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Summary. Stool carrier rates of Escherichia coli serogroups 4, 6, and 75 were
determined on admission and discharge for 190 patients. Persons who were
in the hospital 3 weeks or longer had an intestinal carrier rate of 46% com-
pared to a rate of 28% in individuals who had no recent hospital contact.
Treatment with broad spectrum antibiotics increased the susceptibility for
acquisition of certain specific serologic groups. This was apparently not re-
lated to replacement of sensitive E. coli by drug-resistant forms. Studies
were made to determine the environmental source for colonization of hos-
pitalized patients and the risk of urinary infection in stool carriers of these
strains. A survey of inanimate objects of medical and urological wards dem-
onstrated infrequent isolation of 04, 06, and 075, indicating that extraintestinal
foci were an unlikely source for hospital-acquired E. coli. Hemagglutination
titers with determination of group-specific 0 antibody failed to demonstrate
any deficiency in hospitalized patients who became colonized with certain
coliforms. Similarly, no significant deficit in group-specific serum antibody was
found in patients who were community carriers of E. coli 04, 06, or 075. De-
spite a high rate of acquisition of E. coli serogroups 4, 6, and 75 in the stools
of hospitalized patients, only those patients undergoing urinary tract manipu-
lation developed bacteriuria.

Introduction

Studies of the epidemiology of nonenteric illness
caused by E. coli have shown clearly that the ma-
jority of these infections has been caused by E.
coli in a few specific serologic groups, 04, 06, and
075 (1-3). Many of the infections involved the
urinary tract and were acquired in the hospital.
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Because E. coli is the predominant component of
the fecal flora, it seemed reasonable to investigate
the serologic character of the coliform population
in the stool of hospitalized and nonhospitalized in-
dividuals. These studies demonstrated increased
intestinal colonization by E. coli serogroups 04, 06,
and 075 during and after hospitalization (4). The
tendency to become colonized with strains in these
o groups was directly related to the duration of
hospitalization, and patients who were in the hos-
pital 3 weeks or longer had an intestinal carrier
rate of 60%o' compared to a rate of only 15% in in-
dividuals who had had no recent hospital contact.
More importantly, patients subjected to prostatec-
tomy who were fecal carriers of E. coli 04, 06, and
075 had a higher risk of developing bacteriuria
with these strains than patients who carried other
serologic groups in the stool. Recently, it has been
shown that 29 of 53 urinary tract infections ac-
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quired outside the hospital were also due to E. coli
04, 06, and 075 and that these strains were present
in the stools of 86%o of patients with these infec-
tions (5). In contrast, the stool carrier rate in
uninfected controls outside the hospital was only
28.3 %.

The precise reasons for the increased prevalence
of these strains in the stools of hospitalized patients
and their incidence as pathogens both in the hos-
pital and in the community remain unknown. The
studies to be described are aimed at clarifying the
epidemiology of the infections by delineating hos-
pital reservoirs of these strains, assessing the in-
fluence of antibiotic therapy on the acquisition of
specific serologic groups of E. coli, determining the
factors bearing on the development of bacteriuria,
and evaluating the significance of the host's anti-
body in preventing colonization by E. coli 04, 06,
and 075.

Methods

Population surveyed. Two groups of individuals were
studied. The first population consisted of 425 patients
admitted to the medical wards of the King County Hos-
pital between December 1, 1964, and April 26, 1965.
These patients were selected because they had not been
in contact with a hospital for at least 1 year before ad-
mission. Fifty-five per cent were male, the average age of
the entire group was 62.4 years, and more than a third
were older than 70. Within 24 hours after admission,
a rectal swab, clean-voided urine for culture, and a blood
sample for determination of 0 antibody titer were ob-
tained from each patient. At the time of discharge from
the hospital, a second rectal swab and clean-voided urine
sample were collected. Patients were excluded from
this study if hospitalization was shorter than 1 week, or
if follow-up cultures could not be obtained because of
death or transfer to a nonparticipating service. In all,
paired rectal swabs were adequate for study in 190 pa-
tients and admission and discharge urine cultures were
obtained from 226 patients. At the time of discharge
from the hospital, the patients' charts were carefully re-
viewed with particular emphasis on the past history of
urinary tract infection or previously documented bac-
teriuria, and antibiotic therapy, genitourinary manipula-
tion, and signs and symptoms of acute urinary tract in-
fection during the present admission.

