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Rapid Presumptive Identification
of Enteropathogenic Escherichia coli in Faecal Smears

by Means of Fluorescent Antibody
3. Field Evaluation

WILLIAM B. CHERRY,1 BERENICE M. THOMASON,.
A. POMALES-LEBRON 2 & W. H. EWING 1

This paper reports on the evaluation of thefluorescent antibody techniquefor detection of
enteropathogenic Escherichia coli in faecal smears from children both with and without
diarrhoea. In field studies involving 315 children in Puerto Rico, it was demonstrated that
presumptive diagnosis of infection with enteropathogenic E. coli could be made more rapidly
and with greater sensitivity by immunofluorescence than by isolation and slide agglutination.
The specificity of the fluorescent antibody test was of the same order as that of slide ag-
glutination tests with OB antisera. The incidence of salmonellae, shigellae, coagulase-
positive staphylococci and Candida in the diarrhoeal specimens was studied, but no relation-
ship appeared to exist between these organisms and the enteropathogenic E. coli.

Although several publications dealing with the detection of enteropathogenic E. coli by
fluorescent antibody techniques have appeared previously, this is the first report on a field
evaluation based on definitive serotyping of all strains isolated. Complete identification is
essential to a true evaluation of immunofluorescence as a toolfor rapid detection of entero-
pathogenic E. coli in faecal smears. The value offluorescent antibody techniques for the
presumptive diagnosis of infantile diarrhoea caused by E. coli and for monitoring institu-
tional populations has been confirmed by these studies.

The preparation and testing of fluorescent anti-
body (FA) reagents designed for the presumptive de-
tection of Escherichia coli belonging to nine entero-
pathogenic OB groups has been described in a
previous paper.3 The clinical materials on which
these conjugates were tested consisted, for the most
part, of frozen swabs or frozen stool specimens.
Only one of 80 frozen swab specimens gave growth
when plated on MacConkey agar after being re-
ceived in the laboratory. Many of the frozen stool
specimens likewise failed to grow. Such materials
were not suitable for evaluation of the FA staining
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3See the article on page 137 of this issue.

technique, since freezing and storage in carbon
dioxide had rendered many of the enteric bacteria
non-viable. It appeared that the true diagnostic
value of the procedure could be determined only by
a comparison of FA and cultural examinations per-
formed on fresh material.

Since it was not convenient to obtain sufficient
numbers of fresh diarrhoeal specimens from babies
in the United States of America, an evaluation study
was undertaken in Puerto Rico. The results of this
investigation are presented in the present paper.

SOURCE OF SPECIMENS

Faecal specimens were collected from five hos-
pitals and dispensaries in the metropolitan area of
San Juan, Puerto Rico. These were the San Juan
City, the Bayamon District, and the Rio Piedras
Municipal Hospitals and the Barrio Obrero and
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Caguas Dispensaries. All specimens from San Juan
City and Bayamon District Hospitals were taken
from hospitalized patients. Specimens were taken
from children admitted to the out-patient clinics at
the Rio Piedras Municipal Hospital and at the two
dispensaries. Some ofthese children were subsequently
hospitalized.

A clinical case-history was completed on each
patient at the time of procuring the specimen. The
type of information which was elicited from the
parents of the child is shown in the accompanying
specimen data sheet. Most of the patients were from
families in low income groups and can be considered
typical of children from such areas in Puerto Rico.

SPECIMEN DATA SHEET FOR STUDIES ON INFANT DIARRHOEA

Patient's Name Admission date Hosp. No.-

Age Sex: M ( ) F ( ) Race: W ( ) C ( ) M ( ) Weight.

Character of stools: Formed ( ) Liquid ( ) Bloody ( ) Colour

Number of stools per days: 1 2 3 4 5 6 7 8 9 10 Vomit
11 12 13 14 15 16 17 18 19 20

Treatment

1. Drugs 2. Dose 3. Duration

Degree of dehydration: Slight (

Nature of Sample
Faeces (F) - Blood (B)

) Moderate ( ) Severe ( )

Sample No. Date of Sampling

Results:

Faeces sample No.

Blood sample No.

1) Address

2) Diarrhoea in household

3) Previous episodes of diarrhoea
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With the exception of a control group, specimens
were taken only if the history and symptoms or the
physical examination indicated active diarrhoea dur-
ing the previous 24 hours.

Subsequently, the information from the clinical
data sheets and that obtained from the laboratory
examination of specimens were coded and transferred
to punch cards to facilitate handling and analysis.

Control specimens were obtained from 24 infants
who had been admitted to the San Juan City Hos-
pital for conditions in which there were no symptoms
of diarrhoeal disease.

