

10
5 X 106

4

* Calculated by assuming 5 ml. bladder residual.

10•*

5

I

I

I

107

5 X 10'

10'

4X 108

10'
107

4.4 X 106
1.6 X 109

101

1.8 X 107

107

w•
----
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FIG. 5. Effect of bladder antibacterial defense

mechanism. Comparison of to al growth of
Escherichia coli in vivo and in v1tro. Data from
4 subjects.

bladder of bacteria. In 1934, Helmholz38 stated
that, "It is known that the sterility of the urine
is not dependent on bactericidal power of the
urine, but is probably the result of constant
washing out of the urinary passages; so probable
is this that it is stated that the normal bladder
cannot be infected by the introduction of organisms" (pp. 173-4). However, it has been
demonstrated in experiment 2 that "constant
washing" will not totally defend the bladder,
and as we shall show, the normal bladder is
resistant to infection, so some additional antibacterial factor must be present.
Experiment 3. The purpose of this experiment
was to compare the in vitro growth of bacteria
in urine simultaneously with the in vivo growth
of bacteria in the bladder in an attempt to demonstrate the presence of an antibacterial or
natural inhibitory factor within the bladder.
Methods: Four healthy young male subjects
were selected on a voluntary basis. All were free
of symptoms and findings of vesical neck obstruction and urinary tract infection. In all
cases, urinalysis, including methylene blue stain
of the sediment, showed no abnormalities and
significant residual urine as determined by the
phenolsulfonphthalein 39 test was not present.
The subject was asked to void completely into a
sterile container . and the volume was noted.
Five milliliters of a prepared dilution of an 18 to
24 hour broth culture of E. coli, containing 2
million organisms per milliliter, were then
placed both in the container and into the subas Helmholz, H. F.: Experimental studies in
urinary infections of the bacillary type. J. Urol.,

31: 173-191, 1934.
39

.

Ormond, J. K.: The phenolsulfonphthalem
test versus the catheter. J. Urol., 65:494-495, 1951.

•
2

HOURS

Fw. 6. Effect of bladder antibac terial defense
mechanism. Comparison of changes in in vivo and
in vitro bacterial counts. Data from 4 subjects.

ject's bladder through a lOF Robinson catheter.
The catheter was immediately removed. The container was then incubated at 37°C. The subjects
were instructed to void at either 2, 3, or 4 hours
after the introduction of bacteria. Before each
voiding, the glans penis was cleansed with pHisoHex. The volume of each specimen was noted.
A bacterial colony count was then immediately
obtained both from the container and from the
subject's freshly voided urine.
Results (table 1, figs. 5 and 6): Subject 1
voided 2 hours after the introduction of bacteria
and essentially no bacterial multiplication was
noted in vivo (in the bladder) or in vitro (in
the container).
Subjects 2, 3 and 4 voided 3, 4, and 4 hours
respectively after the introduction of bacteria,
and total bacterial counts were made. Although
the initial in vitro counts of 10 million increased
to over 400 million after 3 to 4 hours of incubation in the container (fig. 5), the initial in vivo
counts of 10 million organisms increased only
slightly or decreased during the 3 to 4 hours of
incubation in the bladder.
A comparison was also made of the change in
bacterial counts per milliliter. The initial in
vivo bacterial counts of one million per milliliter
(calculated from . the assumption of a 5 ml.
bladder residual) decreased to 500,000 per ml. or
less; whereas initial in vitro bacterial counts increased from 50,000 per ml. to over 2 million
per milliliter (fig. 6).
Interpretation: These experiments demon-strate that bacteria introduced into a normal
bladder are inhibited in their growth when compared to similar bacteria introduced in vitro into

