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A Review of Recent Literature
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Urinary tract infection has always been a very serious problem

2 A

in pediairic patients. Urinary tract in fection ranks second in inci-

dence of pediatric hospitalizations, belng sunerceded only by upper

respiratory infections. The symptomatology of this disesmse process

Py

ig often either not sevident or misleadin Therefore this disesse

B
process becomes one of the most important and most difficult dis-

N

eases wihich will confront the physiclan who cares Dor pediatric

i":’

patients. This paper is a review of pert

- =

nent literature, primarily
from the period 1957-1963, The literature is then correlated with
one hundred recent pediatric case histories from the University of
Nebraska Hospital and the Childrens! Memorial Hospital of Omaha,
Nebraska.

The incidence of urinary tract infections that is mosit commonly
gucted in the literaiture is from thres to four percent of all pedi-

stric hospital admissions. In a study by 3Staffon and Barle between
Y L]

ten to twenly perceni of all autopsies in selected hospitals revealed

<

y

active pyelonephritis. these cases, apvroximately twenlty-five

vercent were diagnosed prior to autopsy. They also discovered that
thirty to sixty percent of pecple who had chronic uvrinary tract dig-
ease had suffered urinary infections in childhood.
dge snd particularly sex tend to play important roles in the

pathogenesis of the disease. The sex distribution is thought te

have a direct relationshic to the anatomical variation in the lengtih
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of the urethras of the male and female. In a series of 1279 pedi-

found to be two and
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atric urinary tract infections th

~
A

. . : 2
hree tenths times more comuecn in females than males. In another

series of thirty-one cases the disease was two and one tenth times

: 5 5 3% ;
more commnon in females than males. One series reports as high as
L
nine times more females than males affected. The incidence does

not only follow a sex distribution but also sesms to have soue re-

e incidence in

lationshin to age. his is shown by Burke whoses a

=
2

one nundred cascs is shown in Table I.

N

Table Iy

AGE [NGIDENCE COF URINMARYK

TRACT INFEOTIONS
100

|
|

o
|
|

PERCENTAGE OF GASES
U
o

Vo =1 =4 4-g &- 10
REE GROLP EXPRESSED IN YEARS

Many times the eract etiolozy can not be determined in a ziven

case of urinary tract disease. However a zeneral classi

On

etiologzic factors of "secondary pyelonephritis" is:



1. Instrumentation

2. Altered architecture of ithe nephron {intrarenal
obstruction)

5. ISxtrarenal chstruction

4, Pregnancy

5. Disbetes

&. Caleulus or nephrocaleinosis

7. Congenital anomelies of the genitourinary trac

8. Treumatic injury

9. HyporamuawTaoqllnemla

10. Properdin deficiency

11. Defective general resistance

12. Foel of infection, a source of bhaclteremia.

Of the twelve items listed above, number seven probably has
recelved the most atiention in medieal literature. One of the more
extensive studies on congenital urinery tract snomaelies was carried
out by Helmholz in 1927. He reviewed cases of patients with congeni-

o

or a period of

iy

tal anomalies of the urinsry itract at HMayo Clinic
| six years. His findings are listed in Table II.
7

Teble II

[ " " S I B b il
ABNORMALITS NG, OF CASES

Renal Anomalies
HydronephrosisSeessensssessssnsesonnnass i
Betopic kidngyeeeseereosconesonrannensne |
Unilateral kidney.coeocavesosscnsscssnas |
Polycyetic Kidneyeesveseososancasconaes 1
Simple cyst of kidneVeesiooneseroncsonse 1

Ureteral Anomalies
Duplication of ureterSeeccossscsssrsvans
Dilated urelersSeeccscessscesosnsscocasns
Left ureter opening into bladder

Sphinchers i coscevescccasescncnsnanansns

Urethral Anomalies
Posterior urethrsl strictureececesecess 4
Recto~urethral fistula..scescocssconces 2

Bladder Disorders
Neuromuscular dysfunclion.ciesercosssee?
BRSOy e venssoessossonsassscanacsanes

NO \M

ety

i,
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Probably the wost discouraging aspect of this disease is the

O

Jmbe

manner in which it is presented to the practitioner. 4s mentioned
previocusly the symptomatolegy is often vague and misleading and may
vary with the different age zroups.