COLLECTION AND INOCULATION OF SPECIMENS

In the majority of cases only rectal swabs were
obtained, but, where possible, a passed specimen was
collected. Five successive swabs were taken by
passing the fibre-covered applicator stick beyond
the anal sphincter and into the rectum, where it was
rotated gently. Each swab was examined to be sure
that it was well soaked with faecal material. Four
cotton and one Dacron swabs were used with each
patient. All swabs were prepared on wooden ap-
plicator sticks and boiled in phosphate buffer solu-
tion as recommended by Stuart (1959). The five
swabs were used as follows:

1. Two plates of MacConkey agar and one plate
each of Salmonella-Shigella (SS) agar, blood agar,
Sabouraud agar, and Staphylococcus 110 Medium
(Difco) were inoculated directly with one of the
swabs immediately after the specimen had been
taken. The swab was then placed in a screw-capped
tube containing approximately 8 ml ofsodium selenite
broth, which served as an enrichment medium for
both salmonellae and shigellae.

2. One swab was placed in a specimen bottle, the
upper part of the stick broken off, the bottle tightly
capped, and the swab immediately frozen in a por-
table dry-ice chest.

3. The third and fourth cotton swabs and the
single Dacron swab each were placed in sterile
screw-capped tubes (15 x 150 mm) and maintained
at room temperature. All were returned to the
laboratory, where one of the cotton swabs was used
for fluorescent antibody studies during the afternoon
of the same day on which the specimen was taken.
The fourth cotton swab and the Dacron swab were
held at room temperature until they were processed
at the Communicable Disease Center, Atlanta, Ga.,
approximately 4-8 weeks later. The results of these

delayed examinations were reported in the preceding
paper, by Thomason, Cherry & Pomales-Lebr6n.1

Passed specimens were handled in a similar
fashion, the swabs being rotated in the faecal material
for inoculation of plates and for return to the
laboratory for subsequent examination.

ISOLATION AND TESTING OF CULTURES

After incubation overnight at 37'C, all plates were
examined for growth. The two plates of MacConkey
medium and one of blood agar served as substrates
for isolation of enteropathogenic types of E. coli. If
the plates revealed numerous colonies of E. coli, at
least 10 colonies-selected from blood agar whenever
possible-were tested with agglutinating sera. In the
absence of colonies resembling E. coli, 3-6 colonies
of other types were tested. This procedure served as
a control on the specificity of the agglutinating
reaction, since it gave a measure of the incidence of
false positive tests with the nine sera used. Each
colony was tested with three pools of OB sera, each
containing agglutinins for three serogroups of
pathogenic E. coli. Colonies were emulsified in a
drop of saline on an agglutination plate and drops of
the suspension mixed with drops of the pooled anti-
sera. If a reaction occurred, the tests were repeated
with antisera for the individual OB group antibodies
making up the pool. If all colonies from a given
specimen appeared to belong to a single OB group,
only one colony was subjected to definitive sero-
typing.

Cultures of E. coli that were agglutinated by sera
were subsequently tested with the corresponding
globulins that had been labelled with fluorescein
isothiocyanate. The cultures then were replated,
suitable colonies selected, and definitive serotyping
performed according to the methods described by
Ewing (1956a, 1956b).

Lactose-negative colonies were fished from both
SS and MacConkey medium and inoculated into
triple sugar iron agar and into Christensen urea
medium. Cultures giving reactions typical of sal-
monellae or shigellae after overnight incubation at
37°C were subjected to definitive serotyping accord-
ing to the methods described by Edwards & Ewing
(1955). Swabs in selenite broth, which had been
incubated at 37°C overnight, were plated on Mac-
Conkey agar and subsequently examined for the
presence of salmonellae and shigellae as described
above.

1 See the article on page 153 of this issue.



162 W. B. CHERRY AND OTHERS

Plates of Staphylococcus 110 Medium were ex-
amined for colonies resembling staphylococci, and
representative colonies were stained by Gram's
method and tested for coagulase production.
Sabouraud medium was inspected for growth of

yeast-like colonies typical of Candida, and the
presence of this micro-organism was confirmed by
appropriate morphological, cultural, and physio-
logical tests.

DIRECT FLUORESCENT ANTIBODY STUDIES

Faecal swabs collected in the morning and held at
room temperature in sterile tubes until examined
during the afternoon were used in the direct fluores-
cent antibody studies. These swabs were soaked for a
few minutes in 0.5 ml of 0.85% saline, following
which the liquid was repeatedly expressed from the
swab by rolling it against the side of the tube and the
swab was then discarded.
Each faecal suspension was used to prepare

smears, which were stained with two pools of labelled
globulins representing nine OB groups of E. coli.
The procedure followed for preparation, staining,
and examination of smears was described in the first
paper of this series.' If stained organisms were
evident in either one or both pools, additional smears
were prepared and stained with the individual label-
led globulins constituting the pools.

