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EPIDEMIOLOGY OF URINARY TRACT INFECTIONS IN HIROSHIMA
LEBICS T IZRBBEEORE R

INTRODUCTION

In recent years, technigues have been developed and
criteria established which for the first time have
permitted study of the epidemiology of gram-negative
bacillary infections of the urinary tract in the general
population. There have been three studies of adult
general populations, and all have attempted to deter—
mine the relation of urinary infection to blood pressure
levels.*! A study by Switzer in Hiroshima failed to
detect a significant difference in rates of infection in
persons above and below a defined blood pressure
level.! More infections were found in hypertensives:
however, the total group of infected persons numbered

only 17.

In a study of rural and urban Jamaicans the mean
blood pressure of bacteriuric subjects under age 60
was higher than nonbacteriuric subjects, but aside
from one age group with significantly lower and one
with significantly higher blood pressure, no statisti-
cally significant differences were found.* Data from
a similar study in Wales have not been published in
detail but are described as also having shown higher
blood pressures in bacteriuric as compared with
nonbacteriuric subjects.® This problem has been
investigated in patients visiting hypertension clinics
and similar suggestive but equivocal results were
reported. %

Ever since the classic autopsy study of Weiss and
Parker® there has been considerable discussion as fo
whether Thypertension increases susceptibility to
pyelonephritis or whether pyelonephritis elevates the
blood pressure prior to the development of renal
insufficiency.™® It must be emphasized that the relation
between urinary tract infection and what is called
pyelonephritis at autopsy has yet to be clarified,®"
and that neither urinary tract infection nor renal
lesions at autopsy resulting from bacterial infection
of the kidney has been shown unequivocally to be
associated with elevated levels of blood pressure.
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The present study was conducted at ABCC on a
sample of Hiroshima residents systematically selected
for determining the influence on general health status
of exposure to the atomic bomb of 1945. A survey for
urinary infections was taken on persons in the sample
examined in the. ABCC clinic over a l-year period:
approximately 3000 women and 2000 men. The purpose
of the study was to determine the prevalence of urinary
infection and to study the relation between bacterjuria
and various aspects of the general examination,
particularly blood pressure. In addition, the rates of
urinary tract infection in the clinic were compared

with the rates of chronic pyelonephritis at autopsy.

METHODS

To study the life span of persons exposed to ionizing
radiation from the atomic bombs about 75,000 Japanese
residents of Hiroshima and 25,000 of Nagasaki were
selected for follow-up by ABCC. Selection was made
from census lists, and matched comparison groups
differ chiefly as to distance from the bomb. Considera—
tions of health status did not deliberately enter into
the selection." Death certificates were accumulated
for this group. About 40% of all deaths since 1960
have been autopsied. Detailed analyses of death
certificate and autopsy data have been presented

elsewhere, 1216

About 20% of this sample was chosen for a continuing
program of clinic examinations under the ABCC-JNIH
Adult Health Study conducted in conjunction with the
Japanese National Institute of Health.' This began
in 1958 with the subsample scheduled to be seen over
a 2-year period. Second examinations were begun
in 1960 and third examinations in 1962. The present
survey for urinary infections was conducted in
Hiroshima during the third examination series from
18 December 1962 through 17 December 1963.

Participation and attrition have been analyzed in
detail for the first (1958-60) series of examinations,"
and data for the first and second series have been
presented elsewhere.’® About 80% of the persons still
alive at the time were examined. After subtracting
persons who moved from the city, about 90% of those
still living were seen. Details of participation during
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the period of this study are not yet available, but
preliminary results show no major change from previous

years.

Very few subjects in the Adult Health Study were
less than 20 years of age at the time of this survey.
About 90% of this age group in the present study
were participants in another study running concurrently
at ABCC.® These subjects were in utero at the time
of the bomb (ATB) and were selected according to
the location of their mothers. About 75% of this
preselected sample was seen during the survey for
urinary infections. Examination procedures were the

same as for adults.

Clinic Procedure Subjects were examined by the
clinic staff of Japanese physicians. Most subjects were
seen in the morning after breakfast; a few were seen in
the afternoon or in the evening. A medical history
was taken and physical examination was performed
after a urine specimen was obtained.

Questionnaires about health status were given to
the subjects at home and brought to the clinic at the
time of the examination. The questionnaire contained
118 items each requiring the circling of yes or no.
Those questions not answered at the time of clinic

visit were completed with the help of a nurse.

Blood pressure was taken by a Japanese nurse. The
cuff was applied to the left arm with the subject in
a sitting position. The diastolic value was taken at
the point of cessation of sounds. First readings were
coded for tabulation. Height was measured without
shoes, and weight with the subject wearing a dressing
gown, the weight of which was subtracted from the
observed value. Using EDTA as an anticoagulant,
hemoglobin was measured by the cyanmethemoglobin
method. The voltage required to attain a frequency
of vibration just perceivable by the subject was taken
as the unit of measurement for vibrometry. Auditory
loss in the right ear was measured in decibels at
4000 cps. Techniques for obtaining chest X-ray and elec~
trocardiograms and for determining serum cholesterol
have been described in previous ABCC studies.’
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A clean voided midstream urine specimen was
obtained from each subject during past examinations,
and the same procedure was utilized for the present
study. After washing hands, the subject cleansed the
urethral orifice with cotton soaked in 1:1000 zephiran
and three more times with cotton soaked in sterile
water. A midstream urine sample was then collected
in a wide—mouthed sterile jar. The sample was cultured
for bacteria and then tested for protein and sugar
with Combistix. Positive tests for protein were
confirmed with the nitric acid ring iest and for sugar
by Benedict's reagent. Microscopic examination was
conducted on the sediment of 15cc of urine that had
been centrifuged at 2000-3000 rpm for about three
minutes.

Screening Urine Culture Immediately after voiding,
the urine specimen was taken to a laboratory technician
located adjacent to the urine collection room. A
platinum wire loop, 2.5 mm in external diameter, was
dipped in the urine and streaked on one fourtl.l of a
blood agar plate. Plates were incubated overnight and
colonies enumerated the next day. This constituted the
screening urine culture. Confirmatory cultures were
carried out when indicated by a colony count technique
described previously® and only persons with a positive
culture by this method were considered to have urinary

tract infections.

