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Studies of patients with acute and chronic pyelo-
nephritis have suggested that impairment of uri-
nary concentrating ability may be an early feature
of this disease (1-3). In these reports the diag-
nostic criteria for pyelonephritis have included
clinical and pyelographic findings together with an
abnormal urinary sediment with or without posi-
tive cultures. More recently, increasing emphasis
has been placed on significant bacteriuria deter-
mined by quantitative urine cultures as a criterion
for active pyelonephritis (4). In some subjects
in whom bacteriuria has been discovered for the
first time by quantitative urine cultures, the diag-
nosis of pyelonephritis has then been established
from the clinical and laboratory findings (5); but
in other individuals with asymptomatic bacteri-
uria, the normal urinary sediment and pyelo-
graphic findings, and even postmortem microscopic
examination of the kidneys, have not supported a
clinical suspicion of silent pyelonephritis (5, 6).
The present study was undertaken to determine

whether an abnormality in concentrating ability
might exist in healthy individuals with numerically
significant bacteria in the urine. Pregnant women
were chosen for study, since the incidence of bac-
teriuria is reported to be high in this group (7),
whereas conditions known to impair concentrating
ability, such as malnutrition, electrolyte disturb-
ances and degenerative renal diseases, would not
be encountered commonly among young, pregnant
women. The present report concerns the finding
of impaired urinary concentrating ability following
24 hours of fluid deprivation in pregnant women

* This investigation was supported by research grants
from the National Institutes of Health, Bethesda, Md.,
the American Heart Association, and the Life Insurance
Medical Research Fund. This paper was presented (in
part) at the National Meeting of the American Federa-
tion for Clinical Research, Atlantic City, N. J., May 1,
1960.

with asymptomatic bacteriuria, compared with a
suitable control group.

METHODS

The subj ects were healthy, pregnant women attending
the Beth Israel Hospital Prenatal Clinic. A detailed
report concerning bacteriuria and pyelonephritis in this
group has been presented elsewhere (8). The technique
used to obtain clean-voided urine cultures was as fol-
lows. The perineum was cleansed with sponges im-
mersed in a 1: 1,000 solution of benzalkonium chloride.
A voided specimen was then collected in a sterile bottle
and promptly refrigerated. Within 24 hours quantita-
tive urine cultures were performed with limited identi-
fication of those bacteria appearing in significant num-
bers as described previously (5). Pregnant women
whose cultures revealed approximately 100,000 or more
bacteria per ml in a random, clean-voided urine speci-
men obtained at the first clinic visit were requested to
return for a repeat culture. If the second, random, clean-
voided urine specimen again contained 100,000 or more
bacteria per ml a 24 hour fluid-deprivation concentration
test was carried out. Subjects were told that a urinary
tract infection might be present and were instructed to
refrain from all fluids from breakfast on one day until
after completion of the test the next morning; dry meals
were permitted. Initially only a single, clean-voided
urine specimen for culture and determination of osmo-
lality was obtained at the termination of the 24 hours of
dehydration. Later in the study a 24 hour urine collec-
tion during the period of dehydration was also obtained
for determination of the endogenous creatinine clearance
and the osmolal clearance. Subjects were asked to keep
the 24 hour urine collection refrigerated; no preserva-
tives were used. A venous blood specimen was obtained
at the end of the period of dehydration for determination
of creatinine and osmolality. All samples were refrig-
erated until analyzed. Osmolality determinations wdere
performed within 24 hours for most specimens.

Pregnant women of age and duration of pregnancy
comparable to those with bacteriuria, but with low bac-
terial counts in clean-voided urine specimens, were
chosen as control subjects. It was difficult to match the
groups exactly with respect to parity since the incidence
of bacteriuria rose sharply with the number of prior
pregnancies (7, 8). However, as many grandmultiparous
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BACTERIURIA AND URINARY CONCENTRATING ABILITY IN PREGNANCY

control subjects as could be obtained were included to
make the groups as comparable as possible. To provide
a similar incentive to refrain from fluids for 24 hours,
all women were told that a urinary tract infection might
be present.

Osmolalities were measured with a Fiske osmometer.
Creatinine was determined by the method of Brod and
Sirota (9). Since endogenous serum creatinine levels
are low in pregnancy (10), a known amount of creati-
nine was added to some specimens to bring the photo-
metric readings into a more desirable range, and this
amount was substracted from the final calculation.