In addition to culturing specimens for both sal-
monellae and shigellae, limited attempts were made
to detect the presence of these organisms by FA
staining. For this purpose two smears were prepared
from each specimen, one for staining by a conjugated
globulin for Shigella sonnei, the other for staining by
antibody for Salmonella typhimurium. The same
faecal suspensions were employed for this work as
were used for study of the enteropathogenic E. coli
(EEC). A conjugate for Sh. sonnei was used since
(a) this organism was known to occur frequently in
the area under study, and (b) it exhibited less inter-
generic serological cross-reactions with other Entero-
bacteriaceae than other common serotypes of shigel-
lae. The serum from which the labelled antibody
was prepared contained agglutinins for both the 0
and K antigens of Sh. sonnei. Thus, it was known to
stain the organism as it occurs both in the intestinal
tract and in culture.
The labelled antibody for Salm. typhimurium was

derived from a serum prepared with a formalinized

' See the article on page 137 of this issue.

broth culture of the organism. It was thought that
such a serum might be more specific than that pro-
duced in the usual way with a heat-killed antigen.

DELAYED FLUORESCENT ANTIBODY STUDIES

FA examinations of faecal specimens taken on
cotton and Dacron swabs in Puerto Rico and main-
tained at room temperature were carried out 4-8
weeks later in Atlanta. The swabs were hydrated for
approximately 30 minutes in a saline solution and
smears prepared from the suspensions in the usual
way. The second paper in this series 2 should be
consulted for data on the relative efficiencies of cot-
ton and Dacron swabs as a means of preserving
specimens for delayed examination.

EXPERIMENTAL RESULTS

Enteropathogenic E. coli
Enteropathogenic E. coli (EEC) were cultured and

definitively identified in specimens from 72 of the 291
individuals examined. This figure may be compared
with that of 106 specimens positive by fluorescent
antibody examination. Thus, approximately 47%
more individuals yielded positive results for EEC as
measured by FA tests than were found by conven-
tional methods. It is apparent from Table 1 that the
FA method detected EEC in every specimen from
which these organisms were cultured.

TABLE 1
COMPARISON OF FLUORESCENT ANTIBODY AND

CULTURAL METHODS FOR DETECTION
OF ENTEROPATHOGENIC E. COLI IN FAECAL SPECIMENS

FA result
_ Total

Cultural result + 72 0 72
(confirmed)

_ 34 185 219

Total 1 106 1 185 |1291 a

a Number of patients studied.

The distribution of EEC among the various age-
groups is indicated in Table 2. The data are arranged
to show the percentages of positive findings, accord-
ing to age-groups, which occurred in each of three

I See the article on page 153 of this issue.
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TABLE 2

AGE-GROUP DISTRIBUTION OF PATIENTS YIELDING SPECIMENS POSITIVE FOR E. COLI
BY FLUORESCENT ANTIBODY TESTS OR BY CULTURE

Age-group

Classification 0-6 7-12 13-18 19-24 >24 No Total
months months months months months informa- (291n; 10%tion
(116)a (58)a (36)a (31)a (47)a (3)a

Culturally +
FA +

No. 46 10 4 3 9 0 72 (24.7 %)

% b 39.6 17.2 11.1 9.7 19.1

FA +
Culturally -

No. 16 7 5 4 2 0 34 (11.7%)

% b | 13.8 12.1 13.9 12.9 4.3

Total +

No. 62 17 9 7 11 0 106 (36.4%)

% b 53.4 29.3 25.0 22.6 23.4

a Total patients in age-group.
b Percentage of patients in age-group.

classifications of specimens; i.e., (1) those culturally
and FA positive, (2) those FA positive only, and
(3) the sum of these two groups of specimens. Ap-
proximately 83% of all patients studied were under
24 months of age. The percentage of positive
specimens occurring among patients in each age-
group was computed for each of the three classifica-
tion groups (Table 2). In the first category signifi-
cantly higher percentages of positive specimens were
obtained in the under-6-months age-group. In con-
trast to this, the age specific rates of positive results
among specimens of the second classification group
were similar for infants under 2 years of age.
The distribution of the serotypes of EEC isolated

from the various age-groups of the 72 positive
patients is shown in Table 3. It should be remem-
bered that faecal smears from all of these patients
were also positive by FA staining. Types of entero-
pathogenic E. coli isolated were those which have
been most frequently associated with infantile
diarrhoea. Cultures of 0 1 1 :B4 were most common,
followed in order by the 0125:B15, 055:B5, 0126:
B16, 0127:B8, 0128:B12, 026:B6, 086:B7, and

01 19:B14 groups of E. coli. There were 54 isola-
tions of the four most common OB groups, 39 of
these being from infants 6 months or less in age. In
fact, 46 (39.6%) of the 116 patients in this age-group
yielded EEC, the next highest rate being less than
one-half this figure (Table 2).

