
Staphylococcus saprophyticus biotype 3 (Micrococcus sub-
group 3 or M3) has usually been shown to be the second
commonest cause of urinary tract infections in European
women who are not in hospital. It generally causes pyuria
and symptoms as severe as those caused by Escherichia
coil. Unlike S. epidermidis it is seldom found as a conta-
minant in midstream urine specimens, and almost exclusive-
ly infects women in their reproductive years. However, S.
saprophyticus is seldom differentiated from S. epidermidis
in Canadian clinical laboratories.

Urinary isolates of S. saprophyticus were presumptively
differentiated from other coagulase-negative Micrococcaceae
by their resistance to novobiocin as demonstrated by a
simple disc susceptibility test that misidentified the infect-
ing organism in only 3.40/0 of specimens. These novobiocin-
resistant, coagulase-negative organisms caused similar pro.
portions of the urinary tract infections in young women in
York, England and Vancouver - 6.60/0 and 6.9"/o respective-
ly. In York these organisms were associated with signifi-
cantly greater pyuria than novobiocin-sensitive organisms or
bile-tolerant streptococci but not S. aureus or Enterobac-
teriaceae. In both communities novobiocin-sensitive, coagu-
lase-negative Micrococcaceae were appreciably more resist-
ant to penicillin than novobiocin-resistant organisms.

Thus, differentiating S. saprophyticus from novobiocin-
sensitive, coagulase-negative organisms provides informa-
tion that is clinically useful, particularly for primary care
practitioners working in the community or in outpatient
clinics.

Staphylococcus saprophyticus biotype 3 (Micrococcus sous-
groupe 3 ou M3) est habituellement considere comme etant
Ia deuxwme plus frequente cause d.infections urinaires
chez Ia femme europeenne non hospitalisee. II est generale-
ment responsable d.une pyurie et de sympt6mes aussi
graves que ceux qui sont causes par Escherichia coil.
Contrairement a S. epidermidis crest un rare contaminant
des urines du milieu du jet, et il infecte presque exclusive-
ment les femmes pendant leurs annees de reproduction.
Toutefois, dans les laboratoires cliniques canadiens S.
saprophyticus est rarement differencie de S. epidermidis.
Les isolats urinaires de S. saprophyticus ont 6t. gros.

sierement differencies des autres Micrococcaceae coagu-
lase-negative par leur resistance a Ia novobiocine a l'aide
d'un simple antibiogramme par Ia methode des disques;
une erreur didentification n'est survenue que pour 3.40/o
des echantillons. Ces organismes coagulase-negative, re-
sistants . Ia novobiocine ont ete responsables d'un pour-
centage similaire d'infections urinaires chez des jeunes
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femmes de York, Angleterre et de Vancouver, soit 6.60/o
et 6.90/o respectivement. A York ces organismes ont ete
relies a une pyurie significativement plus grave que celle
causee par les organismes sensibles a Ia novobiocine ou
aux streptocoques resistants a Ia bile, mais pas celle
causee par S. aureus ou les Enterobacteriaceae. Dans les
deux villes les Micrococcaceae coagulase-negative, sen-
sibles a Ia novobiocine etaient nettement plus resistants a
Ia penicilline que les organismes resistants a Ia novobiocine.

Donc, Ia distinction de S. saprophyticus des organismes
coagulase-negative, sensibles a Ia novobiocine permet d'ob-
tenir une information qui s'avere cliniquement utile, parti-
culierement pour le medecin de premiere ligne qui pratique
au sein de Ia communaute ou dans une clinique externe.

Coagulase-negative Micrococcaceae are sometimes
grouped together and reported as Staphylococcus epi-
dermidis by clinical laboratories. In such reports the
designation S. epidermidis includes all members (pre-
dominantly Staphylococcus spp.) of the Micrococca-
ceae family other than S. aureus. Further identifica-
tion of Micrococcaceae is time consuming and until
recently was generally considered impracticable in
busy laboratories. The results of a simplified biochem-
ical scheme for identifying clinical isolates of staphylo-
cocci1 were found to have only a 77% correlation2
with those of a conventional method. A series of
changes in the taxonomic position of some members
of the Micrococcaceae family" compounded identifica-
tion problems in the routine clinical laboratory. Be-
cause new names for species have been proposed5 since
the current edition of Bergey's manual4 was published,
we will use the terminology of the particular published
articles in referring to them.
Some Micrococcaceae are resistant to novobiocin

and may be differentiated by a simple disc susceptibil-
ity test.68 Most urinary isolates of these novobiocin-
resistant organisms are now officially classified as S.
saprophyticus biotype 3*4 Alternative designations in-
clude Micrococcus subgroup 3, or M3,2 and possibly
Micrococcaceae groups Ciii and Civ.5