RESULTS

The results are considered separately for three
different groups of subjects. The first group (A)
was composed of 20 women whose urine speci-
mens persistently contained over 100,000 gram-
negative bacteria per ml, usually E. coli; none
was encountered with persistently high counts of
gram-positive organisms. These 20 women were
considered to have bacteriuria indicative of bac-
terial multiplication within the urinary tract. Data
for this group are shown in Table I. The sec-
ond group (B) were 30 women whose urine speci-
mens repeatedly contained fewer than 100,000
bacteria per ml. These organisms were presumed
to represent contamination. Women with persist-
ently low-count urine cultures were not considered
to have bacteriuria and served as a control for
Group A. Data for this low-count control group
are shown in Table II. The third group (C) in-
cluded 20 subjects whose urine specimens had
more than 100,000 bacteria per ml on one occasion,
whereas other specimens from the same individual
at other times contained small numbers of bacteria.
In general, the bacteria in Group C were gram-
positive, varied considerably in kind and concen-
tration, and most likely represented contamina-
tion rather than true bacteriuria. However, oc-
casionally gram-negative bacteria appeared in
large numbers in one or more specimens and it
was difficult to distinguish excessive contamina-
tion from transient bacteriuria. Data for Group
C subjects are presented in Table III.
Women with asymptomatic bacteriuria (Table

I) had significant impairment of urinary concen-
trating ability compared with control subjects in
Group B without bacteriuria (Table II). Serum
osmolality values after 24 hours' dehydration
were the same in both groups. Nine of the 20
women in Group A had urinary osmolality values

below 700 mOsm per kg H2O in the final speci-
men following dehydration; none of the women in
the control Group B showed this degree of im-
pairment. Subjects in Group C with occasional
high bacterial counts in the urine, probably due
to contamination, had maximal urinary osmolality
values after 24 hours' dehydration, similar to those
for control Group B. The impairment in concen-
trating ability observed in women with asympto-
matic bacteriuria was highly significant (p <
0.01) compared with the control Group B, both
with respect to the mean maximal urinary osmo-
lality (706 mOsm per kg H2O for Group A, com-
pared with 935 mOsm per kg H2O in Group B)
or the mean maximal urine/serum osmolality ra-
tio (2.41 for Group A compared with 3.16 for
Group B). Except for the subject with the se-
verest impairment (Subject 12 in Group A),
symptoms of urinary frequency or nocturia did not
reflect the degree of impairment of concentrating
ability in the 24 hour concentration test.
Serum creatinine concentrations determined in

all 20 women with bacteriuria in Group A and in
21 women in the control Group B did not differ
significantly. Timed urine specimens during the
24 hour period of dehydration were obtained
from 9 women in Group A and 19 women in
Group B. The rates of solute excretion and
osmolal clearance averaged about 9.5 per cent
higher in the Group A women with bacteriuria,
but these differences were not significant. The
endogenous creatinine clearance averaged about
20 per cent lower in the bacteriuric group (0.05 >
p > 0.02). The combined effects of a slightly
higher osmolal clearance and slightly lower creati-
nine clearance resulted in a significantly higher
percentage of filtered solute which was excreted
for Group A as calculated from the ratio Co.m/
CCr X 100 (mean value 1.53 for Group A, 1.10 for
Group B, t = 2.98, p < 0.01). However, the
maximal urine osmolality following fluid depriva-
tion was not correlated with the COm/CCr ratio.

Hypokalemia, hypercalcemia, and sickle cell
disease, conditions known to be associated with
impaired concentrating ability, were not present
in these subjects. It is emphasized that women
with bacteriuria as a group could not be distin-
guished from those without bacteriuria on the ba-
sis of history, physical examination (including
blood pressure), pyuria, or proteinuria (8).
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TABLE IV

Routine urinalysis at first prenatal clinic visit for Group A subjects with bacteriuria (see Table I)

Urinary sediment

Subject Date Sp gr Protein* Sugart WBC RBC Casts Bact.$

no./high-powered field
1A 11/18/58 qns 0 0 8-16 0 0 4+
2A 11/18/58 1.022 0 0 0 0 0 3+
3A 11/18/58 1.012 0 0 occ. 0-2 0 3+
4A 12/ 9/58 1.020 0 0 OCC. OCC. 0 3+
5A 12/30/58 qns 0 0 1-3 occ. 0 4+

