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Background/Aims: Current diagnostic methods for typhoid fever have low sensitivity and specificity.
This study aimed to develop an enzyme linked immunosorbent assay (ELISA) with greater sensitivity and
specificity.

Methods: The ELISA was developed and evaluated on patients with acute typhoid infection, febrile
controls, and healthy controls. A sequential study on patients with culture confirmed typhoid was also
carried out to determine the time period of maximum sensitivity.

Results: The ELISA detected anti-Salmonella typhi lipopolysaccharide (LPS) salivary IgA antibodies. A
six month follow up study of patients with culture confirmed typhoid fever showed that the test shows
maximum efficiency during the second and third weeks of fever and enables detection of the acute
infection during the early phase.

Conclusions: This ELISA can detect typhoid fever during the early phase of infection and is most effi-
cient during the second and third weeks of fever, the time at which patients normally present for treat-
ment. Because the sensitivity of the assay is subsequently greatly reduced, it will be useful for the

diagnosis of acute infection.

problem throughout the developing countries of South

East Asia, the Indian subcontinent, parts of the central
and south Americas, and in much of sub-Saharan Africa.
Typhoid is diagnosed using a combination of the clinical
picture, the isolation of Salmonella typhi from body fluids, and
the Widal test.

The variation in the classic picture seen during the past
three decades has necessitated laboratory confirmation to
diagnose typhoid. Although definitive diagnosis of typhoid
fever can be made by the isolation of S typhi from biological
fluids, the percentage of positivity gradually decreases after
the first week of fever.'* In addition, it requires at least 48
hours for confirmed bacteriological results, and tests may
show up falsely negative because of previous antibiotic
treatment.’ *

The most widely used serological assay, the Widal test, poses
some disadvantages in endemic areas.” Previous exposure to
Styphi or antigenically related Gram negative bacilli and
vaccination against typhoid can result in raised titres in the
absence of a current infection.’” In contrast, a poor antibody
response to either the “O” or “H” antigen (or both) can occur
in some patients.’ * Hence, the Widal test often leads to confu-
sion and, on occasions, to misdiagnosis of other febrile
illnesses as typhoid fever.” A successful technique should be
simple, rapid, and sufficiently sensitive to detect most patients
with typhoid, but should be specific enough to avoid misdiag-
nosis of other febrile illnesses.

The usefulness of the enzyme linked immunosorbent assay
(ELISA) in the diagnosis of typhoid fever has been determined
by various investigators using serum'*"” and urine.”"”
Although they found that ELISA using these biological fluids
has superior sensitivity and specificity to the Widal test, the
invasiveness and the difficulty of obtaining and maintaining
samples until tested have reduced the usefulness of the test.
Therefore, an ELISA to detect anti-S typhi lipopolysaccharide
(LPS) IgA antibodies in a single salivary sample of patients
with typhoid was developed.

Typhoid fever is endemic and continues to be a health
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“The Widal test often leads to confusion and, on
occasions, to misdiagnosis of other febrile illnesses as

typhoid fever”

Saliva is easy and inexpensive to obtain and contains large
amounts of IgA, so that it can play an important role in diag-
nosis. Several investigators have tried to ascertain the useful-
ness of measuring IgA during the course of typhoid infection.
Salivary IgA antibodies are increased in the acute stage of ill-
ness and the detection of IgA in serum and intestinal fluids
has been attempted previously." '* Because saliva contains
high concentrations of IgA antibodies (19 mg/ml) even during
the resting period,” the detection of salivary IgA antibodies
during the acute phase of typhoid would be useful in early
diagnosis. Absence of Rh factor in salivary secretions
enhances the specificity of the assay, because the Rh factor
present in serum seems to affect the ELISA by non-specifically
binding to the antigen used to coat the solid phase. Therefore,
the objective of this study was to evaluate the usefulness of
ELISA in the rapid and early diagnosis of typhoid fever in
endemic areas. This was achieved by developing an ELISA to
detect anti-S typhi LPS IgA antibodies in a single salivary sam-
ple of patients with culture confirmed typhoid and carrying
out a sequential study to determine the antibody profiles dur-
ing the acute and the convalescent periods.