Since 0111 complex may be divided into at least
two subgroups, the minor antigens of several cul-
'tures were determined and in all cases proved to be
those of sub-0-group 011 la, 11Ib, which is associ-
ated with diarrhoea of infants. The 0 antigens of 10
cultures of 0125:B15 isolated from different speci-
mens were determined, and all were found to belong
to sub-0-group 0125a, 125c. In like manner, with
one exception, the 0127 cultures were found to
belong to subgroup 0127a, which has been con-
sistently associated with infant diarrhoea. One
culture which was stained and agglutinated by
0127:B8 antibody proved to be a serologically
related culture of Citrobacter. With the exception
of this strain, there is no information available
which would eliminate as potential causes of infan-
tile diarrhoea any of the serotypes isolated in this

163
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TABLE 3

AGE-GROUP DISTRIBUTION OF SEROTYPES OF E. COLI ISOLATED FROM 72 PATIENTS IN PUERTO RICO

E. coli serotypes

26: B6: NM
26: B6: NM + Salm. infantis

55: B15: NM
55: B5: NM + 111 : NM b
55: B5: H6
55: B5: Hll
55: B15: H12
55: B5: H27
55: B15: H33

86: B7: H34
86: B7: Hll + 111 B4: H2 b

111: B4: NM
111: B4: NM + 55: B5: NM b
111: B4: NM + Sh. flexneri 3a
111: B4: H2 + 86: B7: HiI b
111: B4: H12
111: B4: H21

119: B14: NM

125: B15: H21 + Sh. flexneri2a
125: B15: H21

126: B16: NM
126: B16: H9
126: B16: H12 + Sh. sonnei
126: B16: H19
126: B16: H27
126: B16: H12

127: B8: H9
127: B8: H21
127: B8: HI1 + Sh. sonnei

128: B12: H8
128: B12: H1I
128: B12: H12
128: B12: H16

Age-group

0-6 7-12 13-18 19-24
months months months months
(116)a (58) a (36)a (31)a

3

1

3

1

1321
13
1

1
2
1

9

2
1

1

1

>24
months
(47)a

3

2
1

No
inf.
(3)a

Total
(291)

3
1 4

2

1 3

3

1

1
1
2
1 3

13

4
2 22

13

3
1

1
1
1

4
1
1

2
2
1

14

8

6

Total positive cultures 48 10 4 [ 3 9 f [ _ J74

a Total patients in age-group.
b Indicates double listing of this culture in the table, since it occurred in combination with another EEC in the same specimen.

study, even though some of them have not been
positively implicated as agents of epidemic disease.

Similar data concerning the distribution of EEC
that were detected by FA staining but not by culture
are given in Table 4. From this group of 34 patients,
40 positive staining reactions were obtained. The
frequency distribution of the nine OB groups as

measured by FA staining results on culturally nega-
tive patients was quite different from that found in
culturally positive patients. This is evident from a
comparison of Tables 3 and 4.
The results obtained by both direct and delayed

FA examination of the 34 specimens that were FA
positive and culturally negative are shown in Table 5.

1

1

1

I

I
I

1
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TABLE 4

DISTRIBUTION OF OB GROUPS OF ENTEROPATHOGENIC E. COLI AMONG
VARIOUS AGE-GROUPS OF PATIENTS POSITIVE BY FLUORESCENT

ANTIBODY STAINING ONLY

0-6 7-12 T 13-18 19-24 >24 Total positive
OB groups months months months months months In each

(116) a (58) a (36 a (31) a (47) a OB.group

026: B6 4 3 0 0 0 7

055: B5 2 0 1 1 0 4

086: B7 2 1 0 2 0 5

0111: B4 2 1 0 0 0 3

0119: B14 1 0 0 1 0 2

0125: B15 2 0 1 0 1 4

0126: B16 0 1 0 1 0 2

0127: B8 5 1 2 0 0 8

0128: B12 1 0 1 2 1 5

Total positive
staining tests 19 7 5 7 2 40 b

Total positive
patients 16 7 5 4 2 34

a Total number of patients in age-group.
b More than one OB type was stained in some specimens.

TABLE 5
AGE-GROUP DISTRIBUTION OF FA+ STAINING REACTIONS FOR

ENTEROPATHOGENIC E. COLI FROM 34 CULTURALLY NEGATIVE SPECIMENS
ACCORDING TO RESULTS OF DIRECT AND DELAYED TESTS a

0-6 7-12 13-18 19-24 Over 24 No inf [ TotalSummary months months months months months
|(1116) b |(58) b |(36) b (31) b |(47) b (3) b I(291) b

FA+ direct;
FA+ delayed 19 6 4 6 2 0 37

FA+ direct;
FA-delayed 0 1 1 1 0 0 3

Total FA+ 19 7 5 7 2 0 40

a No specimens were positive by delayed tests and negative by direct tests.
b Total number of patients from whom specimens were obtained.

Attention is called to the fact that only 3 of 40 stain-
ing reactions that were positive by the direct test
gave negative staining reactions when tested 4-8
weeks later. It is emphasized that detection of EEC
in faecal smears from the swabs incubated at room
temperature for long periods was not as satisfactory
as immediate processing. Staining reactions were
more difficult to interpret owing to drying and the
resulting crenation of the bacterial cells.

Direct cultural and FA examination of the 24

specimens from Puerto Rican infants who were hos-
pitalized for conditions other than diarrhoea gave
one positive result. E. coli of serotype 01 19:B14:H6
was isolated from this specimen; it, also, was stained
by specific fluorescent antibody in smears prepared
from the faecal suspension. The first paper in this
series may be consulted for results of examination of
other types of control specimens used in the study."