The second group consisted of 52 hospital personnel who
worked daily on the medical wards during the period
of surveillance. Rectal swabs were obtained from each
individual in this group during the period of study.

Bacteriology. Rectal swabs were immediately placed
in trypticase soy broth, refrigerated at 40 C, and 1 to 6
hours later streaked directly onto McConkey agar plates.
After a 24-hour period of incubation at 370 C, ten lactose-

fermenting E. coli were picked for serologic grouping
according to methods described previously (1). This
number of colonies gives a satisfactory yield for epidemi-
ologic purposes as delineated by Vosti, Monto, and Rantz
(6). In their study, 80% of the total number of 0 groups
in a stool specimen was discovered by examination of the
first five colonies. Stool carrier rates of E. coli 04, 06,
and 075 were based on the occurrence of a strain in a
patient, regardless of the number of colonies present. In
the survey of inanimate objects and in patients with bac-
teriuria, gram-negative organisms other than E. coli also
were identified. The scheme in use in this laboratory for
identification of these organisms has been described pre-
viously (4). The number of organisms in all urine cul-
tures was quantitated by serial dilution and 10' bacteria
per ml was defined as connoting significant bacteriuria.
Antimicrobial sensitivity tests were performed on selected
strains of E. coli. The single disc technique was em-
ployed (7).

Hemagglutinating 0 antibody titers. Titers of hemag-
glutinating antibody to E. coli 04, 06, and 075 were de-
termined by a modification of the method of Neter and
co-workers (8). The antigen was prepared by inoculating
stock cultures of E. coli 04, 06, and 075 into trypticase
soy agar slants and incubating the culture overnight at 370
C. The organisms were then washed from the slant with
phosphate-buffered saline (PBS) and then diluted to a
suspension of 109 bacteria per ml with a McFarland tube.
The suspension was heated at 100° C for 2i hours and
then centrifuged at 14,000 rpm for 30 minutes (tip gravity,
23,500 g). The supernatant containing the antigen was
decanted and suspended in 95%o ethanol to make a final
dilution of 10%o ethanol. Human 0 erythrocytes were
washed three times with PBS and then diluted in a ratio
of 0.2 ml packed red blood cells to 6.0 ml PBS. The
erythrocyte solution was diluted with an equal volume of
prepared antigen. The antigen-erythrocyte mixture was
incubated at 370 C for 1 hour, and the sensitized cells
were washed with PBS. The solution was centrifuged,
and the packed, sensitized cells were then suspended in
PBS to give a final concentration of 2.5%o by volume.
Four drops of the patient's serum was mixed with PBS
to provide dilutions ranging from 1: 16 to 1: 4,192. Four
drops of each dilution was then added to an equal volume
of the sensitized red cell suspension and incubated at 370 C
for 2 hours and then at room temperature overnight.
The tubes were examined for agglutination, and the high-
est dilution of serum that produced macroscopic clumping
was recorded.