METHODS AND MATERIALS

Blood and salivary samples were collected from adult patients
admitted to the Kandy General Hospital, Sri Lanka (1995—
1997) in whom typhoid fever was included in the initial
differential diagnosis. Blood cultures, the Widal test (on
serum), and IgA ELISA (on saliva) were performed. This study
was done in two stages.

Abbreviations: CSV, corrected sample value; ELISA, enzyme linked
immunosorbent assay; LPS, lipopolysaccharide; PBS, phosphate buffered
saline; UTI, urinary tract infection


http://jcp.bmj.com/
http://group.bmj.com/

Downloaded from jcp.bmj.com on February 10, 2012 - Published by group.bmj.com

Salivary IgA in diagnosis of typhoid fever

2.5
2 .
*
*
!
£
c
7o)
.
Q5
5 *
g *
5 $
> *
(0]
£ $
c
O
£ 1
2
Q0
B }
L d
$ s
. *
0.5 .
*
3
0 \ |
TP FC HC

Figure 1 Immunoglobulin anti-Salmonella typhi IgA enzyme linked
immunosorbent assay: absorbance values for salivary samples from
patients with typhoid fever (TP), febrile non-typhoidal (FC), and
healthy controls (HC). The horizontal line represents the cut off point
at 0.958.

Stage 1: evaluation of ELISA with patients having an
acute typhoid infection

Group 1: 29 patients who had haemocultures positive for
S typhi.

Group 2: 51 patients who had haemocultures negative for
S typhi (positive or negative by the Widal test) but with a
febrile illness that had a confirmed alternative diagnosis.

Group 3: 125 healthy individuals who were blood donors and
volunteers.

Stage 2: sequential study to determine anti-S typhi IgA
antibody profiles

Twenty patients with culture confirmed typhoid fever whose
salivary samples were collected serially for a period of six
months during the acute and the convalescent phases were
investigated. The first salivary sample was collected from all
patients at presentation (week 1, number of patients
presented (n) = 8; week 2, n = 9; week 3, n = 2; and week 5,
n = 1). Subsequent samples were collected at weekly intervals
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for the first seven weeks and monthly during the remaining
four months.

Blood was processed on receipt. Salivary samples were
clarified by centrifugation at 13 000 xg for 10 minutes at 4°C.
All serum and salivary samples were stored at =70° C until
required for ELISA.

ELISA
Antigen (S typhi LPS; Sigma Chemical Company, St Louis,
USA) was used at 200 pg/ml in 0.05M carbonate buffer
(pH 9.6) to coat the wells of polystyrene microtitre plates by
overnight incubation. The plates were incubated for two hours
with the test sample, saliva (neat). Plates, washed manually
with phosphate buffered saline (PBS)/Tween 20, were filled
with class specific alkaline phosphatase (Kirkegard and Perry
Laboratories, Maryland, USA) diluted 1/5000 in PBS/Tween 20
containing 1% bovine serum albumin. They were incubated for
two hours and washed with PBS/Tween solution and
p-nitrophenyl phosphatase (Sigma Chemical Company),
1 mg/ml in 0.05M carbonate buffer (pH 9.8) containing
0.001M MgCl,. The reaction was stopped after 30 minutes
with 3N NaOH. Absorbance at 405 nm was read against a
blank (antigen in buffer) on an EL 307 C spectrophotometer.
The assay was performed in duplicate at 37°C. The reference
positive and negative samples were included in each plate
tested and the corrected sample value (CSV) was calculated
using the formula:

(CSV = measured absorbance of sample x given absorbance
of positive control)/measured absorbance of positive control

The cut off value was determined by calculating the
midpoint between the mean absorbance of the typhoid
positive saliva and the mean absorbance of healthy controls."
The indices of sensitivity, specificity, efficiency, and the predic-
tive value of the positive and negative tests were calculated
according to Galen."”

RESULTS AND DISCUSSION

The various indices of the test were calculated using the
results of haemoculture as the gold standard. The positive cut
off titre for IgA antibodies was 0.958. The ELISA results
showed a clear distinction between positives (group 1) and
negatives (groups 2 and 3), which is a requisite for a diagnos-
tic test (fig 1).