1 See the article on page 137 of this issue.
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Comparison of agglutination and FA staining reaction
Including both direct and delayed examinations,

there were 142 opportunities to make a comparison
of presumptive agglutination tests and FA staining
reactions. Colonies fished from media inoculated
with faecal specimens were invariably tested by slide
agglutination in OB sera for nine serogroups of
E. coli prior to staining them with FA. Growth from
blood agar was used where possible. In 122 of the
142 comparisons, the cultures were both agglutinated
by serum and stained by FA (Table 6). Of these, 118
proved to be EEC. The remaining four were miscel-
laneous types of enteric bacteria usually serologically
related to the EEC. Twenty cultures were agglutin-
ated to some degree by serum but did not stain with
the FA reagents. None of these proved to be known
enteropathogenic types. Thus, if read too closely,
the presumptive agglutination test was capable of
yielding false positive results. Nevertheless, for two
reasons these data cannot be used to support the
conclusion that presumptive agglutination tests are
less specific than FA tests. First, the same basic
mechanism underlies the two types of test, and the
results obtained should be similar. Secondly, diver-
gent findings may be explained by application of
different degrees of expertness to the performance of
the agglutination and FA testing procedure.

Staphylococci and Candida

An analysis was made of the age-group distribu-
tion of coagulase-positive staphylococci in specimens

TABLE 6
COMPARISON OF AGGLUTINATION AND FLUORESCENT

ANTIBODY STAINING REACTIONS OF CULTURES
ISOLATED FROM FAECAL SPECIMENS

Positive reaction
Identification

Agglutination FA

Enteropathogenic E. coli

Non-enteropathogenic E. coli

Total

a These cultures, which also gave positive agglutination
reactions, consisted of the following:

1. Citrobacter sp.; related to E. coli 0127.
2, 3. E. coll 071; K antigen related to B15.
4. E. coil; 0 antigen undetermined; no known relationship

to EEC.

from all 291 patients. The distribution of Candida
species was determined similarly. In neither case was
there evidence of either association or lack of associa-
tion of either of these two organisms with EEC.

Shigellae

Shigellae of four different serotypes were isolated
from a total of 19 specimens, 16 of these yielding
Shigella sonnei. This species occurred most fre-
quently in the 7-12-month age-group, as shown in
Table 7. The two youngest age-groups accounted for
63.1 % of all cultures of shigellae. The incidence of
shigellae among all patients studied amounted to
6.5%.
When faecal smears from each of the 291 patients

were tested with labelled antibody for Sh. sonnei, only
12 revealed stained organisms. Sh. sonnei was iso-
lated from 10 of the 12 specimens; no salmonellae,
shigellae, or EEC were isolated from the other two.
Sh. sonnei was cultured from six specimens giving
negative FA reactions with the Sh. sonnei conjugate.
In addition to the above, one culture each of Sh.
flexneri of serotypes 2a, 3a, and 4 was isolated from
specimens which did not reveal stained organisms
when the conjugate for Sh. sonnei was applied.
E. coli 011l:B4:NM was isolated from the specimen
containing Sh. flexneri 3a (Table 8). Another yielded
both E. coli 0125:Bl5:H21 and Sh. flexneri 2a. A
third contained both Salmonella derby and Sh. sonnei.
Two additional patients, positive by culture for
Sh. sonnei, also yielded cultures of 0126:B16:H12
and 0127:B8:H11, respectively. Sh. sonnei was
isolated from one specimen in which E. coli 0127 was
stained but not recovered. The staining characteris-
tics of pure cultures of each of the isolated strains
were studied. All strains of Sh. sonnei (16) gave
positive reactions; none of the other strains (3) was
stained by the conjugate for Sh. sonnei.

Salmonellae
Seven strains of salmonellae, including five dif-

ferent serotypes, were isolated from seven of the
291 patients examined (Table 9). The youngest age-
group (under 6 months) yielded three of these strains.
The apparent incidence of salmonellosis was quite
low, being approximately 2.4%.
When faecal smears from each of the 291 patients

were stained with labelled antibody for Salm. typhi-
murium, organisms resembling salmonellae were seen
in only one. This was one of the seven that yielded
salmonellae by culture, and Salm. heidelberg was the

166



FLUORESCENT ANTIBODY IN IDENTIFICATION OF ENTEROPATHOGENIC E. COLI. 3 167

TABLE 7
AGE-GROUP DISTRIBUTION OF SHIGELLA SEROTYPES ISOLATED FROM

FAECAL SPECIMENS OF 291 PATIENTS

0-6 T7-12113-18119-241241 N n. oaShigella serotypes months months | months months | months No ml| Tota
(116) a (58) a (36) a (31) a (47) a (3) a (291)