In Europe this organism has usually been found to
be the second commonest cause of urinary tract in-
fection in women who are not in hospital, to infect
more young than older women, and to cause pyuria
and symptoms as severe as those caused by Escherichia
coli. 6,7.9-13

We wished to test the *hypothesis that novobiocin-
resistant and novobiocin-sensitive, coagulase-negative
Micrococcaceae are two distinct groups of organisms.
As pyuria is one host response to organisms that im-
plies pathogenicity, the quantitative urine leukocyte
counts of specimens obtained from patients in York,
England and Vancouver infected with a variety of
organisms were compared to assess the relative patho-
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genicity of coagulase-negative Micrococcaceae and
other bacteria. The antibiotic susceptibility patterns of
novobiocin-resistant and novobiocin-sensitive, coagu-
lase-negative organisms were compared to obtain fur-
ther evidence that they are distinct urinary pathogens.
We have been able to find only two reports18'17 of

the isolation of S. saprophyticus in the United States
and none in Canada. * The epidemiology of staphylo-
coccal urinary tract infections in Vancouver was there-
fore studied to explore the possibility that infections
with this pathogen may occur in North America.

Materials, methods and patients

Culture and microscopy of urine specimens

Most specimens were refrigerated immediately after
being collected and were examined within 18 (usually
4) hours. Specimens from inpatients at one hospital,
though unrefrigerated, were received at the laboratory
within 2 hours of collection and so were accepted for
this study. Significant bacteriuria was arbitrarily de-
fined as the presence of more than 10. colony-forming
units per millilitre of a single midstream urine speci-
men or any colony-forming units in catheter or supra-
pubic specimens. The cut-off point for the midstream
urine specimens, originally intended for replicate urine
specimens containing Enterobacteriaceae, was extended
to other organisms because separate definitive criteria
have not been established. However, for S. saprophy-
ticus only 1 specimen out of 99 at York District Hos-
pital contained between 1 0. and 1 0. organisms per
millilitre, and none contained fewer than 10. organ-
isms, as counted by the semiquantitative calibrated
loop technique. No attempt was made to exclude mul-
tiple specimens from the same patient, although no
recurrent infections or duplicate specimens were noted
from patients infected with Micrococcaceae.

The York survey was limited to midstream urine
specimens from females of a mean age of 24.9 years
(standard deviation 7.9 years); during 1975 the speci-
mens were submitted by general practitioners to York
District Hospital with a request for culture. The leuko-
cytes in an uncentrifuged specimen of urine were
counted quantitatively in a Helber counting chamber
to measure the patient response to each organism.
Urine was cultured on both blood agar (5 % volume
per volume) and MacConkey agar (without crystal
violet). Organisms from patients with significant infec-
tion were identified as follows: lactose-fermenting En-
terobacteriaceae and bile (MacConkey medium)-tol-
erant streptococci were not identified further; non-
lactose-fermenting Enterobacteriaceae were identified
by the API 2GB system (API Laboratory Products
Ltd., Farnborough, England); Micrococcaceae were
subdivided by the tube coagulase test (with rabbit

*Since this article was accepted, S. saprophyticus has been
reported as an important urinary pathogen by another North
American centre (JORDAN PA, IRAVANI A, RICHARD GA, BAER
H: Urinary tract infection caused by Staphylococcus sapro-
phyticus. J Infect Dis 1980; 142: 510-515).

plasma) into S. aureus and coagulase-negative strains;
and coagulase-negative strains were differentiated by
both the novobiocin disc sensitivity test and the Baird-
Parker classification.3

In Vancouver urine specimens were obtained during
a 2-month period in 1979 from females of a mean
age of 25.9 years (standard deviation 9.8 years): some
were hospital outpatients or general practice patients
at Lions Gate Hospital; others were general practice
patients whose specimens were sent to Metropolitan
Clinical Laboratories. Additional specimens were ob-
tained during the same period from inpatients at Van-
couver General Hospital. Urine leukocyte counts were
not available at any of the Vancouver microbiology
laboratories participating in this study. Organisms were
counted semiquantitatively on blood agar and Mac-
Conkey agar (with crystal violet). The methods were
generally similar to those at York District Hospital
except that Micrococcaceae were subdivided only on
the basis of the tube coagulase and novobiocin disc
tests.