Twenty four of the 29 culture confirmed cases (83%) were
IgA ELISA positive and gave a very high mean (SD)
absorbance value of 1.414 (0.575), which was 3.3 (mean
absorbance, 0.432; SD, 0.328) and 5.2 (mean absorbance,
0.273; SD, 0.149) times greater than the mean values seen for
the febrile and healthy controls, respectively. Only one (0.8%)
healthy control and four (7.8%) febrile patients with an alter-
native diagnosis were positive in the IgA ELISA.

Febrile patients (n = 51) included in the initial differential
diagnosis and finally having a confirmed alternative diagnosis
other than typhoid fever had urinary tract infections (UTI;
n = 17), malaria (n = 15), viral hepatitis (n = 5), viral fever

Table 1
diagnosis other than typhoid (group 2)

Comparison between anti-O and anti-H agglutinins with anti-LPS IgA antibodies in patients having a definitive

O antibody titres

H antibody titres

Disease 1/120 1/240 1/480 1/960 1/120 1/240 1/480 1/960 Mean IgA (SD)
uTl 6 4 - 3 2 2 - - 0.468 (0.4)
Malaria 8 7 3 - 1 - - - 0.429 (0.33¢)
Viral hepatitis - 2 3 - - - - - 0.428 (0.448)
Viral fever - 4 4 - - - - - 0.412 (0.36)
Pulmonary TB - 4 - - - - - - 0.404 (0.182)
Pneumonia - 1 - - - - - - 0.161 (0.161)

LPS, lipopolysaccharide; TB, tuberculosis; UTI, urinary tract infection.
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Table 2 Diagnostic accuracy of enzyme linked
immunosorbent assay

Parameter Accuracy
Sensitivity 83%
Specificity 97%
Efficiency 95%
Predictive value of the positive test 83%
Predictive value of the negative test 97%

(n =9), pulmonary tuberculosis (n =4), and pneumonia
(n=1). Table 1 compares anti-Styphi LPS salivary IgA
antibodies and anti-typhoid O and H agglutinins of these
non-typhoidal febrile patients.

Salivary IgA antibodies, as measured by ELISA, and the O
and H agglutinins, as measured by the Widal test, were
relatively high in UTI when compared with the other diseases.
Although four of the 51 patients with non-typhoidal febrile
illnesses showed false positive antibody titres by ELISA, the
mean (SD) absorbance of the febrile controls was below the
cut off value (0.432 (0.328)). The mean (SD) salivary IgA
ELISA titre of the 125 healthy volunteers (HC) was 0.273
(0.149). However, a single sample showed an unusual, highly
raised reading at the first instance (1.345) and gave a mean
(SD) absorbance of 1.223 (0.124) during the four months of
follow up. It was 4.5 times greater than that of healthy
controls and this abnormal result is discussed later.

Table 2 shows the diagnostic accuracy of the ELISA.

In the Widal test, agglutinins against the O and H antigens
of Styphi were maximally efficient at an O titre of 1/480
(68.9%) and an H titre of 1/120 (65.5%), respectively (table 3).
The sensitivity of the Widal test was lower than that of the
ELISA. When the specificity of the ELISA was re-calculated
using only the febrile controls who caused diagnostic
problems, it decreased to 92%, but was still higher than that of
the Widal test.

Herath

Figure 2 shows the results of the follow up study of 20
patients with culture confirmed typhoid fever, presenting
during the first (n = 8), second (n = 9), third (n = 2), and
fifth (n = 1) weeks of fever. The salivary IgA ELISA antibody
titres of 17 of 20 patients with culture confirmed typhoid fever
were positive, whereas the remaining three were negative
throughout the study period.

Of the 20 patients, 17 presented for treatment during the
first two weeks of illness, whereas the remaining three cases
presented during the third and fifth weeks. One of the eight
patients who presented during the first week of illness was
positive for IgA ELISA (table 4). Of the samples collected in
week 2, including five samples from the patients with negative
results in the first week, 11 of 15 were positive. Of the nine
patients who presented for the first time during the second
week, five had positive IgA titres at the time of presentation.
Seventy per cent of samples were positive during the third
week, including two cases presenting for the first time. How-
ever, three samples remained negative throughout the study.
During the fourth, fifth, and seventh weeks, only 33% became
positive, but this dropped to 8% during the 17th week. The
sensitivity of samples at each week was calculated to evaluate
the usefulness of the ELISA test at different times of the
illness during the six months studied.