Criteria for the semiquantitative estimation of the
number of bacteria in the urine were established by
estimating the quantity of fluid transferred by the
platinum loop. Samples of 10 overnight broth cultures
of Staphylococcus aureus and E. coli were cultured by
the loop method and simultaneously by a more precise
method utilizing serial dilutions for accurate measu-
rement of the volume of urine cultured. Comparison of
colony counts from the two methods produced estimates
of the volume of urine deposited on the culture plate
by the leop ranging from .001-.004ml (M = .002,
o= .001). Since previous studies have shown that
most urinary infections are associated with 100,000
or more viable bacterial units per milliliter of urine,
10 or more colonies of gram-negative bacilli by the
loop method was considered a positive screening
culture, thus setting the lower level of detection from
about 2500-10,000 (M =75000) viable bacterial units
per milliliter of urine.
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Mixtures of staphylococei, lactobacilli, and diphthe-
roids were often detected on the blood agar plates.
These were associated with contamination during the
collection procedure.”® The first 38 subjects whose
screening urine cultures contained 50 or more colonies
of any of the gram-positive bacteria were retested
with a precise colony count on a fresh specimen. Of
the 32 subjects who returned for this examination,
none had as many as 10,000 bacteria per milliliter of
urine when cultured on media selective for gram-
negative and gram-—positive bacteria. Therefore, a
screening culture was considered positive for gram-
positive bacteria only when 50 or more colonies of
staphylococci or streptococci were detected in pure

culture.

Positive screening urine cultures were obtained in
167 women and 24 men, and repeat cultures by the
more precise method were obtained, usually within
two months, from 158 of the women and 22 of the men.
Repeat cultures exceeded the arbitrary criterion of
10,000 colonies of bacteria per milliliter of urine,
taken as confirming the screening culture, in 100
(63.3% ) of the women and 10 (45.5%
The majority of these confirmatory cultures exceeded
100,000 viable units per milliliter of urine (84 of the

J) of the men.

100 in women and 7 of the 10 in men), and, a few

others, 10 women and 3 men, had colony counts

100,000 on a second repeal culture.

The percentage of confirmed positive screening
cultures was related to the purity of the culture as
well as the number of colonies grown ( Table 7 ).

Considering the largest relatively homogeneous group,

gram-negative bacilli detected by screening culture in
women, 108 were pure cultures and 89 (82.4% ) were
confirmed by the more precise culture technique. In
contrast, 18 contained 2 or more types of bacilli and
only 8 (4.4%) were confirmed. Similarly, 103 screening
culture counts exceeded 100 colonies, and of these 85
(82.5% ) were confirmed. Of 23 screening culture counts
between 10 and 99 colonies, 12 (52.2% ) were confirmed.
There were 94 screening cultures with 100 or more
colonies of a single organism, and 80 (85.1%) were
confirmed. Numbers are too small for a reliable
conclusion but do suggest that screening cultures

showing only gram-positive bacilli are more often
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confirmed in men than in women: 3 of 10 in men, and
1 of 24 in women. Gram-negative bacilli on screening
cultures were confirmed at about the same rate in

both sexes.

During the year of the study, for a variety of
reasons, clinic physicians requested precise quantitative
urine cultures on over 350 persons whose screening
cultures were performed the same day and were
negative. None of these quantitative cultures were
positive. However, in two instances a negative
screening culture was followed 31 and 5 months later
by the development of urinary discomfort in one woman
and pyuria in another. Two urine samples contained 10°
gram-negative bacilli per milliliter in one subject and
10* and “>10° bacteria in the other. Screening cultures
were accidentally omitted on one male and one female
for whom a quantitative urine culture was positive.

Nine women and two men had positive screening
cultures, but specimens for repeat cultures could not
be obtained. Of the nine women, six had >100 colonies
of gram-negative bacilli, two had >50 colonies of
staphylococci, and one had 27 colonies of gram-negative
bacilli with staphylococci. One of the men had ~>100
gram-negative bacilli and the other >>100 staphylococci

on the screening culture.

Study Groups In the present analysis, 103 women
and 11 men are considered to have had urinary tract
infections. All but six had quantitative urine cultures
exceeding 100,000 colonies per milliliter of urine, and
all but four were initially detected with a semiquanti-
tative urine screening culture. In two women initial
screening cultures were negative, and in one woman

and one man no screening culture was done.

For comparison, a group was selected from among
the subjects who had a negative screening urine culture
at the time of routine clinic visit. Because males with
infection were so few, the comparison group was
limited to females and was further matched on age
and month of examination. In all other respects,
selection was made at random. For each infected female,
two subjects were selected so that the comparison

group totaled 206 persons.
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RESULTS B

It is estimated that 97% (95% binomial confidence Z DA, RARHEAEOEHBELZTICR

limits about 99% and 94%) of the participants in the fEERNED 97% (95% TIEEEIRRTIZ99% B LU

Adult Health Study routine scheduled examinations %) HESHAMS RS REL R L0 L HE SRS

during the period of this study had their urine tested
P - y Z OREER, BRI T 206 FH OB HIOEL S e AT

for bacteria by the loop screening method. This estimate

is based on the fact that in an initial selection of 206 Too 12B%, TORIZMiREEL T TuTel b 003 6 il
matched comparison subjects six had not had a screening STl WAHER IO THDS. FTHEOLING, H
culture. The 3191 women and 2005 men examined, and 200507 5 ONC RESMUATRIIR S LU 0®Ir R 1 B FUE

the number and percentage with confirmed urinary tract 1R L
M= LS
infections are given in Table 1 and Figure 1.

TABLE 1 CONFIRMED URINARY TRACT INFECTION HIROSHIMA 1962-63
1 IRESEEAWER LM, K51962-635F

Age Male Infected Female Infected

£ 5 BitE % % B %

<20 502 0 475 4 0.8
20-29 118 0 193 2 1.0
30-39 401 ] .« 775 14 1.8
40-49 213 1] 555 17 3.1
50-59 335 2 0.6 602 17 2.8
60-69 324 5 1.5 443 33 7.4
70+ 112 4 3.6 148 16 10.8
Total # 2005 11 0.5 3191 103 3.2

FIGURE 1 PREVALENCE OF URINARY TRACT INFECTION IN HIROSHIMA
M1 ERICH LRGSR
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It seems unlikely that an infection would be missed
if a screening culture was done. About 350 quantitative
cultures were made, at the attending physician’s request,
from the same urine specimen as was the screening
culture. Presumably these cultures were requested
because of evidence of possible urinary infection, but
none were positive. There are only two known instances
of a positive quantitative culture following a negative
screening culture: one after 3 months, the other after 5
months had elapsed.