In 1961 Burke presented the symptomastology of one hundred
gselected cases of urinary tract infections. He found that when the
petients were less than one year old that the most prominent sympioms
were not related to the urinery system. In the twenty-three cases
of this age group anorexis, fever, and vomiting were the mos£ promi-
nent sympltoms. Abdominal pain was the most common symptom in children
old enocugh to complain of it. The relative incidence was sixbty-three
out of seventy-seven patlients. Vomiting was the presenting symptom

Ea 4
-

n thirty-two cases and occurred in Pifty-three cases of the total

pee

one hundred. Fever was present in eighty-three children, and of
these elghty-three, four had febrile convulsions. Of the common
urinary symptoms, dysuria was found in forty-one and was the pre-
senting complaint in twenty-eight. Frequency and urgency were found
in thirty-twe cases being the presenting complaints in twenty-eight.
Thirteen had nocturnal enuresis, and ten had macrohematuria, Burke

slgso found that children with recurrent attacks teénded %o show the

-
same patterns of symptomatology.”

e

Other series would gzensrally tend to concur with Burke's find-

—
1
H

ings. Deluca reviewsd a series of 1279 cases of recurrent urinary

tract infections but categorized the symptomatology in only rough

zensralizations. He states that in children less than one year old,
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iculties, Tfailure to thrive, and severe welyg
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found. In children one to three years old, fever of unknown origin,
failure to do well, and enuresis in those who had been previously

toilet trained were very common. In the children over three years

fead

old, urinary symptomatclozgy was the most common with enuresis oc-

curring with one of tne accompanying symptoms =- frequency; dysuris,

(¥ s

flankk pain, suprapublc vain, or vasue abaominal disco
o
over fifty percent of cases.”
It is difficult for the practitiocner %o be able to diagnose
trect infections in children. The old, time honored method

dilagnosis has besen shown in

intermittent. Rubin, in studying urines of patients with pyelo-

,:'n?«ﬂ‘k i b
nephritis, found that five or wmore leukosytes per high powered field
in an uncent specimen was a convenient breaking off point for

& ;
diegnosis of a urinary tract infection. Some people have considers
five plus leukocytes per high powered Fleld in
men as indicative of urinary tract infection.
strated that in only one-third to one-hnalf of the rvaltients with Tive
or more levkocytes per high powered field was there s true baclill-
urie present. Only two percent of these patients had colony counts
of over one humdred thousand organisms per milliliter of urine,

At pressnt the most reliable indication of infection in the
urinary tract sppears to be the findinz of bacleria in the urine in

LR




; studies have shown at least nintyv-five
percent correlation belween the

. KN [P v U . Y.
anu woag Sresence of one aundred

e L. Ex BN ed % 2 1

iiter of urine. 11 nas also

) PRI o - 3 . «r T e Ty 1m0 A . .

thege urine specimens may he teken by wildstream or by cathelerization

F L% o

PR S PR ', b S LR ER | Ea u 1 ) Lo e

Wwith &ccuracy. dowever catheterization tends to introduce infection
o -

3t Ll 1t ity ok pm e d 1 Tellari i ey am s ey sy amop | Te studv he

LOTO Lae Jl"..‘.,umAfJ LB e shlu.'l ay 1A vas EJGLJ,OI"LJ}..’.’IQ 418 3tudy ne

s of a study by Brumitt of cuantitative cultures of

urines in childhood demonstrated that over cne hundred thousand
bacterial colonies per willi urine are necessary %o confirm

the dlagnosis of urinary tract infecticns. In contamination of

specimens due to faully collection technicue, the bacterial countis

almost always remain below one thousand. In some fifteen cases with

original counts of slightly greater than one thousand, repeat cultures

demonstirated less than one thousand colonies per williliter of

o

urine.?‘ However, one musht be caud

tioned that the bacterisal counts

may zive false impressions when large volumes-of urine are ai-

ted, the patient has underzone ant
e ;

obstruction prevents the entrance of baecteria inte the urine, or

when the pH of the urine is detrimental to ithe bacterial

-
o ("o




Along with the colony counts the orgzanism must be identified.
Two relative largze studies of cazes by Deluca (1279 cases) and by
Keefer (477 Cases} are comparsd below in Table III.
Mo ~2: 11
Table III7’°
ORGANISK TOTAL
Keefer
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urinary tract infections varies so much

specific to the crganism present is used. Sulfonamides are gener-
ally used when B. coli is found. If the patisnt does nov respond,

o

then tetracyclines and/or streptomycin are used. A. areogenes,

Proteus of vparacolon groups usually respond to streptomycin and/or

tetracyclines also. For P. serugincsa polyamyxin or colymycin is
Z I RESN

used. For those organisms of the Staphylococeal zroup, eryihromycin

&

o
)
.