Sh.sonnel 4 6 3 0 3 0 16

Sh. flexneri 2a 1 0 0 0 0 0 1

Sh. flexneri 3a 0 1 0 0 0 0 1

Sh. flexneri 4 0 0 0 1 0 0 1

-Total 5 7 3 1 3 0 19
(6.5%) b

Percentage of total
positives 26.3 36.8 15.8 5.3 15.8 0 100

a Number of patients In each age-group.
b Demonstrated incidence of shigellosis.

serotype recovered. Four specimens yielding other
serotypes of Group B Salmonella and one specimen
from which Salm. infantis was isolated gave negative
results by FA tests. E. coli of serotype 026:B6:NM
was isolated from the faecal specimen containing
Salm. infantis, and E. coli of0 group 128 was stained
in smears of an additional specimen containing
Salm. miami (Table 8). Pure cultures of each of the
isolated strains except Salm. miami were stained bril-
liantly by the conjugate for Salm. typhimurium.

DISCUSSION

Differences in FA and cultural test results
Correct interpretation of the data presented above

requires critical examination of reasons for the excess
of positive results for EEC obtained by FA over
those resulting from culture. Approximately one-
third (34) of the total positive specimens (106) were
positive by FA test only. To what extent do these
represent false positive fluorescent antibody tests for
enteropathogenic E. coli? Since the problem cannot
be approached directly, certain indirect lines of
evidence must be considered. The data presented
above are based on results obtained from a combina-
tion of both immediate and delayed (4-8 weeks) pro-
cessing of specimens. Five specimens which were
positive by FA examination but negative by culture
at the time of the original examination in Puerto
Rico yielded positive cultures several weeks later in
Atlanta. Thus, of a total of 40 direct staining tests

positive by FA only, 5 (12.5 %) were positive for EEC
by delayed culture. This constitutes proof that at
least a small fraction of specimens positive by FA
and negative by culture at the time of the first
examination did, in fact, contain viable EEC. There-
fore, cultural failure due to chance explains, in part,
the excess of FA positives. One culture, isolated
from a specimen originally positive by FA only,
proved to be a Citrobacter species closely related to
E. coli 0127.

Probably the most important reason for the greater
sensitivity of the FA tests in this evaluation was the
multiplication of EEC in swabs and swab washings
prior to preparation of smears for FA examination.
As noted in the second paper of this series,' EEC
multiply rapidly at room temperature in swabs im-
pregnated with pure cultures or with faecal material
containing the organisms.

In the present study the specimens were cultured
within five minutes of the time they were taken from
the patient. Swabs for FA studies were held at room
temperature for varying periods of time, usually not
exceeding four hours, before suspensions were made.
Multiplication of EEC undoubtedly took place dur-
ing this period. Smears for FA examination were
prepared from the saline suspensions after periods
usually not exceeding two hours at room tempera-
ture. It was noted on many occasions that increas-
ingly greater numbers of stained organisms were

1 See the article on page 153 of this issue.
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TABLE 8
SUMMARY OF MULTIPLE TYPES OF ENTERIC PATHOGENS ENCOUNTERED

IN PUERTO RICAN STUDY AS SHOWN BY FLUORESCENT ANTIBODY
AND CULTURAL TESTS

E. coli Shigella Salmonella
Specimens FA Culture FA a Culture FA b Culture

BOD 10 086: B7
0126: B16 -
0128: B12 -

BOD 43 O111: B4 O111: B4
086: B7 086: B7

BOD 68 055: B5 055: B5
0111: B4 0111: B4

RP 27 086: B7 -

0125: B15 -

RP 57 026: B6 -

0128: B12 -

RP 68 0125: B15 -

0127: B8 -

RP 108 0128: B12 -

055: B5 -

BOD 3 0128: B12 - - Salm. mlami

BOD 24 0127: B8 _ Sh. sonnel Sh. sonnei

BOD 30 0127: B8 0127: B8 Sh. sonnet Sh. sonnet

RP 94 026: B6 026: B6 - Salm. infantis

RP 96 0126: B16 0126: B16 _ Sh. sonnei

RP 106 0111: B4 0111: B4 _ Sh. flexnerl 3a

C 37 0125: B15 0125: B15 _ Sh. flexnerl 2a

M 842 Sh. sonnel Sh. sonnei - Satm. derby

a Conjugate for Sh. sonnel.
b ConJugate for Salm. typhimurtum.

seen in repeat smears from a given specimen as
incubation was continued. Data previously obtained
in this laboratory indicated that light faecal suspen-
sions frequently served as excellent enrichment media
for a variety of enteric pathogens. Similar observa-
tions were made by Thomson (1955) and Cohen,
Page & Stulberg (1961) in respect of increases in
numbers of EEC in broth enrichments inoculated
with faeces. Thus, it seems likely that the sensitivity
of the FA tests relative to cultural examinations was
increased appreciably by incubation of specimens
prior to examination.
Another important point is that labelled antibodies

for the nine groups of enteropathogenic E. coli

proved to be quite specific when tested with heterolo-
gous cultures of Enterobacteriaceae. These data were
presented in the first paper of the series,' and fur-
nished evidence of the rarity of cross-staining reac-
tions given by conjugates of pathogenic serotypes of
E. coli.
A fourth point of interest is the failure of the

culture method, possibly owing to drug therapy,
lytic bacteriophages, bacterial antagonisms, or other
reasons. Whitaker et al. (1958) discussed the useful-
ness of FA staining techniques for following the
excretion of pathogenic E. coli in patients under