6A 1/13/59 1.023 0 0 OCC. 0 0 3+
7A 1/13/59 1.015 0 0 0 0 0 0
8A 3/31/59 1.012 0 0 0 0 0 4+
9A 4/ 7/59 1.012 0 0 1-3 0 0 4+
1OA 4/ 7/59 1.020 0 0 8-10 0 0 1+

11A 6/30/59 1.020 0-tr. 0 OCC. 0 0 3 +
12A 12/ 8/59 1.007 0 0 20-25 OCC. 0 1+
13A 1/26/60 1.028 0 0 0 0 0 0
14A 2/ 9/60 1.008 0 0 0 0 0 1+
1SA 2/23/60 1.011 0 0 0 0 0 1+

16A 4/ 5/60 1.010 0 0 0 0 0 4+
17A 4/12/60 1.014 0 0 0 0 0 3+
18A 9/27/60 1.016 0 0 many 0 0 2+
19A 11/29/60 1.016 0 0 14-16 0 0 1 +
20A 12/15/60 qns 1-2+ 0 many 0-1 0 4+

* Prior to 1960, beta naphthalene sulfonic acid precipitation method; since
t Prior to 1960, using Clinitest; since 1960, using Uristix.
$Graded qualitatively, 0 to 4+.

Routine analyses at the first clinic visit for the
20 Group A subjects with bacteriuria are re-
corded in Table IV. Cylinduria was absent, py-
uria was variable, and slight proteinuria was pres-
ent in 2 women.

DISCUSSION

The validity of classifying subjects as having
bacteriuria or not on the basis of bacterial counts
in clean-voided specimens deserves comment. The
basis for such a classification rests on the assump-
tion that if bacteria are present within the urinary
tract they will multiply to large numbers in the
bladder urine which serves as a good culture me-
dium. In contrast, bacteria added to sterile urine
as contamination in clean-voided specimens usu-
ally are considerably fewer in number. In general,
this hypothesis has been verified (4-6, 11-20),
and exceptions clearly outlined (21), but agree-
ment has not been universal (22, 23). The choice
of the number of bacteria as a dividing line be-
tween bacteriuria and contamination is based on
statistical probabilities. In agreement with many
other workers in this field, I have found 100,000
bacteria per ml to represent a reasonable dividing
line sufficiently sensitive to include most instances

1960, using Uristix.

of bacteriuria and yet discriminatory against most
instances of contamination. For example (8),
in 33 pregnant women with over 100,000 gram-
negative bacteria per ml in an initial random, clean-
voided urine specimen, a second clean-voided urine
culture gave the same result in 21 women (63.6
per cent). After two successive cultures showing
over 100,000 gram-negative bacteria per ml, a
third culture, or more, gave the same result in over
85 per cent of the women. Thus, the chances that
women in Group A in this study, with a minimum
of two and usually three separate cultures con-
taining over 100,000 gram-negative bacteria per
ml, would remain in this high-count group with
additional cultures would be about 85 per cent.
The high-count urine cultures for subjects in
Group C, however, were considered to represent
contamination, since additional cultures were not
confirmatory. The finding of normal concentrat-
ing ability in these Group C subjects is in accord
with this interpretation.
The finding of definite impairment in concen-

trating ability (maximal urinary osmolality less
than 700 mOsm per kg H2O) with fluid depriva-
tion in 9 of 20 pregnant women with asympto-