---.. ---·-·-·-- ·------ ------------ ----·----·-----------..--------------7---
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introduced bacteria in a comparatively short
time (72 hours or less), it is not surprising that
the normal bladder is capable of removing the
relatively few (10-100) bacteria which may be
introduced by routine instrumentation.
Interpretation: Relatively high levels of induced bacteriuria were shown to decline steadily
and rapidly during a 6 to 9 hour period. This
steady fall in bacterial counts cannot be explained
by the defense mechanism of voiding alone, as
was demonstrated in the second experiment.
In addition, it was shown in the third experiment that the bladder, not the urine, contained
an antibacterial factor. Therefore, it must be
FIG. 7. Effect of two bladder defense mecha- concluded that this initial rapid reduction of
nisms, voiding and antibacterial fact?r, in elimina- bacterial counts and the total removal of baction of bacteriuria. Data from 4 subJects.
teria in 72 hours were the result of the combined
action of at least two factors in the bladder
urine from the same bladder. This inhibitory or defense mechanism, voiding and vesical inhibiantibacterial factor appears to be an effective tion of bacterial growth.
part of the bladder defense mechanism. It is not
contained in the urine, and seems to become
DISCUSSION
more effective the longer the invading bacteria are
Host defense mechanisms. The presence of
in contact with it.
bacteria in the body results in a conflict beExperiment 4. This experiment demonstrated
tween these bacteria and various available host
the combined action of both defense mechanisms defense mechanisms;40 principally 1) physioon bacteria introduced into the bladder.
logic barriers such as skin and mucous membrane;
Methods: The same 4 subjects used in the
2) phagocytosis; 3) inflammatory response; )
third experiment were studied further. Ten antibody production and 5) possibly other antimillion E. coli were introduced into the subjects' bacterial factors. Vesical antibacterial activity
bladders; they were allowed to remain for 2 to 4 could be the result of one or a combination of
hours, and bacterial colony counts were ob- these basic host defense mechanisms in addition
tained when the subjects voided. The subjects to mechanical emptying. It could be a comthen voided at 3 hour intervals for 9 hours. ponent of the urine, be inherent in the bladder
Bacterial colony counts were obtained at each lining or transported to the bladder in times of
of these intervals, and again in 72 hours. One to
stress by the bloodstream. Previous published
2 months later, urine was also obtained and
reports have not localized the mechanism of
cultured.
vesical antibacterial activity, nor has the total
Results (fig. 7): In 3 of the 4 cases, the initial
defense mechanism of the bladder been clarified.
colony counts were above the currently acConditions lower defense barriers. The literacepted level of significant bacteriuria 17 (fig. 6). ture contains much indirect evidence of the manSucceeding colony counts made at 3 hour inter- ner in which the urinary tract succumbs to bacvals rapidly decreased in all the subjects. After
terial invasion. Many conditions and disease
6 hours, all counts were below 20,000 per mi. have been shown or postulated to be associate
No subject was found to have E. coli in the urine with an increased incidence of urinary tract
at 72 hours and no E. coli- were present 1 to 2 infections. Diabetes,U· 41 pregnancy, 42 debilitated
months later. No pyuria was found and no symp4o Rowley, D.: Na ural inhibitors
of b!l'?ter d
toms of cystitis developed.
multiplication. In: Bwlogy of Pyelonephnt:L-ttle
These results confirm the observations of by E. L. Quinn and E. H. Kass. Boston: 1 '
Cabot,11 as well as everyday clinical experience, Brown and Co., 1960, chapt. 29, pp. 419425t. 10 of
41 Sharkey, T. P. nd oot, H. F.: In ec
:
that the normal bladder will dispose of bacteria. the urinary tract m dtabetes. J.A.M.A., 04
h "tis of
Since bladder defense mechanisms were able 2231-2235, 1935.
42 Kass, E. H.: Bacteriuria and pyelonep [ GO.
to dispose of the 10 million experimentally pregnancy. Arch. Int. Med., 105: 194-198,
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E.: Potassium deficiency and the kidney. Brit.

urinary tracts, stated, "A very important point
in the etiology of this condition (pyelitis of
infancy) is the question as to the precise nature
of the local or predisposing causes which have so
weakened the natural defenses of the urinary
tract as to make it liable to be invaded by its
normal neighbour, the Bacillus coli. Probably
the weakening influence may be something in
the nature of a chill; possibly some chemical
change in the urine may have occurred" (p.
2531).
In recent years, apparently as a result of the
failure of antibiotics to significantly lower the
incidence of chronic urinary infections, new interest in these infections has arisen. In 1960
Kass,47 in an attempt to explain how the normal
bladder clears itself of bacteria, theorized that,
"The implication here is that there is an antibacterial mechanism in the lower urinary tract
that is not a function of serum protein, that is
not mediated by inflammatory exudates, and
that is presumably related to the metabolic
activity of the bladder mucosa. A metabolic
product such as metabolically produced acid
might inhibit the multiplication of bacteria that
were in close apposition to the mucosa. The
effect of obstruction would then be to keep the
bacteria from close contact with the mucosa and
its metabolic products" (p. 116). It is this
protective mechanism which our present experiments exposes.
Inhibitory substances in urine. In 1917, Shohl
and Janney48 demonstrated that human urine
adjusted to a pH of 4.5 to 5 and 9.2 to 9.6 would
not support the growth of Bacillus coli. Davis
and Hain49 in 1918 reported the occurrence of
antiseptic properties in dog urine. This was an
inconsistent finding and was not related to pH
or specific gravity variations within the physiologic limits of the urine. The antiseptic properties were generally effective only against E. coli.
An unsuccessful attempt was made to remove
this antibacterial substance with various solvents, but they did note a tendency for growth
to occur more often in unfiltered than in filtered
urine. No similar effect was observed with the

268, 1910.