According to this study, salivary IgA antibodies reached
their maximum, with mean values of 1.177 and 1.205, during
the second and third weeks of the illness, respectively (fig 3).
These high values subsequently decreased drastically. When
all the 20 cases were considered collectively, 17 were positive
during the second and third weeks of illness, but the IgA
values of all the patients became negative during the course of
weeks 3 to 13, except for three cases, which became negative
only by week 21.

It is noteworthy that our data show a clear distinction
between positives and negatives, and only one of 125 healthy
subjects and four of 51 febrile controls became positive by the
test, whereas 24 of 29 culture confirmed cases became
positive. The sensitivity, specificity, and efficiency of the test
were 83%, 97%, and 95%, respectively. A test is generally

Table 3 Comparison of sensitivity and specificity of IgA enzyme linked
immunosorbent assay (ELISA) and O and H agglutinins of the Widal test for culture
confirmed typhoid (n=29) and febrile (n=51) cases

O agglutinin H agglutinin
Diagnostic accuracy IgA ELISA 1/240 1/480 1/120 1/240
Sensitivity 83% 89.7% 69% 65.5% 51.7%
Specificity 92.2% 31.4% 74.5% 90.0% 96%

Absorbance value at 405 nm

Figure 2 IgA antibody responses of
20 patients with culture confirmed
typhoid fever: acute and convalescent
phases. A different symbol is used for
each patient.

Week 5
Week 6
Week 8
Week 9
Week 11

Duration of illness
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Table 4 The sensitivity of IgA enzyme linked
immunosorbent assay for specimens collected during
successive weeks after the onset of fever
Positive cases at first
Duration of resentation as detected Sensitivity for all the
illness Ey salivary IgA tests performed
Week 1 1/8 12.5%
Week 2 5/9 73.3%
Week 3 2/2 70.0%
Week 4 0 33.3%
Week 5 0/1 I8.5%
Week 7 0 33.3%
Week 17 0 7.7%
Week 21 0 0%
Week 25 0 0%
1.4 —
, 1,205 (0.411)
1.2 —
£
c 1 177 (o 415)
S 40917 (0.458)
= 0.813 (0.490)
5 0.8 —
° 0.9110. 479) *
§ ogle 0.723(0.564]
8 0.601(0.292) 0.275 (0.140)
5 04 0313(0215)/
.
3L 0.309 (0.214) 0336(0156)
0 | | | | | | | | | | | | J

0O 2 4 6 8 10 12 14 16 18 20 22 24 26
Duration of illness (weeks)

Figure 3 Mean absorbance values (SD) of anti-Salmonella typhi
lipopolysaccharide IgA antibodies in the saliva of patients with
typhoid fever: acute and convalescent phase. The line represents the
linear regression.

considered useful in clinical decision making only if it gives a
predictive value of at least 80%. In our study the predictive
values of the positive and negative tests were 83% and 97%,
respectively.

In patients with febrile illnesses, O agglutinins were present
at titres of 1/120 and 1/240 in two and four of the 17 patients
with UTI, three and seven of the 15 patients with malaria, and
none and four of the nine patients with viral fever, respectively
(table 1). Three of 17 patients with UTI showed very high titres
of O (1/960). The raised titres seen in patients with
non-typhoidal illnesses can be explained by cross reactions
occurring between LPS and other Gram negative bacilli and
the high prevalence of O agglutinins seen in endemic
countries, where the population is frequently exposed to
typhoid fever. The H agglutinins, which are long lasting, were
also present in patients at different values. H agglutinin titres
of 1/120 and 1/240 were seen in two of the 17 patients with
UTI and a titre of 1/120 was seen in one of the 15 patients with
malaria.