Differentiation tests

Antibiotic disc sensitivity tests: The antibiotic sus-
ceptibility patterns of all organisms isolated at York
were determined by the comparative disc test follow-
ing method A of the Association of Clinical Pathol-
ogists18 with Wellcotest agar (Burroughs Weilcome
Ltd., Beckenhain, England) and discs containing 2 U
of penicillin. The susceptibility patterns of organisms
isolated at Vancouver were determined by the Kirby-
Bauer test19 with Mueller-Hinton agar and discs con-
taining 10 U of penicillin.

The novobiocin disc test: A 5-pug novobiocin disc
was employed with the standard test methods used at
York18 and Vancouveri' Organisms with an inhibition
zone diameter of less than 14 mm were judged re-
sistant.8

Statistical analysis of data

Urine specimens containing more than 1000 leuko-
cytes per cubic millimetre (1 x 10'/l) were not quanti-
tated further in the York study. The significance of
differences between leukocyte counts was therefore
compared by the chi-square two-tailed t-test of me-
dians rather than means. The age distributions of the
two patient populations were compared by a chi-square
test of the means, assuming normal distribution only.

Results

Significant bacteriuria was found in 1488 urine
specimens submitted by general practitioners in York.
The median (and quartile) quantitative urine leukocyte
counts for each organism are shown in Table I; the
corresponding counts in 826 urine specimens sub-
mitted for culture from patients without significant
bacteriuria (fewer than 10. organisms per millilitre)
were only 10/mm3 (6 and 40/mm3). There was no
significant difference in the patients' response to in-
fection by novobiocin-resistant, coagulase-negative
Micrococcaceae and lactose-fermenting Enterobacteri-

416 CMA JOURNAL/FEBRUARY 15, 1981/VOL. 124



Table I-Urine leukocyte counts in young women with bacteriuria in
York, England

Median urine
No. (and %) of leukocyte count/mm3

Infecting organism specimens (and quartiles)

Lactose-fermenting
Enterobacteriaceae 1148 (77.2) 160 (20, 1000)

Novobiocin-resistant,
coagulase-negative
Micrococcaceae 98 (6.6) 300 (60, 640)

Novobiocin-sensitive,
coagulase-negative
Micrococcaceae 39 (2.6) 45 (0, 360)

Staphylococcus aureus 10 (0.7) 105 (35, 320)
Proteus spp. 97 (6.5) 480 (43, 1000)
Bile-tolerant

streptococci 83 (5.6) 10 (0, 100)
Miscellaneous 12 (0.8) -

Table Il-Age of the patients with urinary tract infections due to
novobiocin-resistant, coagulase-negative staphylococci in York
and Vancouver

% of patients in each age group

Age (yr) Vancouver York

< 15 2.0 2.0
16 20 24.0 36.7
21-25 36.0 27.6
26-30 24.0 14.3
31 35 4.0 12.2
> 35 10.0 7.1
Mean ± standard deviation 25.9 9.8 24.9 + 7.9



ampicillin or penicillin; a telephone survey at York
(by J.D.A.) showed that 55 of 60 patients were asymp-
tomatic at both 3 to 5 and 12 to 15 days after the
start of therapy. This tentative conclusion has not yet
been rigorously tested, and localization of infection
in the renal tract has not been established.

The novobiocin disc susceptibility test provides an
attractive method of differentiating novobiocin-resist-
ant Micrococcaceae from other coagulase-negative Mi-
crococcaceae isolated from urine. The misidentifica-
tion rate of 3.4% in this investigation is comparable
to that in other studies - 2% ," 4% 2 and 7% 24 The
conclusion from a small American study'6 that novo-
biocin resistance cannot be relied upon to differentiate
S. saprophyticus and S. epidermidis seems atypical.

The clear differences in epidemiology, pathogenicity
and antibiotic susceptibility patterns between novobjo-
cm-resistant and novobiocin-sensitive, coagulase-nega-
tive Micrococcaceae provide a strong case for differ-
entiating these organisms in all clinical laboratories.
Novobiocin-resistant urinary isolates may be reported
as "presumptive S. saprophyticus" by laboratories that
do not wish to perform rigorous identification. Dif-
ferentiation is likely to be particularly helpful for
women not in hospital, in whom novobiocin-resistant
organisms are almost always truly pathogenic and not
contaminants.

We are most grateful to the late Mr. L.C. Wilson, who
identified organisms and collated data from York District
Hospital, and to Mr. R. Sitzo, of the department of health
care and epidemiology, University of British Columbia,
who carried out the statistical analyses.
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Origin of "kidney"

The origin of the word kidney is uncertain. According to Skeat, kidneer
or kidnere originated in Iceland, where kid was a corruption of the
Icelandic word for womb - kid, quid, quit/i or koithr. The form
"kidenei" first appeared in the early 14th century.

418 CMA JOURNAL/FEBRUARY 15, 1981/VOL. 124


