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Rapid Detection of Typhoid Carriers by Means
of Fluorescent Antibody Techniques*
BERENICE M. THOMASON & ALMA C. McWHORTER
Fluorescent antibody techniques have proved advantageous for rapid detection of
enteropathogenic Escherichia coli. Previous attempts to adapt these procedures to the rapid
identification of Salmonella typhi have been limited by the number of cross-reactions
obtained when a polyvalent Salmonella or a S. typhi 0 conjugate was used to stain faecal
smears. The results obtained using a purified Vi conjugate and a S. typhi 0, Vi conjugate to
screen faecal smears from a number of typhoid carriers are described in this report. The
data show that essentially the same number of carriers were found positive by fluorescent
antibody as were found by conventional bacteriological methods, although each technique
missed a number of positive specimens that were detected by the other. The immunofluorescent technique has the advantage ofbeing more rapid and economical to perform than
cultural procedures.

Past attempts to utilize fluorescent antibody (FA) were agglutinated by one or more of the Salmonella
procedures for the rapid detection of Salmonella grouping sera and stained by one or more of the
typhi in faecal specimens have met with limited conjugates.
success. It was demonstrated that the antigenic
Cross-reactions were obtained when Salmonella
components of S. typhi-namely, 0, Vi, and d paratyphi A, Salmonella typhimurium, and Salmonella
antigens-could be stained both individually and enteritidis were stained with a conjugate prepared
collectively by antibodies labelled with fluorescein from diagnostic agglutinating antisera for S. typhi
isocyanate (Thomason, Cherry & Moody, 1957). (Daskevic et al., 1959). Ivanova (1960) demonHowever, when polyvalent (0, Vi) Salmonella con- strated that S. typhi could be detected in water
jugates and a S. typhi 0 conjugate were used to samples and from surfaces of commonly used objects
study a series of faecal specimens from typhoid by means of a polyvalent (9, 12, Vi, d) conjugate.
carriers, from patients with gastroenteritis, and from In determining specificity of her reagent, she found
normal individuals, the results were disappointingly cross-reactions with various Salmonella strains that
non-specific (Thomason, Cherry & Edwards, 1959). shared common antigens with S. typhi and conStudies with pure cultures of various Enterobacteria- cluded that the identification of S. typhi by polyvalent
ceae revealed a number of antigenic relationships FA reagents should be corroborated by the use of
which were expressed by brilliant staining of the non- monoreceptor fluorescent antibodies.
Salmonella organisms when treated with the polyThe present report describes the preparation and
valent Salmonella reagent. The 0 conjugate for evaluation of sorbed Vi antibody labelled with
S. typhi gave fewer cross-reactions with pure cultures fluorescein isothiocyanate (FITC) and a conjugate
than did the polyvalent Salmonella conjugate. containing antibodies for the 9, 12, and Vi antigen
However, when faecal specimens from normal adults of S. typhi.
were examined, 17 of 25 specimens contained
fluorescing organisms that could not be differentiated
MATERIALS AND METHODS
from S. typhi. None of the former could be isolated.
From a series of patients with gastroenteritis, a Strains used
strain each of Proteus, Escherichia coli, and Klebsiella
(a) 34 strains of Salmonella, representing groups A
and two strains of Citrobacter were isolated. These through E4 of the Kauffmann-White
schema.
* From the US Department
of Health, Education, and
(b) 1 Citrobacter freundii (029, Vi).
Welfare, Public Health Service, Communicable Disease
(c) 1 Citrobacter freundii (029).
Center,_Atlanta, Ga., USA.
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Antisera
Vi antisera were produced by immunizing rabbits
with alcohol-dried antigen of Citrobacter freundii
(029, Vi) as described by Edwards & Ewing (1962).
These sera were sorbed with the W form (029) to
remove all 0 agglutinins.
0, Vi antisera were produced by immunizing
rabbits with formolized suspensions of S. typhi cells
which contained large amounts of Vi antigen.