Screening cultures were missed by error in around
3% of the sample (55-330 persons) and repeat cultures
could not be obtained from 11 persons whose screening
cultures were positive. These losses are partly offset
by the inclusion of six cases whose repeat culture colony
counts were in the range 10,000-99,000/ml of urine.
Thus, the percentages in Table 1 may underestimate
prevalence, but it seems unlikely that the error is very

great.

-

The percentage of urinary tract infection rose with
age in both sexes, but was much higher in women. No
infections were detected in men under 50 years. Rates
in women were relatively stable until age 60 and then
rose sharply. Because of this abrupt change in rates,
suggesting the operation of different factors in women
above and below age 60, comparisons of infected and

noninfected women were made with an age subdivision.

Using distance from the hypocenter ATB as an index
of radiation received, rates of urinary infection were
calculated separately for women within 1400m, 1400~
1999m, beyond 2500m, and not in the city. Although
age-specific rates varied irregularly ( Table 8 ), the
crude rate was highest in the closest group (3.9%)
and lowest in the group not in Hiroshima ATB (2.9% );
intermediate distance groups had intermediate rates
(3.1% and 3.0% ). Age standardization did not appreci~
ably alter this trend which, though suggestive of a
possible radiation effect, is not statistically significant.
Study of a larger group perhaps would prove more

conclusive in this respect.

Comparison of Infected and Noninfected Women
The 103 women with detected urinary infections were

compared on a number of factors with 206 women who
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had negative screening cultures. Comparison of blood
pressures and related findings were of greatest interest
because of the past evidence of an association. Several
other specific pieces of information were explored in
the hope of adding to knowledge of the epidemiclogy

of urinary infections.

Blood Pressure Table 2 shows the mean and standard
error of the mean for systolic and diastolic blood
pressures as recorded at the current examination and
at an examination approximately four years earlier.
At the current examination both systolic and diastolic
pressures were consistently higher in infected women
than in the correspending age category of those without
infections. Analyses of variance, in which age group
differences were controlled statistically, were performed
on these two sets of data, and F-tests were significant
for both systolic and diastolic pressures (P<.05 and
P« .01). Inferences from these test results to differences
between the infected and noninfected group means are
somewhat obscured by the lack of homogeneous subgroup
variances. However, the relative insensitivity of F-test
results to the homogeneity of variances required by
theory and the consistent direction of all six differences
between means, taken together with the F-test results,
make it extremely unlikely that the higher mean
pressures in infected subjects are the result of sampling

error.
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TABLE 2 BLOOD PRESSURE IN WOMEN WITH AND WITHOUT URINARY TRACT INFECTION
1962-63 AND 1958-60 BY AGE

%2 REBRLTrERLLFOME, 1962 634 & X (F1958 — 604F : FHT

Blood Pressure mmHg Infected BifsH Noninfected FEH 34
1 FE <40 4059 60+ Total 3 <40  40-59 80+ Total &
1962-63
MNumber BB EEH .o 20 34 49 103 40 68 a8 206
Systolic Mean FHE oeeeees 107.2 1254 150.7  133.9 104.2 119.3 1405 1264
A 1 P SE (m)BHME (FH) 278 452 511 . 1.37  2.38 294 :
Diastolic Mean F¥H ..o 67.5 78.1 84.7 79.2 65.1 75.2 78.4 74.7
PR ML FE SE (m)##% (F#) 253 235 2.30 5 1.29 146  1.22
1958-60
Number BB BE .o 15 32 43 92 37 62 87 184
Systolic Mean FIIE ..oooiveeess 1113 119.6  146.4 1307 110.3 123.8 1456  131.1
L i [ SE (m) E#B/E (FH) 265 409  4.87 ; 2.02 213 358 .
Diastolic Mean FHME ..o 69.2 745  86.0  78.9 68.3 768 819  71.6
3 L SE (m)E#®E ($8) 211 239 251 ; 1.40  1.42 1.56




Differences between infected and noninfected women
in mean blood pressures from the 1958-60 examination
series (Table 2) were not statistically significant, and
they were neither as large nor as consistent in direction
as pressures taken currently. Mean pressures of non—
infected women of all ages fell in the 4-vear interval,
whereas overall mean pressures in infected women rose
(Figure 2). There were, however, differences in pattern
by age in women with infections. Pressures in women
under age 40 with infections fell less than in the
noninfected; all pressures rose in infected women; at
ages 40-59 and infected women age 60 or over had a
large rise in systolic pressure and a slight fall in

diastolic pressure.

On the assumption that an elevated blood pressure
should also be manifested in a greater frequency of
certain diagnoses and electrocardiogram changes and
possibly in more frequent family histories of certain
related conditions, the infected and noninfected subjects
were comparad on the several items shown in Tabl’eﬁ3.
While relatively few X* tests were significant, both
X-ray diagnoses and the three clinical diagnoses of
heart disease were made more often in infected than
in noninfected women. These differences were more
pronounced over age 60 than for all ages combined.

Cerebrovascular disease was diagnosed only in one
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FIGURE 2 CHANGE IN BLOOD PRESSURE OF WOMEN WITH AND WITHOUT URINARY INFECTIONS
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TABLE 3 PERCENTAGE OF SELECTED DIAGNOSES AND ABNORMALITIES PERTAINING TO CARDIOVASCULAR
DISEASE FOR WOMEN WITH AND WITHOUT URINARY TRACT INFECTION BY AGE

# 3

PR T L B F I ET AORMAEHEACHTIBREORH b £ U

REOSRTE: T

Finding Infected BHH Noninfected FRIE
it &L <60 60+  Total at <60 60+  Total &
Mumber SR B oo hd 49 103 108 98 206
X-ray diagnoses
X Bl
Cardiac enlargement
1bdi- e R I RO SRR 11:1 38.8 24.3 11.3 28.0 19.4
Aortic arteriosclerosis !
FBN R AL oo 0.0 38.8 18.4 4.7 28.0 16.0
Clinical diagnoses
Bt b 1 35 T
Cardiac enlargement
L B BB 0.0 10.2 4.9 2.8 4.0%* 3.4
Hypertensive heart disease
B EECRBEE 3.9 22.4 12.6 0.9 14.0 7.3
Arteriosclerotic heart disease F
EHARFE LR L BEER 0.0 4.1 1.9 0.0 3.0 1.5
Cerebrovascular disease
TEEE R 0.0 0.0 0.0 0.0 1.0 0.5
Electrocardiogram abnormalities "
LEERYE
Rhythm and conduction
BREELTEE i 7.4 24.5 15,5 13.9 20.4 17.0
Left ventricular hypertrophy or strain
ELEBRAF 2QELEREE ... 3.7 8.2 5.8 0.0 9.2 4.4
Family history by questionnaire
HME L &2 EKE
Heart trouble )
ABEIEE i 13.0 18.4 15.5 iilrd 5.0%* 17547 ol
High blood pressure
i 1 R AR SR Lt 14.8 20.4 17.5 26.4 21.0 23.8
Stroke (apoplexy)
e e o R o 11.1 16.3- 13.6 15.1 20.0 1555