Bacteriologic survey of inanimate objects in the hos-
pital environment. A total of 519 cultures was obtained
from three separate hospital wards, and the cultures
were processed for the isolation and identification of E.
coli 04, 06, and 075. In addition, all aerobic gram-nega-
tive bacilli were identified in 312 of these cultures to pro-
vide data on the relative prevalence of gram-negative
pathogens in the hospital environment. A bacteriologic
survey of the urological service was included because of
the previously documented high incidence of hospital-
acquired urinary tract infections (4).
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TABLE I

Relationship of duration of hospital stay to stool carrier rate of E. coli 04, 06, and 075

December 1964 through February 1965
Duration of hospitalization

Admission 7-13 days 14-20 days 21 or more days

No. of patients 110 60 32 18
No. (%) of patients 30 (27.3%) 18 (30%) 15 (45.8%) 10 (55.5%)

with E. coli 04, 06,
or 075

March 1965 through April 1965
No. of patients 80 51 19 10
No. (%) of patients 23 (28.8%) 17 (33.3%) 6 (31.6%) 3 (30%)

with E. coli 04, 06,
or 075

Totals 190 111 51 28
53 (27.9%) 35 (31.5%) 21 (41.1%) 13 (46.4%)

Sterile cotton swabs were used to culture a variety of
inanimate objects in the hospital environment. All swabs
were moistened in broth and were then streaked across
floors, chairs, bedsheets, sinks, urinals, and so on. The
swabs were placed in sterile tubes of trypticase soy broth
for 1 hour, and the cotton tip was then streaked directly
onto McConkey plates.

An additional 104 McConkey plates were distributed in
35 rooms on the medical service and were exposed to the
air for 2, 6, or 24 hours. All gram-negative isolates col-
lected on these plates were identified.

Results
Stool carrier rates of E. coli 04, 06, and 075.

The fecal flora at the beginning and end of hos-
pitalization was studied in 190 patients. None of
these had been in contact with the hospital for at
least 1 year before admission, and all were hos-
pitalized for at least 1 week. On admission, 53 of
the 190 (27.9%o) were intestinal carriers of E.
coli 04, 06, or 075 (Table I). Intestinal coloniza-
tion by serogroups 4, 6, and 75 increased with
duration of hospital stay during the initial 3 months
of the survey, and 55.5%o of patients hospitalized
for more than 3 weeks became intestinal carriers
of these strains (p < 0.002). However, in the
early spring months of March and April, the trend
for increased colonization with these 0 groups
was no longer apparent, and the carrier rate upon
admission to or discharge from the hospital did
not vary appreciably from 30%o. The reason for
this seasonal difference is not apparent, and the
problem is under continued investigation.

In all, 33 of 137 patients who had not harbored
E. coli 04, 06, or 075 in their stool on admission
acquired these serogroups in the hospital. Twenty-

four of these 33 patients were hospitalized in De-
cember, January, or February. The acquisition of
O groups 4, 6, and 75 was not related to the pa-
tient's age, sex, specific disease, or degree of
debility, but it did correlate with administration of
antimicrobial agents (vide infra).

Influence of antibiotic therapy on colonization by
E. coli 04, 06, and 075. Accurate information
about use of antibiotics during the current admis-
sion was available for 171 of the 190 patients stud-
ied. The influence of antibiotic therapy on the
fecal carrier rate with new serogroups of E. coli
is summarized in Table II. Only 13.2%o of pa-
tients not treated with antibiotics were colonized
by 04, 06, or 075, whereas 37.2%o of patients re-
ceiving broad spectrum or multiple drug therapy
acquired these strains (p < 0.002). The acquisi-
tion of new serogroups of E. coli other than 04, 06,
or 075 was not related to the use of antibiotics, and
a change of the coliform flora occurred in 21.7%
of the untreated patients and 22.8% of those
treated with broad spectrum antimicrobials. Pa-
tients receiving antibiotics directed primarily at
gram-positive organisms, such as penicillin G or
erythromycin, also did not acquire new strains
with greater frequency than did untreated controls.
In all, 60%o of patients treated with broad spec-
trum antibiotics acquired new serogroups of E. coli,
whereas a change in flora was noted in only 35%
of the group who had not received antimicrobials.