When the sensitivity and specificity of the salivary IgA
ELISA and the Widal test were compared considering only the
culture positives and febrile cases, the specificity of the ELISA
decreased to 92%, but it was still higher than that of the Widal
test (table 3), which had a specificity of 75% and 90% for the
O and H agglutinins at titres of 1/480 and 1/120, respectively.
The sensitivity of the salivary IgA ELISA (83%) was higher
than that of the O and H agglutinins of the Widal test, which
were only 69% and 66% at titres of 1/480 and 1/120,
respectively. The comparison revealed that the salivary IgA
ELISA was superior to the Widal test. Nardiello ef a/ reported
that the Widal test correlated to a lesser extent with serum IgA
(r = 0.385; p < 0.05) than with IgM antibodies (r = 0.784;
p < 0.001)." Our study found no correlation between salivary
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IgA titres and serum O agglutinins in patients with acute
typhoid fever (r = =0.016; p > 0.05).

The single falsely positive sample among the healthy
controls, which showed high titres of salivary IgA against
S typhi LPS on five consecutive occasions for a period of 120
days had a mean (SD) absorbance of 1.223 (0.124). The mean
was 4.5 times greater than that of healthy controls, whereas
the chance of occurrence was about 1% (1 of 125). The
repeated stool cultures excluded the possibility of this patient
being a carrier of S typhi.

“The sensitivity of the salivary IgA enzyme linked
immunosorbent assay was higher than that of the O and
H agglutinins of the Widal test”

Patients develop various types of immune responses to
S typhi of differing magnitudes and durations. The ability of a
test to detect the specific antigen/antibody in body fluids dur-
ing the acute stage of the illness is very important in the rapid
and early diagnosis of an infection. The time taken by specific
antibodies to increase up to detectable values during an infec-
tion and to decline thereafter is of crucial importance.

According to Schroeder,® antibodies to the O and H antigens
are often not detected by the Widal test in untreated patients
until the second week of illness, with increased titres by the
third week. However, Senewirathne and Senewirathne®' dem-
onstrated that in Sri Lanka the agglutinins could appear ear-
lier in the disease and are raised to diagnostic values even
during the first week of illness. These authors explained the
difference as resulting from a hyper-immune state in a popu-
lation frequently exposed to typhoid fever.

Investigators have used the ELISA technique to determine
antibody responses in the serum of patients with typhoid dur-
ing both the acute and convalescent phases. Beasley et al
defined the first 10 days of illness as acute and the subsequent
11-14 days as convalescent stages, in which IgG antibodies are
encountered more frequently in higher titres than IgM
antibodies." Ismail et al contradicted this by reporting a rise in
IgM antibody titres during the acute stage of the illness.”” Both
IgM and IgG antibodies were seen during the mid stage, but
I1gG dominated during the convalescent stage. Verdugo-
Rodriguez et al showed that IgG dominated (60%) in culture
confirmed typhoid with a history of one week to one month of
fever, whereas IgM (20%) and IgA remained low (12%)."
These findings were in accordance with the study of
Kollaritsch et al,” which was carried out using the LPS antigen
to detect antibody. In addition, these findings were compar-
able to the study of Nardiello ef al,'"" which reported the high-
est titres of IgM and IgA antibodies by two to three weeks. IgA
and IgM antibodies declined to their normal values 45 to 90
days after the acute phase. Our study showed that the dynam-
ics of salivary IgA antibodies during the acute and convales-
cent phases was comparable to that of serum immunoglobu-
lins as determined by Nardiello ef al."

Our current study, which was carried out for a period of six
months, determined IgA antibody responses throughout the
acute and convalescent phases (fig 2). Six of the eight patients
presenting within the first week of illness had O agglutinin
titres of = 1/480 and four had H titres of = 1/120. These
findings support the hypothesis of Senewirathne and
Senewirathne,” who postulated that an early antibody
response occurs in a large proportion of patients in an endemic
situation. Only one of the eight patients had a positive salivary
IgA result (table 4). Under normal circumstances, patients
with typhoid fever are investigated in the second week of
illness. However, in a situation where patients with fever are
investigated early as part of an outbreak investigation, salivary
IgA ELISA may be less sensitive than the Widal test.