Preparation of labelled reagents
The globulin portions of the antisera were obtained
by fractionation with ammonium sulfate and were
labelled with FITC as described by Thomason et al.
(1961).
The conjugated globulin of each antiserum was
titrated against both the Vi and the W form of
Citrobacter freundii (029) and of S. typhi. The
staining titre of the Vi antibody in both conjugates
was the same (1: 160) when either S. typhi (9, 12, Vi,
d) or C. freundii (029, Vi) was used as antigen. The
0, Vi reagent stained the W form of S. typhi (9, 12)
with a 2+ fluorescence at a 1: 80 dilution but did
not stain the W form of C. freundii. No fluorescence
was observed when a non-Vi-containing strain of
C. freundii (029) was treated with the sorbed Vi
conjugate prepared with a Vi-containing strain of
this species as described above.

UG-1 (2 mm) exciter filter, a bispheric darkfield
condenser (N.A. 1.20), a 95X oil-immersion objective (N.A. 1.15), and a Euphos (2.5 mm) barrier
filter. Fluorescence was noted visually and recorded
on a scale ranging from 0 to 4+ intensity.
Conventional procedures
Suspensions consisting of 10%-20% faeces were
prepared either in sterile 0.85% NaCl or in heart
infusion or nutrient broth. MacConkey, SalmonellaShigella, and bismuth-sulfite agar plates and selenite
broth were inoculated from the suspensions. After
18-24 hours' incubation at 37°C, suspected S. typhi
colonies were transferred from the plates to triplesugar-iron-agar slants from which slide-agglutination
tests with S. typhi 0 (9, 12) and with C. freundii Vi
antisera were performed. Bismuth-sulfite plates were
incubated for 48 hours before discarding. Biochemical testing and definitive serological typing
(0, Vi, H) studies were performed on every isolate
suspected of being S. typhi. The cultural results
were based on isolations obtained from a combination of primary plating and plating from the enrichment medium.
RESULTS

Staining of Salmonella byfluorescent conjugates
Representative strains of Salmonella groups A
through E4 were treated with a 1: 80 dilution of
Preparation and staining of smears
both the Vi (C. freundii) and the 0, Vi (S. typhi)
Smears were prepared from saline suspensions of conjugates. The only strains stained were those
pure culture of salmonellae and Citrobacter freundii. antigenically related to S. typhi (Table 1). Those
Faecal suspensions were prepared by emulsifying a strains containing no Vi
were stained
loopful of faeces in 0.5-1.0 ml of sterile physiological weakly by the 0 antibody inantigen
the 0, Vi conjugate;
saline, and these were used to prepare smears for strains containing large amounts of VI
were
FA examination. Duplicate smears were made on stained to the maximal intensity of the antigen
Vi antibody
glass slides, air-dried, and fixed by gently passing in both conjugates.
them through a flame. One drop of the diluted Vi
conjugate was placed on one of the smears. The FA and cultural studies on faecal specimens from
other smear was treated with the same amount of
normal adults
the 0, Vi conjugate. The slides were placed in a
Stool specimens from 64 healthy adults were
moist chamber and allowed to stain for 20 minutes, collected on buffered cotton swabs (Thomason et al.
then rinsed for 10 minutes in two changes of buffered 1961). Faecal suspensions were prepared and smears
saline (pH 7.4). The smears were mounted in were stained with both the Vi and the 0, Vi conbuffered glycerol (pH 9.0) and examined by using a jugates. No fluorescent organisms were observed in
Leitz fluorescence assembly fitted with a Philips any of the smears and cultural tests for S. typhi were
CS-150 mercury-arc burner in combination with a negative (Table 2).
Leitz Ortholux microscope equipped with a darkfield condenser.' The light was passed through a FA and cultural studies on faecal specimens from
typhoid carriers
1 Use of trade names is for identification only and does
The names and addresses of 129 persons registered
not constitute endorsement by the Public Health Service or
by the US Department of Health, Education, and Welfare. as typhoid carriers were obtained from the records
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TABLE I
REACTIONS OF REPRESENTATIVE STRAINS
OF SALMONELLA ANTIGENICALLY RELATED
TO S. TYPHI
Aniei
Aschema
ofscheains
of strains

Salmonella
strains tested

S. typhimurium
S. paratyphi B
S. saintpaul
S. derby

1, 4, 5, 12
1, 4, 5,12
1, 4, 5, 12
1, 4, 5,12

S. iaviana
S. pullorum

1, 9,12
9, 12

S. dublin
S. gallinarumn
S. enteritidis
S. typhi 0901
S. typhi Me 1325
S. typhi 2V

1, 9,12
1, 9, 12
1, 9,12
9,12
9, 12, Vi
9, 12, Vi

S. paratyphi C

6, 7, Vi

|

10,

Fluorescence with
labelled globulins
Vi
Vi (1:80)