The average hospital stay of the 65 patients
treated with any antibiotics was 15.3 days and did
not differ significantly from the 12.7-day dura-
tion of hospitalization of patients who remained
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TABLE II

Relationship of antimicrobials to hospital acquisition of new E. coli serogroups

No. (%) that
No. (%) that acquired E. coli No. (%) that

Type of antibiotic No. of acquired E. coli of other did not acquire
therapy patients 04, 06, 075 serogroups any new E. coli

No antibiotics 106 14 (13.2%) 23 (21.7%) 69 (65.1%)
Antibiotics with

gram-positive
spectrum 30 6 (20%) 4 (13.3%) 20 (66.7%)

Broad spectrum
or multiple drug
therapy 35 13 (37.2%) 8 (22.8%) 14 (40.0%)

Totals 171 33 (19.3%) 35 (20.5%) 103 (60.2%)

untreated. However, the hospital stay of the 13
patients who converted to stool carriage with E.
coli 04, 06, or 075 and who received broad spec-
trum antibiotics was 22 days, a duration signifi-
cantly greater than the 13.8 days found in 20 pa-
tients who acquired these strains but who had not
been treated with broad spectrum antimicrobials
(p < 0.02). The results suggest that acquisition
of E. coli 04, 06, or 075 was secondary to the use
of broad spectrum antibiotics rather than prolonged
hospitalization per se.

A tendency for patients receiving broad spectrum
antibiotics to acquire E. coli of serogroups 04, 06,
and 075 raised the question whether these patients
were acquiring resistant strains. Table III shows
the results of antimicrobial sensitivity tests per-
formed on 53 strains of E. coli serogroups 04, 06,
and 075 isolated from the stools of patients before
hospital contact, 33 strains of 04, 06, and 075 iso-
lated from the stools of patients after prolonged
hospitalization, and 55 strains of E. coli sero-
groups other than 04, 06, or 075 cultured from in-

TABLE III

Antimicrobial sensitivity of intestinal E. coli in relation to
serogroup and source of acquisition

55 strains,
community

53 strains, 33 strains, other
community hospital E. coli
04, 06, 075 04, 06, 075 serogroups

%sensi- %sensi- %sensi-
tive live tive

Kanamycin 87 100 100
Polymyxin B 98 100 100
Chloramphenicol 94 97 100
Ampicillin 94 94 96
Streptomycin 78 88 93
Tetracycline 87 85 78
Sulfisoxazole 85 85 89
Cephalothin 76 81 89

dividuals outside the hospital. There was no sig-
nificant difference in the antibiotic susceptibility
patterns of these organisms; the mechanism
whereby antibiotics promote intestinal colonization
with 04, 06, and 075 is apparently not related to
eradication of sensitive E. coli and their replace-
ment by drug-resistant forms.

Hospital reservoirs of E. coli 04, 06, and 075.
Investigations to delineate the hospital reservoirs
of 0 groups 4, 6, and 75 were performed in De-
cember 1964 and January 1965, when the rate of
intestinal colonization of these strains in hos-
pitalized patients was high. The results of the
survey are listed in Table IV. Klebsiella-Aero-
bacter, intermediate coliforms, Herellea, and E.
coli other than 04, 06, and 075 were the four most
common organisms isolated from the environment.
Cultures from the urological service showed con-
sistently fewer isolates and more sterile plates
than were found on either of the two medical serv-
ices. E. coli 04, 06, and 075 were isolated on only
18 occasions from 519 cultures. Previous studies
performed on this urological ward indicated that
27%o of all urinary tract infections acquired in the
hospital were due to E. coli 04, 06, or 075 (4).
Thus, despite their predominance as urinary patho-
gens, these strains accounted for only 5.7%o of the
total gram-negative flora isolated from inanimate
objects on the urological service. These included
floors, walls, sheets, thermometers, bed rails, uri-
nals, catheters, water pitchers and glasses, chair
seats, toilet and commode seats, sinks, waste-
baskets, bathtubs, and table tops. There was no
localization of gram-negative bacteria within cer-
tain rooms or on specific objects.