Eleven of the 15 samples collected in week 2 were positive
by ELISA. Five of the nine patients who presented for the first
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Take home messages

® We have developed an enzyme linked immunosorbent
assay that measures salivary anti-salmonella lipopolysac-
charide IgA, which is highly sensitive, specific, and efficient

e The fest is most efficient during the second and third weeks
of fever, the time at which patients normally present for
treatment

e There is a subsequent drastic reduction of the sensitivity in
the assay, making it very useful for the diagnosis of acute
infection

e This fest needs to be validated in several different centres on
a larger number of subjects before it can be used routinely

time during the second week had positive IgA ELISA titres at
the time of presentation, whereas seven showed O and H
agglutinins above 1/480 and 1/120, respectively. Seventy per
cent of samples were positive during the third week, including
the two cases that were presenting for the first time and which
had O and H agglutinins = 1/480 (one of two) and = 1/120
(two of two), respectively. During the fourth, fifth, and
seventh weeks, only 33% became positive, whereas this
dropped to about 8% during the 17th week. Accordingly, sali-
vary IgA antibodies reached their maximum, with mean
values of 1.177 and 1.205, during the second and third weeks
of illness, respectively (fig 3). These high values decreased
drastically thereafter, meeting the requirement of an early and
rapid diagnostic test.

When all the cases were considered collectively, 17 were
above the cut off value 0.958 during the second and third
weeks of illness and all became negative during the course of
weeks 3 to 13 except for three cases, which became negative by
week 21. Thus, the current study suggests that the second and
third weeks of fever constitute the best time period to
diagnose typhoid infection using this newly developed assay.

In conclusion, indirect ELISA developed for use with saliva
(which can be obtained by non-invasive methods and is easy
to use) is highly sensitive, specific, and efficient. The sequen-
tial study revealed that the test is most efficient during the
second and third weeks of fever, the time at which patients
normally present for treatment. The usefulness of the test is
further enhanced by the subsequent drastic reduction of the
sensitivity of the assay, enabling the diagnosis of the acute
infection. This was a preliminary study, and this test needs to
be validated in several different centres on a larger number of
subjects before it can be used routinely in hospital laboratories
worldwide.

ACKNOWLEDGEMENTS

Funding by the World Health Organisation and the University of Per-
adeniya, Sri Lanka for this project is gratefully acknowledged. My
thanks are due to Dr V Thevanesam and Dr P Amerasinghe for their

www.clinpath.com

Herath

advice, to Mr A Ekanayake, Mrs T Gamage, and Mr N Karunaratne for
their technical assistance (University of Peradeniya), and to physi-
cians in the General Hospital, Kandy for permitting me to study their
patients. I deeply appreciate the guidance and encouragement given
by Professor M Edirisinghe (Department of Materials, Queen Mary
University of London) in the preparation of the manuscript.

REFERENCES

1 Thomas CGA. Medical microbiology, 6th ed. London: English Language
Book Society, 1988.

2 Mims C, Playfair J, Roit |, et al. Medical microbiology, 2nd ed. London:
Mosby International Publishers, 1998.

3 Farooqui BJ, Khurshid M, Ashfaq MK, et al. Comparative yield of
Salmonella typhi from blood and bone marrow cultures in patients with
fever of unknown origin. J Clin Pathol 1991;44:258-9.

4 Gilman RH, Terminel M, Levin MM, et al. Relative efficacy of blood,
urine, rectal swab, bone marrow and rose spot cultures for recovery of
Salmonella typhi in typhoid fever. Lancet 1975;1:1211-13.

5 Olopoenia LA, King AL. Widal agglutination test— 100 years later: still
plagued by controversy. Postgrad Med J 2000;76:80-4.

6 Schroeder SA. Interprefation of serologic test for typhoid fever. J Am
Med Assoc 1968;206:839-40.

7 Thevanesam V. An evaluation of the SAT in the diagnosis of typhoid.
Ceylon Med J 1992;37:48-50.

8 Anonymous. Typhoid and its serology. BMJ 1978;1:389-90.

9 Mandell GL, Bennett JE, Dolin R. Mandell, Douglas and Bennett's
principles and practice of infectious diseases, 5th ed. Philadelphia:
Churchill Livingstone, 2000.

10 Beasley WJ, Joseph SW, Weiss E. Improved serodiagnosis of
Salmonella enteric fevers by an enzyme linked immunosorbent assay. J
Clin Microbiol 1981;13:106-14.