A . 7 . p - N

will usually sulfice. Other agents in common use are furadantin
mandelamine. The duration of trestment is a conitroversial veoint,
Most evidence seems to point fo the fact thet when the treatment is

carried over a long period of time, the recurrence rate is greatly

Py reduced. For instance in one of the larze studies, the patients

v d




o

were divided into twe groups. One group of 579 patients was treated

o

with therapeutic levels of specific sntimicrobiel agenis for three

to thirty days. OFf this group 309 had no measurable renal damage,

and eleven of them had to undergo nephrectomy. Seventy-eight patients
were lost in the followup. In the second group of 479 patients,

the treatment with the entimicrobliel agents lasted only five to

nine days, but it was followed by long term maintenence doses of
sulfonamides Teor six months. OF this group ninty percent reuained
fres of infectlon after six wmonths. PForiy-three persons in this

group Were itreated for three recurrent enisodes. However, after

two additional years of therapy thirty~se§en became free of in-
fection. 3Jixty-seven of the total of this group were lost in the

2 . . s
followup.® However, ms mentlioned, not all people wmould agree Lo

this mode of therapy. Burke states that he could find no relation-

ship between duraticn of treatment and the rate of recurrencs.

o
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P Tt A AT T YRITYCI IR PSLTNENIY S R Y
A STUDY OF O HUNDRED R“‘JE.U}. (O T)

The information for this study was taken from a systemsiic
review of one hundred pllnlcaT charts of patients betweesn zero and

Tourteen years of age with a Pinal diegnosis by the clinician of

o

Y

some type of urinary tract infection. Twenity-five cases over the
last five years at the University of Hebraska Hospital and seventy-

five cases over the last three years at the Childrens! Memorial

Hospital were selected for study. The clinical laboratory wvalues

¥

el

cited are the highest recorded values for each individual patient.
The informetion on the sympltomatology of ithe patients was zathered

.

from all pertions of the clinical chart,

The disgnoses asg listed on the clinical cherts are reviewed,
e titise e ensreencennnsanannnesedtd
PyelonephritiSeeecocasonssosneonne 2
Urinary tract infectiofeeessreaeseldt
E‘I‘ethritis..QODDQQQ.QQOO00'.QCQQCQC 9
Pyeli‘tis.o.s..!.eooo...QQD"!QQD‘. 5
Tflq‘O;J,‘U..LSQ'&C‘-&&.O%.&&:.Q.:ntau. 1

raT4 o

Of the one hundrsd cases reviewed ten vercent have returned

for nospitalizalion because of & recurrence of a urinary tract
infection. This figure should indicate thai urinsry tract infecltions
wlay a major role in the care of vpediatric patients,

Because age apparently vlays such an imporiant role in the
incidence and symptomatology of this disease, thig faclor is sunmae

rized. The age groups are divided into six catazories in order to

Several charts contalined more than one diasm




see the relative incidence of this disease in the various aze groups,
and to enalyze the relative frequency of the various symptoms in

the respective age groups. Table IV is & summary of these factors.

Table IV

BCE INCIPDENCE OF URINARY TRAGT
INFECTIONS iN {00 SELECTED CAsES

$C
% 4B
@ ;
J
L
<
T
: %
P4
ly
<
&
& ;
0

o G- Y-l -4 4;8 i 8-10  Over (O

AGE AS EXPRESSED (N VEPRS

4s was mentioned in the review of literature, sex also plays
an important part in the etiolopy because of the anatomical vari-
ations. This can be very aptly demonstrated when one considers
this limited study of only one hundred cases demonstrated eighty-
two vercent of the cases were found in femeles and only eighteen
percent occurred in males.

An interesting sidelizht recorded in this study was the inci-
dence of coexistent socurces of infection during the hospitalization
other then urinary tract. infections. This study revealed that

tventy-five vercent of the patients suffered from some form ol an

>l

4

upyer respiratory infection, two percent had gastroenteritis and



A,
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th

three vercent had otitis media. One patient had a cellul

The symptomatology of these one hundred cases covers a wide
range of complaints. When reviewing the charts, the complaints
were taken from all portions of the charts including the history,

notes, and progress notes. These findings are

o
po= -

physical, nursin
recorded in Table V. {Refer to pege 14.)
verious symptoms in the

In order te vredict the incidence o

- . . 4 . - : :
respective age groups an incidence/age ratio was caloulated —-

tHo. of g particulsr complaint within aze Zroupy* In the children
No. of cases in that particular age group
zero to one year of age the most cowmon cowplaints are of no specific

nature -- fever, anorexia, and irritability. Tever still nlayvs the

most important role in the one year old to the four year old group.

iy

There 1s also a warked increase in the incidence of frequency.
Fever progressively decreases in incidence with the increasing ags
groups while the "typical" urinary complaints of frequency, urgency
and dysuria increase in fregusuncy. This is demonstrated in the age
group cover fTour yefrs of ags.