(1:80)1

1+ to 2+
2+
2+
1+ to 2+

-

-

2+
2+
2+
2+
2+
2+
4+
4+

-

-

-

4+
4+

[1+ to 2+a 1+ to 2+a

a Approximately I % of the cells were stained. Slide test
for Vi agglutination was doubtful.

of the New York City Health Department and the
Louisiana State Board of Health. Faecal specimens
were collected and subjected to complete FA and
cultural tests. The two methods were done independently by different persons and the results of one
were unknown to the other until the series were
TABLE 2
FLUORESCENT ANTIBODY AND CULTURAL RESULTS
WITH FAECAL SPECIMENS FROM TYPHOID CARRIERS
AND NORMAL INDIVIDUALS
Source
of stools
____________

a

No.
positive
~~by culture

j

No. positive
by FA

129 carriers

91 a

9o b

64 normal

0

0

Six carriers

by FA.

were positive by culture who were negative

b Five carriers were positive by FA who were negative by
culture.

683

compared. If available, the age, date of illness, and
date of first recorded positive stool culture of each
patient were obtained. Such information was
available for only 59 persons. No information was
available for the remaining 70 except that their names
had at some previous time been placed on the
register of typhoid carriers.
The average age of the patients examined was
59 years. Of the 59 carriers for whom previous
information was available, 34 gave a history of
illness with typhoid fever. The data showed that
the number of years since illness ranged from 1 to
71 with an average of 32. Positive stool cultures
within the last two years were recorded for 43 of
these 59 carriers. When subjected to cultural and
FA tests, 35 of the 43 were positive by both tests;
one was positive by FA only, and seven were
negative by both FA and cultural procedures. Of
the seven who were negative, three had been treated
recently with antimicrobial drugs. Of the 16 carriers
who had been negative by culture for over two years,
only two were positive by FA and culture; two were
positive by FA only, and 12 were negative by both
tests. It should be noted that nine of those 12
individuals had not yielded a positive culture for
periods ranging from 10 to 40 years. Of the 70
individuals for whom no histories were available, 48
were positive both by culture and FA, six by culture
alone, and two by FA alone.
The results of FA and cultural tests on specimens
from the total of 129 carriers are shown in Table 2.
Of those, 91 (or 70.5 %) were positive by culture for
S. typhi; whereas 90 (or 69.8%) were positive by
FA tests. At the time of the examination, six
carriers were positive by culture who were negative
by FA tests. FA tests yielded positive results on five
carriers who were negative by culture. There were
nine specimens that were positive with the Vi conjugate but not with the 0, Vi reagent, and one
specimen that was positive with the 0, Vi conjugate
but not with the Vi reagent (Table 3).
The only heterologous organisms observed that
gave maximal fluorescence (4+) were enterococcuslike bacteria. These organisms fluoresce when
smears containing them are treated with a variety
of labelled FA reagents and probably represent
bacteria for which antibody is commonly present
in normal sera. Their morphology is usually distinguishable from that of the typhoid bacillus.
The appearance of S. typhi in a faecal smear from a
carrier is shown in the accompanying photographic
plate.
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TABLE 3
RESULTS OF FLUORESCENT ANTIBODY TESTS USING
Vi AND 0, Vi CONJUGATES ON 129 REGISTERED
TYPHOID CARRIERS
FA staining with:

Cultural
results

v
Vi

+

-*

0,,vVi

+

Positive (91)
Negative (38)

84

7

5

33

79
2

Total (129)

89 a

40

81 b

I12
36

(

48

a Nine specimens were positive with Vi conjugate that were
negative with 0, Vi.
b One specimen was positive with 0, Vi conjugate that was
negative with the Vi.