11 Nardiello S, Phizzella T, Russo M, et al. Serodiagnosis of typhoid fever
by enzyme linked immunosorbent assay; determination of anti Salmonella
typhi lipopolysaccharide antibodies. J Clin Microbiol 1984;20:718-22.

12 Appassakij S, Banchuin N, Sarasombath S, et al. Enzyme linked
immunosorbent assay for detection of Salmonella typhi protein antigen. J
Clin Microbiol 1987;25:273-7.

13 Mekara V, Maneekarn N, Vithayasai V, et al. Determination of
antibodies from typhoid patients against lipopolysaccharide and protein
antigens of S. typhi. Asian Pac J Allergy Immunol 1990;8:95-101.

14 Barrett TJ, Synder JD, Blake PA, et al. Enzyme linked immunosorbent
assay for detection of Salmonella typhi Vi antigen in urine from typhoid
patients. J Clin Microbiol 1982;15:235-7.

15 Banchuin N, Appassakij H, Sarasombath S, et al. Detection of S. typhi
protein antigen in serum and urine—a value for diagnosis typhoid fever
in an endemic area. Asian Pac J Allergy Immunol 1987;5:155-9.

16 Chau PY, Tsang RSW, Lam SK, et al. Antibody response to the
lipopolysaccharide and protein antigens of Salmonella typhi during
typhoid infection. 11. Measurement of intestinal antibodies to
radioimmunoassay. Clin Exp Immunol 1981;46:515-20.

17 Jenkins GN. The physiology and biochemistry of the mouth, 4th ed.
London: Blackwell Scientific Publications, 1978.

18 Verdugo-Rodriguez A, Gam LH, Devi S, et al. Detection of antibodies
against Salmonella typhi outer membrane protein (OMP) preparation in
typhoid fever patients. Asian Pac J Allergy Immunol 1993;11:45-52.

19 Galen RS. The predictive value of laboratory testing. Orthop Clin North
Am 1979;10:287-97.

20 Aquino RL, Lansang MAD, Quimpo VS, et al. Evaluation of single Widal
test in the diagnosis of enteric fever. Southeast Asian J Trop Med Public
Health 1991;22:375-9.

Senewirathne B, Senewirathne K. Reassessment of the Widal test in the

diagnosis of typhoid. Gastroenterology 1997,73:233-6.

22 Ismail A, Kader ZSA, Kok-Hai O. Dot enzyme immunosorbent assay for
the serodiagnosis of typhoid fever. Southeast Asian J Trop Med Public
Health 1991,22:563-6.

23 Kollaritsch S, Hirschl A, Stanek G, et al. Agglutination test versus ELISA
in the diagnosis of typhoid fever. Eur J Epidemiol 1988;4:127-8.

2


http://jcp.bmj.com/
http://group.bmj.com/

Downloaded from jcp.bmj.com on February 10, 2012 - Published by group.bmj.com

CP Early diagnosis of typhoid fever by the
J detection of salivary IgA

H M T U Herath

J Clin Pathol 2003 56: 694-698
doi: 10.1136/jcp.56.9.694

Updated information and services can be found at:
http://jicp.bmj.com/content/56/9/694.full.html

These include:

References This article cites 19 articles, 8 of which can be accessed free at:
http://jicp.bmj.com/content/56/9/694.full.html#ref-list-1

Article cited in:
http://jicp.bmj.com/content/56/9/694.full.html#related-urls

Email alerting  Receive free email alerts when new articles cite this article. Sign up in the
service box at the top right corner of the online article.

Topic  Articles on similar topics can be found in the following collections

Collections _ L _ : :
Tropical medicine (infectious diseases) (21 articles)

Immunology (including allergy) (1279 articles)

Notes

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions

To order reprints go to:
http://journals.bmj.com/cgi/reprintform

To subscribe to BMJ go to:
http://group.bmj.com/subscribe/


http://jcp.bmj.com/content/56/9/694.full.html
http://jcp.bmj.com/content/56/9/694.full.html#ref-list-1
http://jcp.bmj.com/content/56/9/694.full.html#related-urls
http://jcp.bmj.com/cgi/collection/tropical_medicine
http://jcp.bmj.com/cgi/collection/immunology_including_allergy
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://jcp.bmj.com/
http://group.bmj.com/