47 Kass, E. G.: Bacteriuria and the pathogenesis
of pyelonephritis. Lab. Invest., 9: llQ-116, 1960.
48 Shohl, A. T. and Janney, J. H.: The growth of
Bacillus coli in urine at varying hydrogen ion concentrations. J. Urol., 1: 211-229, 1917.
49 Davis, E. G. and Hain, R. F.: Urinary antisepsis: The antiseptic properties of normal dog
urine. J. Urol., 2: 309-320, 1918.

states/3 potassium deficiency,'-3 and neurologic
disturbances44 are but a few of these. Although
these observations are pertinent from a clinical
standpoint, it is difficult to determine how
these conditions alter the defense mechanisms.
A neurogenic bladder often is deprived of one
of the mechanisms, that of efficient emptying.
Also, the gravid uterus may te associated with
obstructive states which do not permit efficient
emptying of both the upper and lower urinary
tract, but Kass42 has demonstrated an increased
incidence of bacteriuria early in pregnancy,
probably before the obstructive factors appear.
He suggests45 that the increased incidence of bacteriuria may be related to the hormonal changes
in pregnancy. Apart from changes in vesical
emptying, these conditions and diseases apparently have in common the same end result, a
reduction of antibacterial or natural inhibitory
factors which normally participate in the defense of the flrinary tract.
Vesical defense factors. Specific references to
factors which participate in the bladder defense
mechanism are difficult to find in the literature.
The general proposition that the normal bladder
is difficult to infect was accepted long ago,
strengthened by the observations of Guyon in
18891 and later by Cabot.9 -n In 1902 Brown,4
in a discussion of the causes of acute and chronic
cystitis, attempted to explain why the colon
bacillus, a bacteria he consic1.ered to be of low
pathogenicity, became an infecting organism.
He pointed out associated factors in his series of
cases which "prepared the bladder for the reception of these germs and rendered it susceptible to their low pathor enic powers." In
all of his cases he found one or more of the following factors to be present: anemia, pressure
on the bladder which produced congestion,
relaxation of the vaginal outlet, trauma to the
bladder, childbirth, catheterization with poor
technique or direct exteiEion of infection.
Thomson46 in 1910, discussing urinary infections
in infants with presumably non-obstructed
43

Milne, M. D., Muehrcke, R. C. and Heard,

·Bull.,
13: 15-18, 1957.
44
Talbot, H. S. and Bunts, R. C.: Late renal
cha_nges in paraplegia; hydronephrosis due to
vesrco-ureteral reflux. J. Urol., 61: 87Q-880, 1949.
45
•
Kass, E. H.: Hormones and host resistance to
Infection.
Bacterial. Rev., 24: 177-185, 1960.
46
• Thomson, J.: On acute pyelitis due to Bacillus
1
co r as it occurs in infancy. Quart. J. Med., 3:251-
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filtration of human urine. Bloomfield 50 in 1920
demonstrated two mechanisms by which the
upper air passages disposed of bacteria which
had been introduced into a series of human
subjects. One method was a prompt antibacterial action by the secretions and the other a
"normal mechanical flushing process in the
mouth and nose." He pointed out essentially
the same defense mechanisms which we find
to be present in the bladder.
That the urine of humans may at times exhibit an antibacterial effect was noted by Kass.
11 • 51 He described a "natural inhibitor" which
is most effective at a urinary pH of 5, is non-volatile, alcohol-soluble and ether-insoluble, and
loses much of its activity as the pH of the urine
is raised. This suggested that it is a weakly ionizable acid. It has also been demonstra ted 37 that
changes in urinary pH or specific gravity within
physiologic limits usually have no effect upon
bacterial growth in the urine.
Jackson and Grieble 14 considered the possibility that infection might be encou raged in
some instances by the excretion of urine, which
is a better medium for bacterial growth. They
observed the in vitro growth of bacteria in normal urine, in pooled urine from patients with
urinary tract infections, in balanced salt solution and in enriched bacteriologic mediu m. No
significant diff erence in final growth was noted
in normal urine and urine from patients with
urinary tract infection ; however, the growth
rate seemed significantly greater in the latter
group. Interestingly, they demonstrated that
the addition of serum to urine did not enhance
bacterial growth, but its addition to salt solution greatly enhanced bacterial growth in that
substance. They concluded that possibly bacterial growth in urine was restricted by an
inhibitory substance which was not neutralized
by serum. These authors also found that urea
in a concentration of 0.5 gm. per cent produced
slight, but not significant, depression of bac-

