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The assay for serum antibody to the Salmonella typhi capsular polysaccharide
(Vi) antigen has recently been revised because of the availabiity of a purified,
highly polymerized Vi antigen. We compared this revised Vi antibody assay to
the traditional one for potential usefulness in the surveillance of chronic enteric
carriers of S. typhi. The purified Vi antigen of Citrobacter freundii was incorpo-
rated into a passive hemagglutination assay for serum Vi antibody; the standard
Vi antibody assay was also a hemagglutination assay that employed as the Vi
antigen a crude extract of Citrobacter (Ballerup O group 29). As determined by
the revised assay, Vi antibody was found in the sera of 22 (71%) of 31 current
typhoid carriers, none of 6 resolved carriers, and none of 22 control subjects.
According to the traditional assay, Vi antibody was present in 23 of those current
carriers (74%), 1 of the resolved carriers (17%), and 4 of the control subjects (18%).
The rate of false-positive Vi antibody tests among resolved carriers and control
subjects was less with the revised assay (P < 0.05). Successful antimicrobial
therapy resulted in a reversion to seronegativity within 1 year in 8 of 10 Vi-
positive carriers according to the revised assay, but in only 3 of 11 according to
the standard assay (P < 0.05). During a 2-year period of observation, 15 (94%) of
16 current typhoid carriers had at least one positive purified Vi antibody test;
among 12 of those patients with Vi titers of 1:40 or greater, 9 (75%) were
continuously Vi positive. Thus, the revised Vi antibody assay is more specific and
no less sensitive than the standard assay for the condition of current enteric
carriage of S. typhi. This serological test could be of value in the surveillance of
typhoid carriers by public health agencies.

The asymptomatic enteric carrier of Salmo-
nella typhi is a key link in the epidemiology of
typhoid fever. The most recent statistics from
the United States indicate that over 30% of cases
can be traced directly to such a carrier (16). The
cornerstone of surveillance of typhoid carriers
by public health agencies is the periodic culture
of feces. Nevertheless, it is often difficult to
obtain fecal specimens for this important test.
Many typhoid carriers are elderly, poorly edu-
cated, and fail to understand the implications of
their condition. In addition, most individuals
have a natural aversion to handling their own
feces. Consequently, typhoid carriers are fre-
quently uncooperative when asked to submit
fecal specimens for culture (18).
An alternative means of following typhoid car-

riers would be desirable. A serological test, se-
rum antibody to the Vi capsular polysaccharide
of S. typhi, has traditionally been associated
with the persistence of S. typhi in the body after
acute typhoid fever (2). However, previous stud-
ies showed that this test possessed neither the
specificity nor the sensitivity for the condition

ofchronic typhoid carriage to have broad clinical
usefulness (1, 3, 9, 14).
The Vi antigen of S. typhi and that of Citro-

bacter freundii, which is antigenically identical
to the former (19), have recently been purified
in a highly polymerized form during a search for
an improved typhoid vaccine (20, 21). In the
process, the assay for serum Vi antibody was
revised to employ this purified antigen, in con-
trast to the crude antigen preparations that were
available for Vi antibody testing by earlier in-
vestigators. We decided to reevaluate serum Vi
antibody as determined by this enhanced assay
for its usefulness in the surveillance of typhoid
carriers. The question was specifically addressed
by correlating Vi serology with fecal excretion of
S. typhi in a prospective fashion. The Vi anti-
body response after successful and unsuccessful
antimicrobial treatment of typhoid carriers was
also evaluated.

MATERIALS AND METHODS
Patients and controls. Over a 2.5-year period

from January 1975 to June 1977, 37 individuals
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throughout Arkansas that were followed by the Ar-
kansas Department of Health, Little Rock, Ark., be-
cause of chronic, asymptomatic fecal excretion of S.
typhi were requested to submit serum specimens for
the determination of typhoid Vi, O, and H antibodies
at the time annual surveillance stool cultures were

performed.
For purposes of this study, a patient was classified

as a current typhoid carrier if S. typhi was isolated
from the stool specimen obtained with the test serum
specimen. Patients with negative stool cultures at that
time were cultured at least two additional times within
1 year. Those with positive stool cultures upon retest-
ing were also declared to be current carriers. If a

patient who had previously excreted S. typhi was
persistently stool culture negative during that period,
he was classifSed as a resolved carrier.
Serum and stool specimens were also obtained from