In addition to the sampling of inanimate objects,
104 McConkey plates were exposed to the air for
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TABLE IV

Frequency of isolation of gram-negative organisms from inanimate objects

North medical ward South medical ward Urology ward
(101 cultures) (105 cultures) (106 cultures)

Organism No. (%) positive No. (%) positive No. (%) positive

Klebsiella-Aerobacter 42 (41.6%) 25 (23.8%) 24 (22.6%)
Intermediate coliforms 25 (24.8%) 20 (19.0%) 10 ( 9.4%)
Herellea 20 (19.8%) 13 (12.4%) 6 ( 5.7%)
Pseudomonas 6 ( 5.9%) 11 (10.5%) 6 ( 5.7%)
Proteus species 5 ( 5.0%) 6 ( 5.7%) 9 ( 8.5%)
Miscellaneous gram-negatives* 20 (19.8%) 18 (17.1%) 12 (11.3%)

(205 cultures) (208 cultures) (106 cultures)
E. coli 04, 06, 075 5 ( 2.4%) 7 ( 3.4%) 6 ( 5.7%)
E. coli (all other groups) 30 (14.6%) 21 (10.0%) 11 (10.4%)
No growth 36 (17.8%) 65 (31.4%) 44 (41.5%)

* Includes equal numbers of Achromabacter, Alcaligenes, and Paracolon.

2, 6, 12, or 24 hours. The plates were distributed
in 35 rooms, and only 17 gram-negative colonies
were cultured. Klebsiella and Flavobacterium
were found in five instances each, followed by in-
termediate coliforms, which were cultured four
times. Only three colonies of E. coli were iso-
lated from three separate plates. Two colonies
were 06, and one was 04.

Another potential reservoir of E. coli 04, 06, and
075 investigated within the hospital was the stool
flora of hospital personnel. Rectal swabs were

obtained from 52 medical ward personnel whose
duties included daily, intimate contact with pa-

tients. Two of the specimens contained no E. coli.
Twenty of the remaining 50 persons (40%) were

carriers of 04, 06, and 075-. Carriers of these
strains were equally distributed among personnel
from both the North and South medical units. Al-
though the carrier rate among personnel represents
an increase over the 28% stool carrier rate found
in patients at the time of admission, the difference
is not statistically significant.

Influence of 0 antibody titer in the host on sus-

ceptibility to colonization by E. coli 04, 06, and

075. Serum 0 antibody titers against homologous
intestinal E. coli were performed in 111 patients
who were intestinal carriers of E. coli 04, 06, or

075 upon admission to the hospital and in 273 in
whom these organisms were not present in the
stool. The results are summarized in Table V.
As a rule, intestinal carriers of each of the three
prevalent 0 groups showed higher titers against
the homologous intestinal isolate than were pres-
ent in noncarriers. However, the differences were

not significant, and no deficit in group-specific se-

rum antibody was demonstrated in patients who
were community carriers of these strains. Group-
specific 0 antibody titers at the time of admission
to the hospital were measured in the 33 patients
who acquired E. coli 04, 06, and 075 in the hospital
and were contrasted with the mean titers of 103
patients who did not acquire these 0 groups (Ta-
ble VI). Again, no deficiency in host 0 antibody
could be demonstrated to explain the propensity of
hospitalized patients to become colonized with E.
coli 04, 06, and 075.