1 See the article on page 137 of this issue.
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TABLE 9
AGE-GROUP DISTRIBUTION OF SALMONELLA SEROTYPES ISOLATED FROM

FAECAL SPECIMENS OF 291 PATIENTS

0-6 7-12 13-18 19-24 >24 No 1nf. Total
Salmonella serotypes months months months months months

(116) a (58) a (36) a (31) a (47) a (3) a (291)

Salm. heidelberg
4, 5, 12: r-1, 2 1 0 0 0 0 0 1

Salm. derby
1,4,12:fg 1 0 1 0 0 0 2

Salm. saint-paul
1, 4,5,12: e, h-1, 2 1 0 0 0 0 1 2

Salm. miami
1 9,12:a-1,5 0 0 0 1 0 0 1

Salm. Infantis
6, 7: r-1, 5 0 0 0 1 0 0 1

Total 3 0 _1 2 0 1 7 (2.4%)b

a Number of patients in each age-group.
b Demonstrated incidence of salmonellosis.

therapy. In some infants it was shown that the
organisms could be stained in faecal smears during
treatment and in the absence of symptoms or isola-
tion of the bacteria. After neomycin was discon-
tinued, some patients relapsed and cultivable organ-
isms reappeared in the faeces. Although antibiotics
are widely dispensed in Puerto Rico, there is no
evidence that drug inhibition played any significant
part in reducing the yield of culturally positive
specimens in this study. Case-histories revealed that
relatively few patients had been treated with anti-
biotics and that those receiving drugs were found no
more frequently in the culturally negative than in
the culturally positive group.
The age-group distribution of infants whose speci-

mens yielded FA positive but culturally negative
results should be contrasted with that of patients
whose specimens were positive by both tests (Table 2).
Among the patients who were culturally positive, a
much higher percentage of positive results was found
in the 0-6-months age-group than in any of the other
four categories. On the other hand, the age-specific
rate among infants whose specimens were positive by
FA tests only was approximately the same in all of
the four youngest age-groups. This fact can be used
as evidence that the excess of FA positive over
culturally positive specimens is due, in part, to false
positive staining results. However, it also is possible
that the FA technique may possess a relatively
greater advantage over the cultural method when ap-
plied to specimens containing very small numbers of

EEC than when tested against specimens containing
large numbers of organisms. Although there are no
substantiating data, it is likely that the younger
infants with diarrhoea excrete larger numbers of
organisms in the faeces than do the older children.
If this is true, the FA test, being more sensitive, may
permit detection of EEC equally well in children of
all age-groups during the first two years of life,
whereas cultural isolation of the agent may become
increasingly difficult as the child's age increases.

Control tests
The results of the examination of specimens from

infants who served as controls in the evaluation study
require further comment. Specimens from domiciled,
well babies were desired for this purpose, but it was
decided that the more accessible hospital patients
from the same geographical study areas would suf-
fice if they were free from symptoms of diarrhoea.
A higher incidence of enteropathogenic types of
E. coli may be expected in hospitalized infants than
in infants at home, owing to the rapid exchange of
faecal flora under institutional conditions. However,
the point at issue is whether or not the faecal flora of
non-diarrhoeic infants is likely to give false positive
FA reactions. Specimens from 24 babies hospitalized
for conditions other than intestinal disease were
examined in Puerto Rico. One of these infants
yielded an enteropathogenic serotype (O1 19:B14) by
culture, and the smears were positive by FA staining.
An incidence of 4% or more might be expected in
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children who are contacts of cases. Thus, there was
no indication that infants who are normal with respect
to intestinal symptoms harbour non-pathogenic
bacteria that are serologically related to the EEC.
These data should be considered together with those
obtained by the examination of 32 non-diarrhoeal
specimens from infants and 25 specimens from each
of two groups of adults in the Atlanta area, one with
and one without symptoms of diarrhoea. These
results are shown in Table 4 of the first paper of this
series.' Thus, on the basis of the study of a total of
106 individuals, including infants without symptoms
of diarrhoea and adults with and without diarrhoea,
it is concluded that the specificity of FA tests for
the detection of EEC is not restricted to specimens
from infant diarrhoea.