22 unhospitalized patients matched with respect to
age, sex, and race to the group of typhoid carriers.
Control subjects were selected from patients who at-
tended several outpatient clinics held by the Little
Rock City Department of Health. None had a history
of previous typhoid fever or typhoid vaccination.
At the time that the test specimens of feces and

sera were collected from the 37 typhoid carriers, all
those who could be classified as current carriers and
were younger than 80 years of age, free from serious
or debilitating underlying illness, and without a history
of allergy to penicillin were offered a course of anti-
microbial therapy in an effort to eradicate S. typhi
from the feces. A total of 16 patients completed the
treatment study, the results of which have been pub-
lished (12). Those patients received a 28-day course of
amoxicillin, 2 g orally three times a day. At intervals
of 3, 6, and 12 months after the termination of anti-
microbial therapy, stool cultures were done, and serum
specimens were obtained to define the Vi serological
response to treatment.
A total of 15 current typhoid carriers who declined

participation in the treatment study or did not meet
the criteria for antimicrobial therapy, 5 carriers who
were not cured by antibiotics, and 6 resolved carriers
were enrolled in a prospective study that sought to
correlate the results of stool cultures with Vi antibody
status. Those participating in this study were asked to
submit simultaneous stool and serum specimens every
6 to 12 months for a period of 2 years.

Bacteriological methods. Fecal specimens were

collected in 0.5% phosphate-buffered glycerin (pH 7.2)
and sent via mail or courier to the Laboratory Division,
Arkansas Department of Health. The specimens were
then subjected to routine handling for the isolation of
enteric pathogens (7), including streaking on bismuth
sulfite, SS, and MacConkey agars (Difco Laboratories,
Detroit, Mich.) and inoculation into Selenite broth
(Difco). S. typhi was identified by standard biochemi-
cal and serological reactions (7).

Serological methods. Blood was collected in a

glass tube, allowed to clot, and sent via mail or courier
to the Laboratory Division, Arkansas Department of
Health. Sera were separated by centrifugation, por-

tioned, and stored at -20°C. Every 3 months, serum

specimens were sent on Dry Ice to the Center for
Disease Control for serological assays.

The Vi antigen of a C. freundii strain traditionally
called Citrobacter 5396/38 was purified as previously
described (20). Briefly, the process involved the follow-
ing three steps: (i) the removal of nucleic acids and
proteins from acetone-killed and dried bacterial cells
by treatment with deoxyribonuclease, ribonuclease,
and pronase; (ii) concentration of the Vi polysaccha-
ride by extraction with 60% ethanol; and (iii) separa-
tion of the Vi polysaccharide from residual somatic
antigens by precipitation with 0.1% hexadecyltrine-
thylammonium bromide. In double-gel diffusion stud-
ies with antiserum to Citrobacter 5396/38 and S. typhi
strain Ty-2, this purified Vi antigen gave one sharp,
narrow precipitin band (20).
The crude Vi antigen was prepared by incubating

Citrobacter (Ballerup O group 29) on infusion agar
overnight. The bacteria were harvested in 0.15M NaCI
and steamed for 1 h. After cooling, the suspension of
killed bacteria was centrifuged, and the supernatant
fluid containing the Vi antigen was decanted and
stored at -20°C.
A passive hemagglutination assay was used to meas-

ure serum antibodies to the crude and purified Vi
antigens (17). Sheep erythrocytes were sensitized with
the crude Vi antigen in a 1:400 dilution of the NaCI
extract and with the purified Vi antigen at a concen-
tration of 10 ug/ml. Sera were added to suspensions of
sensitized and unsensitized erythrocytes in doubled
dilutions from 1:10 to 1:2,560. A hemagglutination titer
of less than 1:10 was considered to be negative. Serum
antibodies to the O and H antigens of S. typhi were
determined by a standard tube agglutination method
(7).