of higher (2 to 4 per cent) concentrations of ure
in urine in vitro, levels which can be attaine
during dehydra tion.
Organic substances excreted in the urine, such
as lactic, acetic and mandelic acid, are known to
hav_e a tibacterial acti ity. In addition, hippunc ac1d, related chemically to mandelic acid
has recen tly been shown to be bacteriostati
when present in urine in suitable concentration.53
However, the effect of all of these acids appears
to be greatly reduced as the pH of the urine is
raised much above 5.
It has recently been suggested by Boyce and
Edwards23 that urinary mucosubstances may
potentiate bacterial invasion. They stated
"These mucosubstances which are presumed t
be 'protective' for the mucosa may actually
form protective blankets for urinary pathogens.
Such mucosubstances adhering to the urinary
passages may thus prevent bacteria from being
carried away in the urinary stream" (p. 753).
Role of immune mechanisms and hormones.
The manner in which these factors contribute to
the def ense of the urinary tract is poorly understood. Serum immune globulin deficiency54
and properdin deficiency 55 have been considered
as possible factors which increase human susceptibility to infection. Rowley40 feels that the
most fundamental antibacterial mechanism
by which the urinary tract def ends itself is the
combination of complement with natural or
acquired antibody which acts on bacteria and
prepares them for phagocytosis., Although
Hughes 56 was unable to find agglutinating antibodies in the sera of patients with pyelonephritis,
other observers, 57 using a more sensitive test,
demonstrated high antibody titers in these
patients.
53 Bode!, P. T. , Cotran, R. and Kass, E. H.:
Cranberry juice and the antibacterial action of
hippuric acid. J. Lab. Clin. Med., 54: 881-888,

1959.

Bruton, 0. C.: Agunmaglobulinemia. Pediat,
rics 9: 722-728, 1952.
5 5 Pillemer, L., Blur.CJ., L., Lepow, I. H., Ross,
0. A., Todd, E.. W. and Wardlaw, A. C.: The properdin system and immunity. I. Demonstrati_on
and isolation of a new serum protein; properdin,
and its role in immune phenomena. Science, 120:
54

terial growth in urine. More recently, Schlegel
and associates52 have noted bactericidal effects
so Bloomfield, A. L.: The fate of bacteria introduced into the upper air passages. II. B. coli and
Staphylococcus albus. Bull. Johns Hopkins Hasp., 279-285, 1954.
56 Hughes, W.
31:14-19, 1920.
H.: Failure of immunity re-.
51 Kass, E. H. and Ziai, M.: Methionine as a
sponses in localized disease. Brit. Med . J., 1: 366urinary tract antiseptic. Antibiotics Annual, 368, 1945.
57 Needell, M. H., Neter, E., Staubitz, W. J: 3:nd
1957-1958, pp. 8G-85.
s2 Schlegel, J. U., Cuellar, J. and O'Dell, R. M.: · Bingh am , W. A.: The antibody
(hemagglu mm)
Bactericidal eff ect of urea. .J. Urol., 86: 819-822,
response of patients with infections of the urmary
1961.
tract. J. Ural., 74: 674-682, 1955.
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Fw. 8. Schematic illustration of bladder defense mechanisms. Free growth of bacteria (upper curve)

is reduced to constant level by voiding (middle curve). Area between these two curves = mechanical
defense mechanism. Bacteria which can be recovered from bladder reduced to zero (lower curve) by
both defense mechanisms. Area between middle and lower curve = antibacterial defense mechanism.
That resistance to infection is closely related
changes is well recognized. This
relationship is obvious in some instances, such
as insulin deficiency and postmenopausal estrogen depletion, but is obscure, particularly in
relation to subtle changes in adrenocortical and
thyroid function.45 · 58 In addition, the mechanism by which hormones exert their influence
is unclear. It would seem that a more thorough
understanding of normal hormonal action is
necessary before their function in abnormal
states can be properly evaluated.
Effect of obstruction on defense mechanisms.
The association of urinary tract obstruction and
infection is well documented in the literature.
That obstruction often results in measurable
amounts of residual urine is common clinical
experience. The concept of a stagnant pool of
urine teeming with bacterial growth is frequently
presented. We have pointed out that the normal
bladder contains a small residuum, yet it is
resistant to infection. However, with significant
residual urine, as in the presence of obstruction,
it is unable to combat bacteria. An inefficient
emptying mechanism, therefore, permits bacterial invasion and continuing infection.