Note was also teken of all admission blood pressures, Although
several were slevated upon admission all returned to normal durin

n

hospitalization. It is felt that meny elevelions were due to appre-

nension due %o strange environment, and so forth.
When the complaints are categorized according to the systems

predominating, the urinary complaints comprise forty-seven percent

of the total number of complaints while nineteen and six tenths

percent were in the gastrointestinal category.




S

(W]e] .,)..QV.E_:JQ

2 ,wnucgg*mc: wu co«#E,c:;zuwuw

w.Wﬂ\WS\W*CDIW ﬁ(. ,va \ J@

gu;ﬂwcm

=

S

GhH

SELEQTED

100

Table V

Wﬂ‘m_; Uy C,GQ
)u«wﬂhﬂdz

—— T Q) uC LnJUO ﬂDOl

.drc,dﬁ

quAaU/u ﬂdd i

U9 1108 HSuon
upocd >q adva n,.uw.
oYL

V#_Owwg D.JCOU

TR
‘*_ IS hanamst

\. Lécj‘.j

Nd.QJLocc

JumLD\,Q

ww.‘w:&,\uﬂu:d >

Urod reunuopqy

- \/Or.\mﬂt_D

ﬂC ;L ,C0>

=R T .ﬂdc\,‘wi

SYMPTOMATOLOGY OF

.)o_u\.QW\/.Q

o n
| 7 « -
ANITHTAWOD HAtm AN H] =0 ANZIVIFJ

b

To:v,;,r,wb&
TTT aaAe4

LOMPLAINTS RECORDED

-1



P

45 for the diagnostic procedures performed in these cases,
some of the laboraiory procedures used are reviewed. The labora-~
tory values ussd are the highest values in cases where more than one

of the same procedure was performed. The reason for this being

I,.‘
s,...h
o

that, as mentioned in the review of erature, many times the values
are intermittently low or within the normal range.
The peripheral white blood count in these selected cases varied

from those within the normal renge all the way to over thirty thou-

g
sand, These white counts were divided into four categories sccord-
ing to the numbers found. The first categcry was considered to be
in the normal range -- from four to ten thousand. Thirty-eighit per-

cent of the total cases were included within the normal range. The

econd or clevated range was from ten thousand to twenty thousand and

n

contained forty-four percent of cases. The third category was the
markedly elevated range of over twenty thousand which contained
fourteen percent of the cases. In Tour percent of the cases, no
laboratory values were recorded. BRBased on this series of cases over
one-half of the patients with urinary tract infections can be expected

to have elevations in the peripheral white blood count at sometime

Analysis of the varicus components of the urinalysis revesled

acts. UOver one-nalfl of these cases demonstrated

Hh

some interesting
3

either no albumin or only & trace of albumin throughout ithe entire

hospital stay. (Refer to Table VI.)
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Table VI

4e

)

e
Rl

PERCENTHEE OF TOTAL CHSES

0 Trace, |+

5+
DEGREE OF ALBUMINURIA

The white cell count of the microscovic examination of urine

was divided into the following catezories for purroses of analysis:

zero to five cells per hi~h vowered field or not significant, five

to ten cells per hizh vowered Tield or questionably significent,

ten to one hundred cells per hizh powered field or siznificant, and

over one hundred cells ver hi-h powered field as definite oyuria.

A sumary of the selected cases is as follows: fourteen percent

vere nct significant, sixteen percent were questionably

ly significant,

thirty-four percent were definitely siznificant, and thirty-six
percent nad delinite pyuria. It is evident that of the total number

.

ol patients seventy nercent are in the abnormal rance, witn about

one-nalf of these in the definite iyuria clessification.

a.

vear to correlate wi

J

n

tiie perisneral whi

te

< v A
L0000

cous

A4k
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o Fifty-six percent of the cases nad blood urea nitrogen deler-.

for this test was considered to be less than

rcents OFf these cases forty-three vercent were

foto

normal throughbut nospitalization, and thirteen percent were slevated
to some degreec.