RESULTS
A total of 22 (71%) of 31 current enteric car-

riers of S. typhi had antibody to the purified Vi
antigen (purified Vi antibody) in their sera (Ta-
ble 1); 23 (74%) of them possessed antibody to
the crude Vi antigen (crude Vi antibody). In 21
patients, cfie titers of purified and crude Vi an-
tibody agreed within one tube dilution. Five
patients had titers of purified Vi antibody ex-

TABLE 1. Titers of serum antibodies to crude and'
purified Vi antigens among 37 typhoid carriers

No. of patients with reciprocal
Vi tier of:

Vi antigen
<10 10-40 80-320 2640

Current carriers (31)
Purified 9 8 7 7
Crude 8 12 8 3

Resolved carriers (6)
Purified 6
Crude 5 1
a Type of antigen used to sensitize erythrocytes in

the passive hemagglutination assay. Numbers in pa-
rentheses represent the total numbers of current and
resolved carriers.
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ceeding those of the crude antibody by more
than one tube dilution; in the remaining five
patients, the opposite pattern was observed, with
the crude Vi antibody titers exceeding those of
the purified Vi antibody by more than one tube
dilution. There was no correlation between the
titers of purified or crude Vi antibody and age,
sex, or length of carriage of S. typhi. Typhoid H
agglutinins were present in the sera of four cur-
rent carriers, whereas only two carriers pos-
sessed O agglutinins.
One of six resolved typhoid carriers had a low

titer of crude Vi antibody (Table 1). That patient
also had a typhoid H antibody titer of 1:20. No
resolved carrier had purified Vi or typhoid O
antibody.

In the control group, all 22 stool cultures were
negative for S. typhi, and all sera were negative
for typhoid O and H agglutinins. Likewise, all
were negative for purified Vi antibody, but four
of them (18%) contained crude Vi antibody in
titers ranging from 1:20 to 1:80. Thus, the overall
false-positive rates of the two Vi tests among
resolved carriers and controls were 0% (0 of 28)
for the purified Vi test and 18% (5 of 28) for the
crude Vi test (P < 0.05; x2 analysis) (11). Serum
specimens were periodically tested in random
fashion in a hemagglutination assay that em-
ployed the purified Vi antigen of S. typhi (21) as
the sensitizing agent. Antibody titers obtained
in these assays agreed within one tube dilution
with those in the assay with the Citrobacter Vi
antigen in over 95% of specimens.
The purified Vi antibody titer reverted to

negative within 1 year of successful antimicro-
bial therapy in all eight carriers who had an
initial titer of 1:640 or less (Fig. 1). During that
same period of time, the crude Vi antibody titer
declined in most patients but became negative
in only 3 of 11 patients in whom it was originally
positive (P< 0.05; Fisher exact test) (11). Among
five carriers who failed to be cured by antimicro-
bial therapy, both types of Vi antibody, if ini-
tially positive, remained positive with a minor
change in titer.
A total of 26 current carriers were initially

enrolled in the prospective study that sought to
correlate stool culture results and purified Vi
antibody; 18 submitted at least three paired
specimens of feces and sera during the 2-year
period and were considered to be evaluable.
Among the remainder, one patient who submit-
ted specimens only at the beginning and end of
the 2-year period was also included because she
had been a constant excretor of S. typhi for 14
years and was undoubtedly a current carrier.
Among the 12 current typhoid carriers who

had at least one purified Vi titer of 1:40 during
the prospective study, 9 (75%) had all serum

250 -

1210-

64O0-
- 3204
a 150-
3 80
-C 40-a

204
10-

<10

2510-
1280-
50-

.

..

- 320-

100.
00-

« 40-

20-

10-
< 10-

Pre-
Tx.

-4
A

-

B

Put- Pre-
Pure VI Tx. Ix.

Il

e

4-

Put.
Crude Vi Tx.

FIG. 1. Vi antibody response to antimicrobial
treatment of typhoid carriers. (A) Response of 11
carriers successfully treated; (B) response of 5 car-
riers unsuccessfully treated. Pre-Tx., Pretreatment;
Post-Tx. I year posttreatment. Pure Vi, Antibody to
a purified Vi antigen; crude Vi, antibody to a crude
Vi antigen.

specimens positive for purified Vi antibody (Ta-
ble 2). None of the four whose highest purified
Vi titers were less than 1:40 were persistently Vi
positive. Altogether, 15 of 16 current carriers
had at least one positive Vi antibody test during
the period of observation. As all three resolved
carriers were continuously Vi antibody negative,
the predicted value (8) of the purified Vi anti-
body test in the diagnosis of current typhoid
carriage during this 2-year period was 95%.