X2 probability of no difference hetween noninfected and infected women of corresponding age: **<.05, ***<.(1

HETAEBII b S RBRETF LBREFOMIEN LY X R < 05

member of the noninfected group. Major electrocardio—
gram abnormalities of rhythm and conduction were
seen slightly more frequently in infected women over
age 60,
hypertrophy or left ventricular strain were seen in the
Although
family histories of stroke and high blood pressure are

and patterns suggestive of left ventricular

infected group more often under age 60.

crude measures of these diseases in families, rates were,
if anything, lower in the group of women with urinary
infection. A family history of heart disease was more
common in infected women, but there is doubt about

the validity of this datum. Questioning about this item
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in the clinic revealed many fewer positive replies than
had been obtained by questionnaire. On the other hand,
repeat questioning about stroke and high blood pressure
This

is not surprising since stroke is the most common

did not alter replies in more than a few cases.

cause of death in Japan, and a great deal of attention

is given to blood pressure readings.

SUN was tested in 96 of
had wvalues in the range 16

Serum Urea Nitrogen Levels
the infected women: 15
mg/100 ml to 19 mg/100 ml and three had values of
20 mg /100 ml or more, the highest being 25 mg/100 ml.
Among these 18 women with possible SUN elevations,
two had normal repeat SUN determinations and another
two had serum creatinine values below 1.0 mg/100 ml.
One woman with an SUN of =25 mg/100 ml had a
serum creatinine of 1.18 mg /100 ml and two others were
clearly hypertensive with blood pressures of 170,100
mmHg and 260/130 mmHg. Neither of these hypertensive
women had serum creatinines above 0.9 mg/100 ml.
Only four of the 18 women had blood pressures exceeéing
the mean of the entire group.

Symptoms The self-administered questionnaire had
seven items pertaining to the presence of symptoms
The

seven symptoms are listed, along with the percentages

which could be indicative of urinary infection.

of infected and noninfected subjects giving affirmative
in Table 4. back

nocturia and dysuria were more common in

replies, It is seen that flank pain,
pain,
infected wo the differences were found

men. However,

almost exclusively in women age 60 or over. None of
the women under age 60 complained of dysuria. Back
pain and nocturia cccurred with equal frequency in

infected and noninfected women under age 60.

Blood in the urine or a history of vaginal bleeding
was not noted more frequently by infected women.
This is consistent with the absence of a difference in
the finding of red blood cells in the urine {Table 5).
Urinalysis The urinalysis data are shown in Table 5.
Proteinuria was more common in women with infection
from the age of 40 onward. Glycosuria was more
common in infected women 60 years and older but was
less common in younger women. Too {ew instances of

glycosuria were detected to attach significance to this

12

BRI 2 DB s 5 5 fo L DIk 1.
R AERTIREORLZ L0 THED, MEOB XTI
HAOEE b T 2D THEND, ZHILMARD - L

THhE.

MERFEEFEE MERESERMNE LELATO 5 H064
5 H15HITIL - D EIE 16mg/100ml 755
19mg/100ml OFEFETH D, 3 FliL20mg/100ml #7425
HELE, BEiE125me/100ml Th- 7o, ISR RSRE
B EELSRD CRBISFID LD 5, 2 FlinIng
FRMEFANEOMBBREFTH D, fho 2Tty vy
F = A 1.0mg/100ml LR T & - o, Mg IRFEEHEEN
25mg/100ml LA F#5% Lo 7 1 ficid, s v 7= v
{1 1. 18mg/100ml T & H, fho 2 fiwiz MES FhFh
170/100mmHg ¥ 1 08 260/130 mmHg 70 5712 SiERE =
Mebhiz. ChBEAFEED &7 2 fliz
BLEoIng 7 v 7= vitsisbhied - i,

LT e T

1 0.9mg/100 ml

ZO18@FED
Fo 5 b G ROESEA 2 ZIIENES bivio0ili
T AT EL L.

ER HMSEEENESTEAYEATLILIC - TE
D, WRERRR OB L T A MEROB AR ASLTA A T 25
Z. FOTHBIZ VEEEN A B A LR E R
PBEOBRL - LEITRAITE Lz, Jhus DAhud e,
Wi, WRES LUBERMISIIBELTIZS . 21850, £
DETIT LA LR ED RS b, 60EARMD
IR R AR A 5 L DI 1 4 s L8
R RAED ZAE RG0SR T L L T L IR L T LA L
THh-1o.

DT

A Nl

PRe o [ % 721
R G B ol

AR MO A R AR By r iz
Zh Z R R oFRMERATRICERN LS
Bafgwvo b~ LT3 (F5).