The study of culture snd bascterial colony count was also reveal-
ing. OQut of the one hundred coses reviewed elghly-nine cases had
lgo hed colony counts. OF the

cultures performed. Six of these

,,
@

elghty-nine cultures twenty-five cases demonstreted no evidence of
growth after forty-eight hours, forty-five cases demonstrated pure

4.

cultures of only one organism and nineteen csses demonstrated mixed

infections. The range and incidence of organisms cultured are shown
in Table VII.

o,

Table VII

o

EeCOlisennveenonrsecnsscnsnsoannsencanan
POl EUS e e aansnonnconoanrsnssannnsnesss
SLaphylococtUSsan v iinnernaninnsacnssns
As BETOCENEEcuesereasssrnscssasnascsaas
SLreploCOCtlacianvtscorocanssnasasannns
Pl OmMONES s s sensecsssnsnsorscannssonsss
Helsserioe.s o esceanonsansonanancsaensn
HemophiliSesesseanonsosasosconsansnncns
AChromabaeterssenrerssosrscsnsvansnssos
PAracolon OrganilsmSeessssrareesesssenocs

»

e

*

bt et e

.

[l e S A B o A S S Co N
> » »
b et bl e DO O O O8N TO

-

1is series since

S

The colony counits were not too conclusive in %

only two cases revealed counts greater than one hundred thousand

oot

colonies of bacteria ver milliliter of urine. Therefore an attempt

was made to correlate the positive cultures with the degree of pyuria.

~17-

.
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correlates with vositive urine cultures with pathologic pyuria

cecurring in eighiy-one and two tenths percent of the cases. How-

smonstrated

]
P
3
o]
©
=
i
o
<
3
o]
ke
jen

ever [ifty-1ilwe percent of the negative u

vathologic pyuria.

3pecial disgnostic studies verformed consisted of cystoscopic

studies and the radiographic studles --
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cystogram, cystourethrogram, and retrograde vyelogram. The total
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number of patients with cne or more of these sztudies was sixty-

saven. The number of situdies were ss Tollows:
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Intravenous pyelozram...co..
Retrograde pyelogrameossoorecnconasncnes
Oyeto and/or Urethrofrale..esessseennenss
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b The positive findings of these diagnostic studies are revealed
in the table below.
Residudlesecenrsornaasosnssoscsontsnsscnsae 5
Thickenad bladder mUC088.0sesacrescenens s 10
Urethral s5ten08iSeiessescoaronrvrcecossoce O
el I UK e s o vroasvnreessoscnscncassssonascnn
. ] L : 1.
Irritabllity of caliceg.cesreosnssacsvaas 4
Ureteral-pelvic junciure constrictione... 2
Impaired tubular function..seecessessracee 4
fvdronepnrosis and hydrourelere.cissscses 9
l”uDeCLl&bGd bladdersssrevenssoncanasncns 1
Double Ki0NGY . seseorencssososasasssonnsss |
Horseshoe Kidney.essessessonsassssasssene 1
3ladder n904 CoBtrUCLIoNe s s cnnocsncnnens 1
Enlarzed “idneVeesoesserssancoacssosanessse |
Bladder caleulieseereosoeoseasessconasses 1
elways paid to the congenital ancomaly studie
The following is a list of the Mavparent" congenital anomalies dem-
cngtrated by the above diasgnost studiess
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not inclusive of e retrograde pyvelozram situdies
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betrUCtioriacessssossnnosncoce

Incomplete opening of lebia minoréeeccssess
Ureteral-velvic juncture constriction
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dyp0spadioBecseescanceesnaosananssvanaonnas
Sping bifidBecessvssossnecscoscanensnsennca
Double KidneVeesoessorcesnaosnsooscoanansaas
Horseshoe KidneVaeessnesrssoosssocnssnesnossa
SUMMARY ¢
& study of one hnundred recent pediatric clinical case histox
of vatients with urinary tract infection is reviewed and compared

mwortance sex vlays in the incidence

o

The study reveals the
urinary tract infections. The incidence in various age groups is
also reviewed. A summery of all Tindings both historieal and

3 Ty o e Tt
18 presenve

==
(9]
ot
o
o
"
-
o
=
ol
5
[}
Fdt
jod
o
o
s
4]
o
O
3
ot

h the urine cultures. A summery is meade

of the peripheral leukocyte counts. The frequency of organisus

found upon culturing of the urine and upon performing urine bacter:

Firally a number of special tests such s ecystoscopy, intra-

venous pyelogram and other relatsd diagnosti esgures are listed,
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and the pathology obtailned by these studies is vresented.
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