DISCUSSION

The surface antigen of S. typhi designated Vi
is a linear homopolymer of N-acetyl, O-acetyl-
polygalacturonic acid. This acidic polysaccha-
ride, which lies exterior to the bacterial cell wall,
is thus analogous in location and biochemical
composition to the Escherichia coli K antigens
(15) and probably serves a purpose similar to
those and other polysaccharide capsular or en-
velope antigens, namely, acting as a deterrent to
host defense systems such as complement-me-
diated bacterial lysis (13) and phagocytosis (10).
Antibodies to the Vi antigen appear in serum
during the course of convalescence from typhoid
fever in approximately 80% of cases (4). Like-
wise, typhoid vaccination evokes a Vi antibody
response in 85% of patients.
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TABLE 2. Comparison of stool cultures and the
purified Vi antibody test in the surveillance of

typhoid carriers during a 2-year period
No. of No. of No of
paired stool spec- No Reciprocal

e, , stool and imens pos- positive Vi Vi titersex, serum itive for S. antibody range
specimens typhi

Current
carriers

1, 62, M 4 4 1 <10-40
2, 76, F 2 2 1 <10-10
3, 68, F 3 3 0 <10
4, 72, F 3 3 3 640-1,280
5, 65, F 5 3 3 <10-1,280
6, 76, F 3 2 1 <10-10
7, 84, M 3 3 3 320640
8, 75, F 3 3 3 640-2,560
9, 84, F 3 2 3 320-640
10, 66, M 3 3 1 <10-10
11, 71, F 3 2 2 <10-640
12, 82, F 3 2 3 80-320
13, 79, M 3 3 3 40-160
14, 57, F 3 2 3 640-1,280
15, 67, F 3 3 3 160-320
16, 52, F 3 3 3 80-640

Resolved
carriers

17, 46, M 3 0 0 <10
18, 75, F 3 0 0 <10
19, 82, F 3 0 0 <10

a M, Male; F, female.
b Titers 21:10 were positive.

For years it has been appreciated that most
chronic carriers of S. typhi have serum Vi agglu-
tinins. Numerous attempts have been made to
apply the Vi serological test to the detection of
asymptomatic typhoid carriers, but results have
not been encouraging (1, 3, 5, 9, 14). The present
study shows that the Vi antibody test with a
purified, highly polymerized Vi antigen of C.
freundii has a greater diagnostic potential for
the condition of current typhoid carriage than
the traditional Vi antibody test with a crude Vi
antigen. The primary advantage of the newer
test lies in its increased specificity. The purified
Vi test was negative in all resolved carriers and
control subjects, whereas the crude antibody
test had a false-negative rate of 17% in those
groups. Moreover, the study on antimicrobial
therapy of typhoid carriers revealed that the
purified Vi antibody reverted to negative with
bacteriological cure more frequently than did
the crude Vi antibody during a 1-year period of
observation. This latter finding strengthens the
argument that the purified Vi antibody test is
more specific for the condition of current ty-
phoid carriage; it also implies that this test may
have a role in the evaluation of therapy for
typhoid carriers.

Results of the prospective study comparing

stool excretion of S. typhi and Vi serology sug-
gest that the latter may supplement and thereby
reduce the need for frequent stool cultures in
the surveillance oftyphoid carriers. The purified
Vi antibody test should be particularly valuable
in current typhoid carriers who have a Vi titer
of 1:40 or greater as 75% of such patients in the
present study were continuously seropositive
during a 2-year period of observation. In carriers
such as these, it should be possible to reduce the
frequency of stool cultures and to perform Vi
serology at intervening intervals. Reversion from
Vi seropositivity to Vi seronegativity on two
successive specimens should prompt an evalua-
tion for a spontaneous cessation of typhoid car-
riage, a phenomenon that is well described (6).

Vi serology could also be applied to the detec-
tion of an asymptomatic typhoid carrier during
the evaluation of a sporadic case of typhoid
fever. In Arkansas, over 75% of cases of typhoid
fever are associated with an undiagnosed enteric
carrier (unpublished observations). Such an
evaluation may involve culturing the stool spec-
imens of as many as 10 individuals who are
intimate contacts of the patient with typhoid
fever. A simple screening procedure that is suf-
ficiently sensitive and specific could be very
useful in such evaluations, which consume a
great deal of time and effort on the part of public
health agencies. The main limitation of the
crude Vi test in this circumstance is its lack of
specificity; up to 50% of certain control popula-
tions were found to be Vi positive by this method
(3, 4, 9). Our results on a small group of matched
control subjects suggest that in this geographic
region, the purified Vi antibody test is more
specific for the condition of current typhoid car-
riage than is the crude Vi antibody test. Conse-
quently, the former is currently being investi-
gated prospectively in the screening for new
typhoid carriers.
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