1R HROBEFHIE S IR, AR Lo B
TiZa R bt BRI ORI L Tie S 1
J,wﬁ%ﬁm%%kTﬁmwawot.m&@#%%#ﬁ
dipitod, COFRERERLEDL LT TE o




TABLE 4 PERCENTAGE OFF AFFIRMATIVE REPLIES TO PERSONAL HISTORY QUESTIONNAIRE
ITEMS FOR WOMEN WITH AND WITHOUT URINARY TRACT INFECTION

£4 BHEEMEHCEEMNELF2- 2 H0R: BLTFH & URBR LT ORE

Itf.m Infected W& " Noninfected R %
e <60 60+ Total <60 60+ Total #f
Flank pain
TUBE B oo ree et sr e enesnensne e s e 13.0 20.4 16.5 10.4 10,0 10.2
Back pain
IR0 oo ot oo i bt i 18.5 24.5 21.4 20.8 15.0 18.0
Nocturia
7 S S A e TR L e N Tl 46.9 26.2 7.5 30.0% 18.4
Dysuria =
WRBE namimsnnaninnanienss 0.0 10.2 4.9 0.0 L bk (L OFE*
Blood in urine, vaginal bleeding
S SE B e 7.4 4.1 5.8 12.3 4.6 8.3
Kidney trouble or nephritis
R i 20.4 10.2 15.5 11.8 13.0 12.1
Dribble after urination
ORI T 3.7 6.1 4.9 2.8 7.0 4.4
One or more of above

FRDLI DU EFETH s 46.3 . 7 67.3 56.3 35.8 51.0% 43.2%*

X 2 probability of no difference between noninfected and infected women of corresponding age: *< .10, ** = 05, ***= 01
HBTAEBL TSRS AR F LB FOMEBES L0y X B Fao0 ¥R aogs FEX o g

TABLE 5 PERCENTAGE WITH SELECTED URINARY FINDINGS FOR WOMEN WITH
AND WITHOUT URINARY TRACT INFECTION

25 IREBRL T LRI R AR ERT R O

Finding Infected it Noninfected J &
fr & <60 60+  Total 3 <80 60+ Total If
Proteinuria Trace
HOR R S 30 6.1 4.9 2.8 12,2 T3
Positive
- 1 T PO 11.1 30.6 20.4 1.6 Bianes B.3%%
Glyeosuria Trace, (+)
i b TR s 0.0 2.0 1.0 2.8 0.0 16
+ — i 0.0 4.1 1.9 1.9 1.0 1.5
White blood cells 1-5 24.1 24.5 24.3 19.4 17.3 18.4
F i 2R 5+ 33.3 40.8 36.9 4,670 TAHt 5 grer
Red blood cells 1-5 20.4 347 27.2 19.4 31.6 252
o i 3R 5+ 9.3 10.2 9.7 4.6 12.2 8.3

X % probability of no difference between noninfected and infected women of corresponding age: *** =01

HIGT AEBCHTSRERE T L ERLTOMIIERF S0 L0 X B EREs )
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finding; however, the diagnosis of diabetes mellitus
and the presence of a family history of diabetes followed

the same pattern.

Large numbers of white blood cells were more often
found in the urine sediment of infected women of all
ages.

There were, however, no consistent differences

in the finding of red blood cells. In infected and
noninfected women the finding of red blood cells and

protein in the urine increased with age.

Other findings In addition to symptoms reported by

questionnaire and findings by routine urinalysis,
infected and noninfected groups were compared on the

following factors of secondary interest.

Clinical diagnoses Diabetes, thyroid disease, gas—
tric ulcer, duodenal ulcer.

Family history by questionnaire Diabetes, kidney
trouble or nephritis, thyroid enlargement or disease,
stomach trouble, rheumatism, headache. '
Clinical findings Hearing loss at 4000 cps, vibro-
metry, height, weight, history of one or more
pregnancies.
Laboretory findings ABO blood groups, hemo-
globin, cholesterol.
Socioeconomic level Living area per person in
household, source of drinking water, type of toilet,

education achievement.

For
statistically significant. The criteria for these diagnoses

none of these observations were differences

have been described in detail elsewhere.'®* The means of
height,
and cholesterol) are given in

metric variables (hearing loss, vibrometry,

weight, hemoglobin,
Table 9 and percentages of categorical variables in

Table 10.

Bacteriology in Women Idenfication of the microor—
ganisms recovered from the urine of women revealed
that 89 of the 103 were E. coli or paracolon bacilli.
Aerobacter, Proteus and staphylococci accounted for the
remaining 14 infections which were approximately
equally divided between persons under and over age 60.
Tabulation of the results of antibiotic sensitivities in
women likewise failed to reveal any differences between

those over and under age 60. Thirty—four women had
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infections with bacteria resistant to two or more
antibiotics by the single disc technique; 17 were age
60 or over and 17 were less than age 60.

Urinary Infections in Men Three men had gram-
positive coccal infections and one had Pseudomonas; all
four had evidence of prostatic enlargement and one had
been catheterized. On the other hand, in the remaining
seven subjects, one had a bladder stone removed, but
instrumentation of the urinary tract was denied by the
others. One man complained of burning on urination,
and only two had blood pressures in excess of 140/90
mm Hg. Proteinuria was found in two subjects, one of
whom had hypertension. Large numbers of white blood
cells (more than 10 per high power field) were noted in

the urine of all but two subjects.

Pyelonephritis at Autopsy The studies at ABCC
provide an unusual opportunity for the correlation of
clinical observations with findings at autopsy. The clinic
population is a portion of a much larger sample selected
in the same way. An effort is made to obtain permission
for an autopsy in the event of death of anyone in the
entire study population regardless of whether death
occurred in hospital or at home, Furthermore, since
October 1960,
significant bias according to the clinical diagnosis.'®

autopsies have been obtained without

Although it was not possible at the time of the present
study to compare clinical diagnoses of urinary infection
with autopsy data in the same patients, it was possible
to approach this goal by analyzing autopsy data drawn
from the same population without bias as to clinical

diagnosis.

From 1 October 1960 through 30 September 1962, 330
male and 307 female members of the entire population
sample under study in Hiroshima were autopsied at
ABCC. All autopsy protocols were reviewed by one of
the inx’es;tigators (LRF) for evidence of pyelonephritis
and renal obstruction. The numbers found by this review
are given in Table 6.

To evaluate the correspondence of clinical rates of
urinary infection and autopsy rates of chronic pyeloneph-
ritis, the prevalence estimated in this 1-year clinical
survey {(Table 1) was applied to the total autopsy
series to calculate the number of autopsied cases expected
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TABLE 6 AUTOPSY DIAGNOSES OF PYELONEFPHRITIS

£6 HRICEABEBROBE
Diagnoses Mal % P .M
% U Observed Observed/Expected Observed Ohbserved/Expected
e R B W i B TE M

All pyelonephritis
TATOERERERR i 31 4.6** 40 1.7%*
Chronic pyelonephritis only
BB B H 5 s 25 3.7%* 27 1.1
Chronic pyelonephritis without urinary
ohstruction
EEEGEL L OHENIZE R . 16 248 21 0.9

X probability of no difference between observed and expected: **<.001

AR MERLOMIERMEuE X BEE: ¥F<on

if both rates were the same. Calculation was age-specific BB s A EIRARA B L. SRSk th

for males and females separately and, summing over
age, produced expected numbers of 6.7 males and 24.1
females. The ratios of numbers actually observed to these
expected numbers are shown in Table 6 along with the
results of significance tests of discrepancies between

observed and expected numbers. G

The number of males with pyelonephritis diagnosed
at autopsy significantly exceeds the number predicted
from clinical rates. This is true regardless of whether
all autopsy diagnosed pyelonephritis, chronic pyeloneph~
ritis, or chronic pyelonephritis without obstruction is
contrasted with the number expected. In females only
the total number observed at autopsy with pyelonephritis
is significantly larger than predicted from clinical rates.
The number at autopsy with chronic pyelonephritis,
with or without obstruction, corresponds very closely

with the predicted number.