1336
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matic bacteriuria may be a reflection of early si-
lent pyelonephritis in these subjects. In Subject
9A, with bacteriuria and a maximal urine osmo-
lality of 570 mOsm per kg H2O during preg-
nancy, studies 7 months post partum revealed im-
provement in concentrating ability to 800 mOsm
per kg H2O in association with spontaneous ces-
sation of bacteriuria. However, symptomatic,
acute pyelonephritis developed in this subject 8
months post partum, which was not treated, and
at 8.5 months post partum maximal urinary osmo-
lality was again reduced to 620 mOsm per kg H2O
with return of E. coli bacteriuria. Treatment to
suppress bacteriuria then resulted in improve-
ment in maximal urinary osmolality to 870 mOsm
per kg H2O at 10 months post partum. In Sub-
ject 8A, both bacteriuria with E. coli and impaired
concentrating ability persisted post partum (maxi-
mal urine osmolality 636 mOsm per kg H2O dur-
ing pregnancy, 725 mOsm 2 months post partum).
Spontaneous clearing of bacteriuria post partum
in Subject 15A was associated with improvement
in concentrating ability from a maximal urinary
osmolality of 723 mOsm per kg H2O during preg-
nancy to 1,000 mOsm 3.5 months post partum.
These few serial studies suggest that impaired
concentrating ability may be a reversible result of
infection rather than a pre-existing, fixed defect
which predisposes to infection. Similarly, Win-
berg (3) has reported that impaired concentrating
ability occurring with acute, nonobstructive uri-
nary tract infections in children possibly lasted for
4 to 6 weeks after symptoms and urinary findings
cleared. The presence of silent pyelonephritis in
pregnant women with asymptomatic bacteriuria
is also suggested by their high incidence of the
subsequent development of acute pyelonephritis
(7, 8). Impaired concentrating ability with bac-
teriuria may also be attributed to an increase in
the hydronephrosis of pregnancy due to ureteritis
and ureteral reflux in the absence of renal infection,
but a clear distinction between pyelonephritis and
infection limited to the ureter cannot easily be
made.

It is possible that screening for both bacteriuria
and impaired concentrating ability might effec-
tively select those individuals destined to develop
acute pyelonephritis of pregnancy. This is sup-
ported by the subsequent development of acute
pyelonephritis in Subjects 9A, 10A, 12A and

18A, all with some degree of impairment of con-
t centrating ability and bacteriuria, whereas in the
- remaining subjects in Group A, symptomatic pye-
- lonephritis during pregnancy did not occur. If

the incidence of bacteriuria among pregnant
women is taken as 5 per cent (7, 8) and 40 per
cent of such women have impaired concentrating
ability, then silent pyelonephritis might be present
in about 2.0 per cent of all pregnant women.
Long-term studies are clearly indicated to deter-
mine whether chronic pyelonephritis develops in
pregnant women with asymptomatic bacteriuria.
The mechanism by which impaired concentrating

ability occurs with asymptomatic bacteriuria is
not clear from the limited data obtained. The
creatinine clearance values are somewhat low in
both Groups A and B. This may reflect incom-
pleteness of the collections and use of a less spe-
cific method for serum creatinine or the effect of
upright posture during most of the collection pe-
riod. In view of the relatively normal serum cre-
atinine concentrations and endogenous creatinine
clearances, severe reduction in glomerular filtra-
tion rate (GFR) appears unlikely, although it is
possible that one kidney may have been affected
more than the other. It is known that small re-
ductions in filtration rate may affect the concen-
trating mechanism (24). The slightly higher sol-
ute excretion in bacteriuric women may be an
artifact, since it is not certain that all women kept
the 24 hour urine collection refrigerated. Osmo-
lality of urine specimens left at room tempera-
ture has been observed to rise and this process may
be accelerated in the presence of large numbers
of bacteria. Additional and serial renal function
studies are necessary to define the interrelation of
GFR, solute excretion and concentrating ability
in subjects with bacteriuria.

Calculation of food intake was made by dieti-
tians for all the women in this study and showed
no difference for women with and without bac-
teriuria. Weight gain during pregnancy was com-
parable for both groups. Thus, it is unlikely that
protein deprivation was an important factor in
the development of impaired concentrating ability.
An experimental model was sought to study the

effects of renal infection on the concentrating
mechanism. Bacteriuria and pyelonephritis were
produced by the direct injection of a strain of
Proteus into the urinary bladder of the rat (25).

1337



ALAN L. KAITZ

Impaired concentrating ability was observed, but
the animals were severely uremic. Attempts to
produce bacteriuria without altering GFR in
order to study the direct effects of infection on the
concentrating mechanism have not yet been suc-
cessful. Even in experimental, unilateral pyelo-
nephritis, which prevents the development of
uremia, the involved side has shown reduction in
filtration rate (26).

SUMMARY

1. Pregnant women with asymptomatic bac-
teriuria were found to have significant impairment
of urinary concentrating ability when compared
with a control group without bacteriuria.

2. Impaired concentrating ability most likely is
secondary to silent, active pyelonephritis.

3. The mechanism of the impairment remains
to be determined. Direct involvement of the re-
nal concentrating mechanism by infection, an in-
crease in the hydronephrosis of pregnancy due
to infection and malfunction of the ureters, and
changes in the concentrating mechanism second-
ary to slight reductions in glomerular filtration
rate may be important factors.
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