Incidence of hospital-acquired urinary tract in-
fection. Of the initial group of 425 patients, 7

TABLE V

Serum levels of specific 0 antibody in community carriers of serogroups 4, 6, and 75

Anti-04 antibody Anti-06 antibody Anti-075 antibody

Noncarriers Noncarriers Noncarriers
Carriers of of E. coli Carriers of of E. coli Carriers of of E. coli

Stool flora E. coli 04 04, 06, or 075 E. coli 06 04, 06, or 075 E. coli 075 04, 06, or 075

Number of patients 18 273 64 73 29 273

Antibody titer* 7.11 6.65 8.42 7.66 6.00 5.81

* Expressed as mean of twofold tube dilutions.
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TABLE VI

Relationship between group-specific antibody and susceptibility to intestinal
colonization with homologous serogroups

Anti-04 antibody Anti-06 antibody Anti-075 antibody

"Con-
vertors" Noncarriers Noncarriers Noncarriers

to and non- "Conver- and non- "Conver- and non-
E. coli convertors tors" to convertors tors" to convertors

Stool flora 04 to 04, 06, 075 E. coli 06 to 04, 06, 075 E. coli 075 to 04, 06, 075

Number of patients 9 105 13 103 11 103

Antibody titer* 7.0 6.57 7.69 7.62 5.82 5.66

* Expressed as mean of twofold tube dilutions.

were admitted with the diagnosis of suspected uri-
nary tract infection, which was confirmed by cul-
ture. An additional 41 patients (9.7%) had
asymptomatic bacteriuria on admission on the ba-
sis of two consecutive cultures showing 105 gram-
negative organisms per ml urine. Follow-up cul-
tures, obtained at the time of discharge from the
hospital, were available from 175 patients whose ad-
mission urine cultures were sterile. Of this group,
142 did not have any genitourinary tract instru-
mentation, catheterization, or manipulation dur-
ing their hospital stay. Thirty-three patients had
indwelling Foley catheters at some time during
hospitalization. None of the 142 patients who
were not treated with instruments developed a uri-
nary tract infection, whereas 14 of the 33 who
were subjected to urinary manipulation had
significant bacteriuria. In addition to giving
urines for cultures at the time of discharge, all
patients were surveyed for the development of
symptomatic urinary tract infection by daily ques-
tioning by house officers. This method of surveil-
lance assured that clinically apparent infections
that were successfully treated would be included
as "hospital-acquired," even though negative cul-
tures were present at time of discharge. Despite
the high rate of acquisition of E. coli serogroups
4, 6, and 75 in the stools of hospitalized patients,
only those patients undergoing urinary tract ma-
nipulation developed bacteriuria. Of 14 infections
which developed in the hospital, 6 were due to
E. coli. Two patients had 06, one 04, and three
developed urinary tract infections with miscellane-
ous serogroups.

Discussion
E. coli is one of the most common organisms

causing gram-negative hospital-acquired infection

(9-11). It is clear from previous studies that
strains in a few serological groups, E. coli 04, 06,
and 075 are responsible for the majority of coli-
form infections (1-5, 12, 13). The present study
deals primarily with asymptomatic fecal carriers
rather than patients with overt infection. How-
ever, among the few infections uncovered, E. coli
04, 06, and 075 were again significant pathogens.
Although these are not the strains responsible for
infantile diarrhea, intestinal colonization by E.
coli 04, 06, and 075 appears to antedate urinary
tract infection both in the hospital and in dom-
iciliary patients (4, 5). To obtain better under-
standing of this problem and, hopefully, to ulti-
mately control it, we must define the reservoirs,
mode of cross infection, and factors affecting the
virulence of these organisms.

Hospitalized patients, in particular, show an
increased susceptibility to intestinal colonization
by E. coli serogroups 4, 6, and 75. In the cur-
rent study, 46% of the patients hospitalized 3
weeks or longer had become colonized by 04, 06, or
075 at the time of discharge, although- only 28%
were carriers of these E. coli in the stool on admis-
sion to the hospital. This corroborates previous
data collected from this laboratory which demon-
strated an unusually high incidence of intestinal
colonization with these specific serogroups in
hospitalized patients (4). Although other strains
of E. coli were carried in the stool as frequently as
04, 06, and 075, only these organisms caused a
significant number of urinary tract infections
among patients subjected to prostatectomy. Our
work as well as previous studies, emphasizes that
colonization of the stool by E. coli alone does not
result in infection of the urinary tract in patients in
the hospital. The sine qua non for nosocomial uri-
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nary tract infections is urologic instrumentation,
catheterization, and manipulation (10, 14). How-
ever, when infection takes place in patients who
have been treated with instruments, it is more
likely to be due to 04, 06, and 075 than other
coliforms.