DISCUSSION

Rates of urinary infeciton in this study (Table 1)
were similar to those reported for an urban population
in Jamaica.? Infections in men were unusual, thus making
detailed analysis impossible; none were detected prior
to age 50. Infections were more common in women than
the
were similar to those

in men at all ages. Rates in 19-year-old girls,
youngest age group studied,
reported by Kunin in school children age 5 and over.™
Studies on adults conducted in rural Jamaica and in
Wales have found higher rates of infection in women
than those reported herein.’»® No explanation is apparent

for these differences.
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Inspection of the rates by age for women in the present
study show a small rise over the years 30-5%9 with a
The best

explanation for the rise in rates of infection in older

sharp rise for persons age 60 and over.

women is an increase in susceptibility, the reasons for
which are not known. There are at least two other
possible explanations for this precipitous rise in preval-
ence in older women. Mortality rates might be higher
in noninfected women, thus affording an advantage to
women with infection. This seems most unlikely and

will not be considered further.

It is possible that rates of new infections are constant
throughout the adult years, but that infections have
shorter duration in younger women. This is also
considered unlikely since age does not have an influence
on the ability to treat urinary infections in a hospital
clinic,?® or in patients detected in previous years
of the present study.®® In addition, the spontaneous
disappearance of bacteriuria, in a small series of cases,

was not influenced by the patient’s age.”

Lindemeyer et al have reported much greater success
in the treatment of young patients with urinary
infections.*' As they indicated, however, young and old
patients were not comparable. The older patients
frequently had recognized structural or function abnor-
malities of the genitourinary system or had had urologic
surgery. Also, the older patients were infected with
bacteria which were more resistant to antibiotics than
the bacteria found in younger women. In the present
series resistance to antibiotics was no different in
bacteria recovered from subjects over and under age 60.
Also, there was no obvious difference in the distribution
of structural abnormalities of the wurinary tract.
However, so few intravenous pyvelograms and urological
investigations were carried out that this issue must be

considered unsettled.

The age distribution of infections in population
studies is quite different from that of a clinic series
in which women of childbearing age predominated.?*
The difference is probably accounted for partly by the
larger number of younger women in a general population
and partly because of the restriction of the hospital

clinic survey to cases without evidence of urinary
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tract obstruction. It is also probable that young women
are more apt to have the typical symptoms of acute
pyelonephritis, thus leading to their preponderance in
a hospital clinic where patients come to physicians
principally because of some complaint. In the present
study, when questioned about flank or back pain and
dysuria, the rates of positive responses were higher in
women age 60 and over {Table 4). It is likely, however,
that persons with these symptoms are less prone to
seek medical attention than those with the dramatic
symptoms of acute pyelonephritis.

A distribution of infection midway between the clinie
and survey experiences is seen in the data from general
practice reported by Fry.*® Obviously, the method of
selection of patients has considerable influence on the

apparent distribution of disease in the population.

Mean systolic and diastolic bloed pressures of women
with urinary infections were higher than in the non-
infected women (Table 2). Differences were seen in all
age groups but were most marked in subjects 60 years
and over. Switzer, studying a small segment of this
same population some years previously, did not find a
significant difference in the rates of infection of
hypertensive as compared with nonhypertensive women.!
Rates were higher in hypertensives but, perhaps because
of the small number of cases examined, not significantly
so0. Similary, in studies of the rates of urinary infection
in hypertensive and nonhypertensive patients no convine—

ing differences were found between the groups.*®

The data of Miall' et al demonstrated higher blood
pressures in bacteriuric women under 60 years of age
as compared with controls.? Persons age 60 or more
with bacteriuria had lower blood pressures than controls.
This analysis, however, was conducted by combining
data from rural and urban populations which differed
in their mean blood pressures. Blood pressures in rural
women were higher than in urban women. Combining
data from these two populations might be expected
to result in higher blood pressures since over 70%
of bacteriurics came from a population with higher
pressures, which represented only about 50% of the

nonbacteriuric population.
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In another presentation of these data, in which the
differences of blood pressures between bacteriuric and
nonbacteriuric women were significantly different,
nonbacteriurics were drawn from three populations with
different blood pressures but the relative distribution of
bacteriuric and nonbacteriuric subjects among these

populations was not given.

Other features of the present data support the finding
of higher mean blood pressures in bacteriuric subjects
(Table 3).

enlargement diagnosed by X-ray were more common in

Hypertensive heart disease and cardiac

women with urinary infection. These must not be
considered independent observations, however, since the
diagnosis of hypertensive heart disease depends upon an
X-ray diagnosis of cardiac enlargement and defined blood

pressure levels.

Although blood pressure levels were higher and

aortic arteriosclerosis diagnosed by X-ray more
common in subjects with bacteriuria, left ventricular
hypertrophy diagnosed by electrocardiogram was not
more common, and family histories of stroke and
higher blood pressure were perhaps less common in
bacteriuric subjects. The family history data might
be interpreted to indicate that the higher levels of
blood pressure in bacteriuric women were not based
on a familial tendency as one might expect if these
On the

other hand, considering the crude nature of family

levels were due to essential hypertension.

history data, such a conclusion is hardly justifiable.

Experiments in animals have demonstrated that

hypertension increases the susceptibility to kidney
infection. On the other hand, with one possible ex-
ception, infection has not resulted in hypertension
prior to the development of renal insufficiency.®® As
far as judgment is permitted by SUN determinations
done without fasting, significant renal insufficiency
was unlikely in the women with urinary infections in

the present study.