Specificity and sensitivity
Possible reasons for the specificity of FA staining

reactions for enteropathogenic E. coli as contrasted
with the apparent lack of specificity previously
reported for salmonellae and shigellae require com-
ment. It has been shown that neither salmonellae
(Thomason, Cherry & Edwards, 1959) nor shigellae
(LaBrec, Formal & Schneider, 1959) can be detected
reliably in human faecal smears by staining with
conjugates derived from sera suitable for routine
agglutination tests. Non-salmonellae having sero-
logically related surface antigens were responsible
for part of the false positive reactions obtained with
conjugates for this group. Presumably, the lack of
specificity of the system used for detecting shigellae
had a similar basis, since the latter are known to be
antigenically related to various 0 groups of E. coli.
The limited results of this study indicate that specially
prepared antisera for the K-type antigens of salmo-
nellae and shigellae may be more specific than the 0
antisera used in previous investigations. The multi-
plicity of false staining reactions was not obtained
with culturally negative specimens; however, the
sensitivity of the salmonellae and shigellae conjugates
was less than that demonstrated with the EEC con-
jugates.
Why does this difficulty not exist in the detection

of pathogenic E. coli? The results reported in this
series of papers show that surface antigens (OB) of
the nine serogroups of EEC studied apparently are
not widely dispersed among non-pathogenic enteric
bacteria in the human intestine. Although 5-10
colonies were fished at random from plates inocu-

1 See the article on page 137 of this issue.

lated with each of the FA negative specimens (185),
there were no colonies which proved to be EEC by
agglutination with OB serum followed by definitive
typing. It appears unlikely that these specimens
contained organisms which were serologically related
to the enteropathogenic E. coli and which were un-
detected by fluorescent staining.
The earlier work of Whitaker et al. (1958) and the

recent work of Nelson & Whitaker (1960) and of
Cohen, Page & Stulberg (1961) indicate the feasibility
of using fluorescent globulins for rapid, presumptive
detection of EEC. The former workers called atten-
tion to the sensitivity of the test for demonstrating
small numbers of EEC in faecal specimens. The
latter workers confirmed and extended the previous
findings by evaluating the staining in infant diarrhoea
using pools of fluorescein-labelled globulins for 10
and 9 serotypes of EEC, respectively. A more recent
report (Nelson et al., 1961) emphasized the epidemio-
logical application of the FA technique in the study
and control of an outbreak of diarrhoea in a nursery
for premature infants. It is unfortunate that in none
of these studies were staining and cultural results
confirmed by definitive serotyping of the organisms
involved. This step would have provided a sounder
basis for evaluation of the work. However, the con-
clusions drawn from our data dealing with the
sensitivity and specificity of FA reagents for detec-
tion of EEC in no way conflict with those of Nelson
& Whitaker or with those of Cohen, Page & Stulberg.

Definitive identification

Immunofluorescence tests for EEC are not a sub-
stitute for isolation and definitive serotyping of these
bacteria. It is imperative that representative speci-
mens from any group of individuals studied be
cultured and the E. coli serotyped according to con-
ventional procedures (Ewing, 1956a, 1956b). The
K, 0, and H antigens of cultures from outbreaks of
infantile diarrhoea should be identified accurately.
It then can be determined if they are serotypes of
E. coli known to be associated with diarrhoea
(Ewing, Tatum & Davis, 1957). However, when the
problem has been defined by complete characteriza-
tion of the pathogens involved, staining with fluor-
escent antibody becomes an excellent tool for rapid
screening of faecal smears. Specimens negative for
EEC by FA tests require no further examination for
these organisms. This diagnostic technique should
prove extremely valuable in the management and
control of infant diarrhoea due to E. coli.
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RtSUMt

Les auteurs rendent compte de la premiere enquete sur
le terrain pour la recherche d'Escherichia coli comme
agent pathogene de la diarrhee infantile, parmi 315
enfants, a San Juan, Porto Rico, au moyen de la tech-
nique des anticorps fluorescents. Cette dernire s'est
montree plus rapide, plus sensible et aussi specifique que
la methode par isolement des souches par culture et
agglutination sur lame. Dans tous les cas ou l'agglutina-
tion etait positive, la fluorescence l'etait aussi. Dans un
tiers environ des echantillons examines, la fluorescence
etait positive et la culture negative. Examinant les di-
verses raisons possibles de cette difference, les auteurs
mentionnent en particulier le fait que les cultures ont et6
prepar&es dans les cinq minutes qui ont suivi le preleve-
ment, tandis qu'avant 1'examen par fluorescence, les
ecouvillons ont sejourne jusqu'a quatre heures a la tem-

perature du laboratoire. Comme d'autres recherches
l'ont montre, cette incubation facilite le developpement
des organismes et augmente la proportion d'examens
positifs.

Les tests d'immunofluorescence pour la recherche des
E. coli pathog6nes ne remplacent pas les epreuves par
isolement et serotypage des souches par d'autres me-
thodes. Cependant, ils peuvent rendre de grands services
pour l'examen de frottis de feces et le diagnostic rapide
de diarrhees infantiles dans des institutions, le traitement
des enfants, et la lutte contre la maladie.
Le test par fluorescence a rev6le la presence d'E. coli

(ensemble des 9 serotypes) dans 36,4% des cas survenus
dans la population etudiee. Par la methode des cultures,
E. coli a et mis en evidence dans 24,7% des cas, des
Shigellae dans 6,5 % et des Salmonellae dans 2,4% des cas.
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