The high rate of colonization with certain coli-
forms was present only during the winter months
of December, January, and February, and admis-
sion and discharge stool carrier rates for E. coli
04, 06, and 075 were no different in March and
April. This seasonal variation in the prevalence of
specific E. coli was unexplained and may be a
chance phenomenon related, perhaps, to the rela-
tively small number of patients studied. The
over-all number of admissions, average duration
of hospitalization, and use of antimicrobials were
similar throughout the 5-month period of surveil-
lance. This pattern of winter predominance may
be similar to the recently reported seasonal varia-
tions in nosocomial staphylococcal wound infec-
tions (15). An expanded year-long surveillance
program is in progress to define the seasonal varia-
tions in intestinal colonization and its relationship
to extraintestinal infection more precisely.

The exact sources of contamination and mode of
transmission of specific coliforms within the hos-
pital remain unclear. The environmental reser-
voirs of E. coli 04, 06, and 075 were sparse, and
isolation of these organisms from inanimate ob-
jects was so infrequent that it is highly unlikely
that these objects served as important foci of con-
tamination. Furthermore, although the stool car-
rier rate of 04, 06, and 075 among hospital person-
nel was relatively high, it was not significantly
different from that of a community population
comparable in age.

The failure to identify significant hospital reser-
voirs of specific E. coli suggests that increased
colonization by serogroups 04, 06, and 075 is due
to an emergence of these strains from the patient's
endogenous stool flora. That is, E. coli 0 groups
4, 6, or 75 could be present in very small numbers
at the time of admission, and because only 10 col-
onies are identified in each rectal swab, they would
not be isolated (6). Subsequently, alteration of
the intestinal flora by antibiotics, host disease, and
other as yet unidentified factors permits emergence
of these strains as predominant components of the
fecal flora and enhances the ease with which they

can be cultured. It is also conceivable that certain
changes in the stool, such as pH, solute, and total
water content may prove to be important in the
recovery of certain coliforms (16). Certainly,
multiple or broad spectrum antimicrobial therapy
appears to be a significant factor in the acquisition
of 04, 06, and 075 within the hospital. These
strains did not appear to become resistant to anti-
microbial agents, at least when the disc technique
was employed. It is possible, of course, that more
subtle variations in antimicrobial susceptibility,
which would not be apparent with the disc tech-
nique, occurred. It seems more plausible, how-
ever, to suggest that antibiotics and other factors
altered some other components of the fecal flora
permitting emergence of E. coli 04, 06, and 075.
Although multiple stool cultures were not obtained
over a short period of time, other investigators
have made serial observations on the stool carriage
of specific E. coli. Wallick and Stuart (17) and
Sears and co-workers (18, 19) demonstrated re-
markable stability in the E. coli serogroups iso-
lated from a single individual. In one study, stools
of eight normal subjects were sampled for periods
from 10 months to 4 years, and the intestinal E.
coli flora was divided into "resident" and "tran-
sient" organisms. Resident strains were defined as
organisms that were cultured consistently for 6
months or longer, whereas transient strains con-
sisted of serogroups that were isolated only spo-
radically and rarely persisted longer than 1 to 2
weeks. The resident flora was unchanged during
bouts of acute diarrhea, feeding of exogenous
E. coli, and in one patient, administration of an
antimicrobial. Serogroups 4, 6, and 75 might be
considered, then, the transient flora of the hos-
pital, which colonizes subjects during hospitali-
zation. Usually, these organisms are lost rela-
tively quickly when the patient returns to the
community (4).