It is of considerable interest that data from ex-—
aminations 4 years previously did not demonstrate

the same differences in blood pressure between

bacteriuric and nonbacteriuric women. Despite the

4-year increase in age, blood pressures of noninfected
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women fell whereas those of women with infections
rose. This drop in mean blood pressure of the general
population with repeat examination has been found in
previous analyses of ABCC data and by others.'®:*
These data do not permit a conclusion as to whether
rising blood pressure precedes or follows a urinary

tract infection.

If an association between blood pressure level and
urinary infection is established, the significance of
this association to the problem of hypertension remains
to be defined. Differences in blood pressure between
infected and noninfected persons appear to be modest
and the rarity of infections in males limits any general
significance to females. On the other hand, women age
60 and over with urinary infection had about a 50%
increase in the rates for the diagnosis of hypertensive
heart disease and cardiac enlargement diagnosed by
It is

possible, therefore, that even modest increases in mean

X-ray as compared with noninfected women.

blood pressure levels may considerably influence the
effects of hypertension on the heart.

Although symptoms may not be elicited from all
subjects with bacteriuria, some are more common in
those with infections as compared with noninfected
subjects (Table 4). In addition, as has been mentioned
elsewhere, close attention and long-term follow-up
of subjects with bacteriuria has demonstrated that
asymptomatic intervals are commeonly interrupted by

symptomatic periods.®

Proteinuria was found more commonly in infected
women (Table 5) and is perhaps related to the higher
blood pressure levels in these subjects. Proteinuria
was associated with urinary infection in the school
children surveyed by Kunin but blood pressure levels

in these subjects were not given.”

Miall et al did not find an association of proteinuria
with urinary infection.? Blood pressure levels of infected
persons were probably elevated in their study but data

for white blood cells in the urine were not given.

Women with urinary infections, as would be expected,
had greater numbers of white blood cells in their urine
than women without infections. There were, however,

no differences in red blood cell excretionor in histories

20

L5, o0k HEERECEL TR RoFEI
FEZMET 2 & Li2LARI D ABCC Bk BT o s

TS BTV A, CNBOERIC X - TTMED AN

- BEBEYROcRo AN ETRIANEFRETH I ELT

Zifoho,

ME & REREEROBFR AT Shicich, SHICZoH
FAEIMEEORMEC &0 L 5 e BRa i ohd U Gacd
HUENH D, HiE L HERREOMEOEIIBETHL &
Bboh, 2-Boiurshtdd —REI e EED
FTROETEBE S KA. —J, 60 EORBERL AT
HEFTIE, FRRTIChAT, BIERGHEESRS LT
XUz & A ORIERD BEERSH50% LA L TwA. Lichs

o T, SEHMED FRIZER L O TH- Th, RILEA
D b AR T e
zbhd

c ) DEEERFIFTO TRV B

MBI R

HHHh

BHROSRICERA DD 25 2 EILT

L, R IERYGEE D D LRI HIC S D bh
DiEkL BB (E4). 0L, MiTh RS- L ST, MBS
REECH LTRIGEED L Lz BIANEERBIEY T -
FoAS R, ERRSERINE T L > Thilisha
Sl EAGERE R

PRI

ZEH

BARIBRLTCE @O LR (ES5) &, Jhills
Fhl{chboBEOMEMAE - & EHENSD
DR I RA RS S =
A%, Thbo@oMEMTREI TR

Kunin & TILE
EFES bR

Miall Bi% &SRR YO MM R D Ty’

RepoP MRS 2 ERTRE TR,

TS Ric kD, REBEE L TICERR LT I D H IR
ch P IERE S Ao 7o FotE L, JRIEREEH & fo iR D
RO S TR . COHEL, REEEGTICE



of blood in the urine. This supports the clinical
observation that persistence of hematuria in women with
urinary infection beyond the acute symptomatic stage
of disease indicates that a search must be made for

some other urinary tract abnormality.?

Rates of urinary infection were slightly higher in
women who were located within 1400 m from the
hypocenter ATB. Survey of a larger sample will
be necessary to evaluate this suggested association
with radiation. There were no differences between
infected and noninfected women in pregnancy rates,
socioeconomic status, blood groups, hemoglobin levels,
serum cholesterol, height-weight ratio, audiometry and

vibrometry.

In a previous study based on information derived from
hospital clinic and hospital autopsy data, a considerable
discrepancy was pointed out between the male-female
ratio of urinary tract infection compared with the male—
female ratio of the diagnosis of pyelonephritis at
autopsy.?” In the clinic, urinary tract infection in the
absence of known urinary obstruction was 10 times more
frequent in women than in men. On the other hand, at
autopsy, Dpyelonephritis in the absence of obstruction
was diagnosed with approximately equal frequency in
men and women. Although a number of possibilities
exist to explain this discrepancy between clinic and
autopsy findings, it was concluded that much of what
was called pyelonephritis at autopsy was probably not
a result of bacterial infection.

The program of ABCC,

autopsy studies of the same population permitted a

consisting of clinic and

reexamination of this question, and the outcome was
similar to the previous hospital study. Pyelonephritis
was diagnosed at autopsy with about the same frequency
inmen and women,whereas in the clinic urinary infection
was much more common in women (Table 6). Since
the present clinical study did not eliminate patients
with urinary obstruction, the data at aufopsy were
considered similarly. Considering only cases called
chronic pyelonephritis, the autopsy rates of women
were predictable from the clinical rates for urinary
infection. For men, however, pyelonephritis at autopsy
was as commeon as in women and significantly in excess

of what would be expected from the clinical rates for
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urinary infection. In view of the differences of the
sex ratio for clinical urinary infection from the ratio
for pyelonephritis found at autopsy, these data are
interpreted as supporting the view that clinical evidence
of urinary tract infection cannot be equated unequivocally
with what is called pyelonephritis at autopsy.?=1%%"

SUMMARY

A simple method for obtaining a semiquantitative
estimate of the number of bacteria in a clean voided
midstream urine specimen was used to screen a study
group of about 3000 women and 2000 men living in
Hiroshima City.

Infections were much more common in women than
in men and rose with age in both sexes. The greatest
increase in the prevalence of infections found in women
age 60 years and over was due to coliform bacteria in
all but a few instances.

Comparison of women under and over 60 year; did
not reveal any differences in the type of bacteria
recovered from the urine or their resistance to antibiotics.
Reasons are given for concluding that the increased
rates of infection in women age 60 or more were due to
increased susceptibility rather than to an altered course
of infections.