to hormonal

58 Kass, E. H.: Effect of corticosteroids and f
hormones of pregnancy on the lethal action of
bacterial endotoxin. Ann. N. Y. Acad. Sci., 88:
107-115, 1960.

In addition, there is some evidence to suggest
that the deleterious effects of obstruction are
greater than can be accounted for by residual
urine alone. Campbell 59 has postulated a decreased phagocytic activity of the urinary epithelium when backpressure is applied. Mehrotra60 repeated some of the earlier work on the
natural resistance of the non-obstructed animal
bladder. In addition, he demonstrated by an
ingenious technique that in the presence of increased intravesical pressure,
intravenously
injected particulate matter and bacteria would
become localized in the bladder wall. He also
pointed out, as did Hess3 in 1913, that introduction of irritating substances such as xylol had
but a mild effect on the bladder mucosa, but if
bacteria were simultaneously introduced, an
intense inflammation resulted. Irritating substances apparently do not "call out" the natural
defenses, but rather decrease their effectiveness.
More recently, workers13· 15· 47 • 61 studying
59 Campbell,
M.: Clinical Pediatric Urology.
Philadelphia: W. B. Saunders Co., 1951, p. 357.
60 Mehrotra, R. M. L.: An experimental study
of the vesical circulation during distension and in
cystitis. J. Path. and Bact., 66: 79-89, 1953.
61 Gorrill, R. H.: Bacteriology and pathogenesis
of experimental pyelonephritis. In: Biology of
Pyelonephritis, ed. by E. L. Quinn and E. H. Kass.
Boston: Little, Brown and Co., 1960, chapt. 1,
pp. 3-10.
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experimental pyelonephritis have postulated
that the association of upper urinary tract infection and obstruction may not be entirely the
result of a residual pool of "stagnant urine."
Obstruction, in some manner, may interfere
with the "natural inhibitory factor" or "antibacterial factor" in the kidney.
SUMMARY AND cci'NcLUSIONS

in nutrient broth; thereby demonstrating that
urine under ordinary circumstances is not antibacterial.
The second experiment showed that vesical
emptying (voiding) reduced bacterial counts
but was insufficient to completely rid the simu
tated bladder of bacteria.
The third experiment indicated that the growth
of bacteria in vivo was limited by an antibacterial factor, as demonstrated by a comparison
of the growth of bacteria introduced into a subject's urine in vitro and the simultaneous growth
of bacteria introduced into the same subject's
bladder.
The last experiment showed that bacteria
introduced into the normal bladder rapidly decreased in number in 6 to 9 hours, and completely disappeared in 72 hours. This demonstrated the combined effect of both bladder
defense mechanisms, each increasing the effectiveness of the other. These two defense mechanisms
and their relative effects can be schematically
illustrated (fig. 8) to show that mechanical
emptying levels the normal bacterial growth
curve, but the presence of an intravesical antibacterial factor is necessary to reduce the curve
to zero.

That the normal bladder is inherently resistant to infection was pointed out before the
turn of the century. This natural resistance
has, however, been overlooked :i:n recent work
on urinary infections, as is particularly evident
in the recent controversy over the role of instrumentation in the etiology of · infection.
Therefore, an attempt has been made to investigate this resistance, which we have termed the
"bladder defense mechanism."
This investigation has demonstrated, as was
suggested by a previous study by the authors
on retention catheterization, that the normal
bladder is resistant to infection. It is shown that
this inherent resistance is provided by at least
two defense mechanisms: one, the mechanical
factor of voiding; and, two, an antibacterial
factor or factors, inherent in the bladder, and
not contained in the urine.
The advice of Dr. Ernest Jawetz, professor of
Four complementary experiments were carried out. The first showed that the in vitro mul- microbiology, has been invaluable throughout
tiplication of bacteria in random urine is similar the investigation. The technical assistance of
to the rapid bacterial multiplication that occurs Miss Joyce Amluxen is gratefully acknowledged.