DISCUSSION

The results of the FA test for S. typhi were compared with those obtained when Escherichia coli
FA reagents were used to stain faecal specimens
from patients with infantile diarrhoea. It was apparent
that fewer FA-positive, culturally negative specimens were found with the Vi and 0, Vi conjugates
than with those for the enteropathogenic E. coli
(EEC). In the present study, only 5 of 90 (5.6%)
FA-positive specimens were negative by culture;
whereas, Cherry et al. (1961) found 32.1 % of specimens which were FA-positive for EEC to be
negative when cultured, and Boris et al. (1964)
reported similar results (31.7%) in their study of
EEC diarrhoea. This difference is thought to be due
to the highly selective media (SS and bismuth
sulfite) used in the isolation of the typhoid organism,
in contrast to the relatively non-selective medium
(MacConkey) employed for isolation of E. coli.
The number of fluorescing organisms per microscopic field as a rule was much less than was
observed in smears of specimens from infant
diarrhoea due to EEC. This was not an unexpected
finding since it has been known that infants with
acute diarrhoea due to E. coli excrete very large
numbers of these organisms. Only 9.5% of the
FA-positive typhoid specimens contained over 10
organisms per field. In 20% of the specimens, there

were only one to five organisms per smear. The
relatively small numbers of organisms encountered in
a large percentage of specimens may account for the
failure of the FA test to detect all of the culturally
positive specimens. Also, the FA results were based
on one examination per specimen; whereas, during
the cultural studies, there were eight opportunities to
isolate the organism (one MacConkey, one Salmonella-Shigella, and two bismuth-sulfite plates were
inoculated directly from the faecal suspensions and
again after enrichment in selenite broth). If additional smears of faecal material from each carrier
could have been examined during this study, more
FA-positive results probably would have been
obtained, thereby increasing the effectiveness of the
FA technique.
The difference between the number of positive
results obtained with the Vi reagent and those
obtained with the 0, Vi conjugate probably was due
to chance, and it is not significant for the following
reasons: (1) smears stained with the Vi conjugate
were examined first so that a more extensive search
may have been made of those smears than was made
of those stained with the 0, Vi reagent; and (2) all
the specimens that were positive with only one
reagent contained very few organisms.
The 0, Vi conjugate was used because of the
possibility of encountering non-Vi-containing cells
of S. typhi that would be missed if only the purified
Vi conjugate was used. However, this was not a
practical difficulty, although the co-existence of V
and W form cells in specimens from carriers is a
distinct possibility. If a 9, 12, Vi conjugate is used
for diagnostic purposes, it must be remembered that
cross-reactions can and most probably will occur if
salmonellae or other bacteria containing either the
9 or the 12 antigen are present in a faecal specimen.
Analysis of the data revealed a 91.5% agreement
between FA and cultural methods. Each technique
missed some positives that were picked up by the
other. The combined use of FA and cultural procedures yielded a larger number of positive results
than either method alone. The results indicated that
high-titred, specific FA reagents furnish a practical
diagnostic tool for the rapid detection of typhoid
organisms in faecal specimens of carriers and presumably of patients with acute disease, although the
opportunity to examine specimens from cases has
not arisen.

SALMONELLA TYPHI IN FAECAL SMEARS FROM TYPHOID CARRIERS STAINED
WITH FLUORESCEIN-LABELLED Vi ANTIBODY
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RESUMt
L'identification des Escherichia coli pathogenes par la
technique des anticorps fluorescents donne des r6sultats
satisfaisants mais cette methode est limitee lorsqu'on
l'applique A Salmonella typhi: un conjugue polyvalent
Salmonella ou un conjugue S. typhi 0, utilises pour
colorer les etalements de selles, produisent de trop
nombreuses reactions croisees. Les auteurs les ont remplaces par un anticorps Vi marqu6 par l'isothiocyanate de
fluoresceine. La specificite de ce reactif fut recherch6e
avec des cultures pures de diverses Enterobacteriaceae
et des etalements de selles de sujets sains. Les organismes
contenant I'antigene Vi furent seuls colores par le

reactif fluorescent. Dans le groupe controle, aucune
fluorescence des etalements de selles ne fut observee.
Des pr6parations provenant de 129 porteurs reconnus
de bacilles typhiques furent traitees par un conjugu6 Vi
ou un conjugue 0, Vi; en meme temps, une culture des
selles de ces sujets etait effectuee. Les deux methodes,
par cultures et par immunofluorescence, montr6rent la
meme specificite et la meme sensibilit6. Un certain
nombre de cas d'infections a S. typhi echappa a l'une
et fut trouv6 par l'autre. La m6thode d'immunofluorescence a l'avantage d'etre rapide et economique.
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