There is no question that E. coli 04, 06, and
075 are the most common strains causing uri-
nary tract infection not only in the hospital
but also in the community (12). However, it
is not known whether intestinal 04, 06, and 075
cultured from patients in the community with acute
uncomplicated urinary tract infections represent
transient or resident flora. Since 90%o of patients
acquiring E. coli urinary tract infections outside
the hospital have been shown to be stool carriers
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of the urinary pathogens at the time of recognition
of symptomatic illness, a clear separation of resi-
dent and transient flora in the community would
be an important advance in the epidemiology of
these infections. Although it is conceivable that
the stool flora merely reflects contamination by in-
fected urine and that the high stool carrier rate is a
function of antecedent infection, it is more plausible
that the infection of the genitourinary tract is
caused by E. coli in the bowel. In addition, in the
present study only the somatic (0) antigens of
E. coli were determined. It is possible that fur-
ther characterization of these strains by means of
flagellar (H) and capsular (K) antigens will add
to our knowledge of the epidemiology of these
infections.

Other than appearing to have enhanced epidemi-
ologic virulence, which is defined as an increased
propensity of these strains to colonize the bowel
and to produce infection, the factors responsible for
the behavior of E. coli 04, 06, and 075 are poorly
understood. Sjdstedt tested the relative virulence
of eight different 0 groups of E. coli by measuring
their median lethal dose (LD,0) in mice, their
ability to produce necrosis of tissue, and their re-
sistance to phagocytosis and to the bactericidal
action of serum (20). Serogroups 4 and 6 showed
some tendency to increased virulence, whereas
other 0 groups were less active. Kimball, Garcia,
and Petersdorf also found that 04, 06, and 075
were more resistant to serum than E. coli in other
serogroups (21). However, these investigators
were unable to demonstrate any differences in the
abilities of various serogroups of E. coli to cause
experimental pyelonephritis (22).

The possibility remains that a deficiency within
the host rather than intrinsic virulence of the mi-
croorganism is responsible for the high rate of in-
fection with certain strains. Recently, group-
specific 0 antibody to all 145 known serogroups of
E. coli has been demonstrated in the sera of nor-
mal adults. It is felt that this antibody arises in
response to the antigenic mass in the colon (23,
24). However, whether 0 antibody exerts pro-
tective action in E. coli infections has been contro-
versial. Although Sanford, Hunter, and Souda
(25) have been able to induce immunity to ex-
perimental E. coli pyelonephritis by means of both
active and passive immunization, others have cast
doubt on the significance of these antibodies be-

cause of the persistence or recurrence of urinary
tract infections with the same serologic strains in
patients with high homologous antibody titers
(26-28). In the present study, antibody titers
obtained on admission from the 33 patients who
converted to intestinal carriage of E. coli 04, 06,
or 075 were approximately equal to those found
in hospitalized patients not acquiring these strains.
Likewise, community carriers of these strains, as
well as patients in the hospital who developed uri-
nary tract infections, had comparable titers of anti-
body. These results are in agreement with those
of Robinet (29), who found no relation between
serum 0 antibody titers and susceptibility to col-
onization by homologous E. coli. However, it
is possible that serum antibody does have some
protective role in man against recurrent urinary
tract infection, which is difficult to ascertain be-
cause of pre-existent titers (30).

Finally, a possible mechanism for the excessive
frequency of infection by specific serological
strains of E. coli is the resistance of these strains
(31-33) to colicine. Recently, studies on colicine
production of E. coli have demonstrated that the
resident flora is more frequently productive of
these substances than are transient coliforms (32).
Furthermore, it has also been shown that 0 groups
4, 6, and 75 may be relatively more resistant to
colicine than other serogroups (33). Further
work relating colicine production and resistance to
the ability of E. coli to colonize the gut is indicated.
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