Symptoms of urinary infection, proteinuria and pyuria
were common in infected women as compared with
noninfected women. There was no difference in hematuria,
glycosuria, diabetes, serum cholesterol, blood groups,
electrocardiograms, audiometry, vibrometry, hemoglobin

levels or height-weight ratios.

Mean blood pressure levels were significantly higher
in women with infection than in the noninfected. Four
vears previously there was no difference in blood
pressure. Cardiac enlargement and aortic arterioscle-
rosis by X-ray and diagnoses of hypertensive heart
disease were more commeon in infected women. On the
other hand, a family history of stroke or hypertension

was perhaps less common in infected women.

The weight of evidence supports the view that blood
pressure is higher in infected women as compared with

noninfected women and the finding of higher rates for
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cardiac enlargement suggests that this small difference
in blood pressures may have biological significance.
However, the data do not permit a conclusion as to
whether the urinary infections were responsible for
the higher blood pressure levels, or whether the
higher blood pressure levels increase the frequency of

detectable infection.

The difference between the clinical rates of urinary
infection in men and women, and the pathological
diagnosis of pyelonephritis in the same population,
supports a previous suggestion that much of what is
called peylonephritis at autopsy is not due to urinary

tract infection.
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TABLE 7 CONFIRMATION OF SCREENING URINE CULTURES

#£T  WHREEOWHRM S SR
Gram-Negative Bacilli Gram-Positive Cocei
77 A ] 77 AR
Repeat Culture Colony Count T & ﬁifgg o 2 e Total
: B ] i P
MEBREEEEREE Pure #¥:  Mix & Pure #¥ Mix 4 Pure #if:
Female
E-4
Positive
B4 e >100,000¢/ml 72 3 4 3 2 84
10,000-99,000 to >100,000 4 1 4 1 10
10,000-99,000 no follow-up 4 1 1 6
Negative BMEEE L L
BfE.......... <10,000 ¢/ml 14 4 5 6 ] 23 58
i B | o T A PP A 94 9 14 9 8 24 158
Male
B
Positive
FBIE ... 100,000 ¢/ml 6 1 7
10,000-99,000 to >100,000 - 1 2 3
Negative
Bt . 10,000 ¢/ml 3 1 1 T 12
Total B e s 9 1 1 1 10 22
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TABLE 8 WOMEN WITH CONFIRMED URINARY TRACT INFECTION BY DISTANCE FROM HYPOCENTER
#8 REBEBGAHERL LT BLs 50BN

Ko <1400 m 1400-1999 m 2500+ m Not-in-city FiPIAE
- i)

<20 43 1 2.3 126 2 1.8 172 1 0.5 134 0

20-29 56 0 44 0 43 1 2.3 50 1 2.0
30-39 213 4 1.9 174 4 P i) 203 5 2.5 185 1 0.5
40-49 150 7 4.7 121 2 LT 142 5 3.5 142 3 2.1
50-59 156 5 3.2 154 T 4.5 148 2 1.4 144 3 2.1
60-69 119 10 8.4 104 6 5.8 107 3 2.8 113 14 12.4
T0+ 28 3 10.7 41 3 7.3 47 9 1%.1 32 1 3.1
Total 765 30 3.9 764 24 31 862 26 3.0 800 23 2.9

-

TABLE 9 MEAN OF SELECTED FINDINGS IN WOMEN WITH AND WITHOUT URINARY TRACT INFECTION
%£9 RBBAXFLEBRLFIFTIRERROFHMR

Finding Infected it & T Noninfected J %
i 8 <40 4059 60+ <40 4059 60+
Hemoglobin g/100 ml Number
me % - A 20 33 47 40 68 98
Mean PHIHE 12.4 12.2 12.5 12.6 12.2 12.5
SE iR e 0.19 0.22 0.15 0.21 0.24 0.11
Cholesterol mg/100 ml Number
ALAFO— I T S T 14 34 48 31 68 97
Mean P¥{F 154.9 160.9 184.6 154.6 168.8 183.1
SE T 9.87 6.09 522 4.78 3.94 3.97
Height em Number
&5 T 20 33 47 40 68 a7
Mean F#id 152.6 150.1 145.8 152.5 150.2 146.3
SE s 1.13 0.98 0.95 0.77 .60 0.47
Weight kg Number
h3:8 - L R 20 33 48 40 68 97
Mean FH# 49.5 50.3 45.6 49.7 51.8 44.9
SE B 1.94 1.33 1.33 1.27 G 0.76
Audio loss at 4000 cps db Number
4000 cps T o BE 7 M 2 SR 16 33 48 32 68 98
Mean P 20.2 24.8 46.2 17.7 245 441
SE e 2.19 2.22 2.63 1.38 1.48 2.01
Vibrometry Number
5 B 2 B 16 32 45 32 68 93
Mean F#HE 18.9 23.4 32.5 16.0 231 33.1
5E Ee 1.7¢ 1.72 1.54 0.91 0.86 1.10
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TABLE 10 PERCENTAGE SELECTED DIAGNOSES AND FAMILY HISTORY ITEMS FOR WOMEN
WITH AND WITHOUT URINARY TRACT INFECTION

F10 REERLFEFBRELTIFUIBELHS L UREBRBSBLSHOHE

Diagnoses Infected e Moninfected FEMERE
i i & <60 60+  Total 3 <60 60+  Total #
Clinical diagnoses BEREE 3
Diabetes
e S e oL 0.0 6.1 2.9 3.8 4.0 3.9
Thyroid disease
EER I i i i 7.4 4.1 5.8 8.5 3.0 5.8
Gastric uleer
BRI e 0.0 2.0 1.0 0.0 0.0 0.0
Duodenal ulcer
A BRI L Ly 0.0 0.0 0.0 0.0 1.0 0.5
Family history by questionnaire BRI %12 k 5 FHE
Diabetes
L S L S 1.9 6.1 39 6.6 2.0 4.4
Kidney trouble or nephritis
HREMEEZREL e 16.7 16.3 16.5 12.3 14.0 13.1
Thyroid enlargement or disease
FARBIER £ 22 RE 3.7~ 0.0 1.9 6.6 1.0 3.9
Stomach trouble
W v 7.4 10.2 8.7 12.3 11.0 11.7
Rheumatism
R T s R R R 3.7 8.2 5.8 6.6 7.0 6.8
Headache
FRRE i nsnnaTE R 9.3 14.3 11.7 12.3 11.0 11.7
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