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Detection of Antibodies against Salmonella 
typhiOuter Membrane Protein (OMP) 
Preparation in Typhoid Fever Patients 

A. Verdugo-Rodriguez1, Lay-Harn Gam, S Oevl2, CL Koh3, so Puthucheary2, 

E Calva 1 and T Pang 

The serological diagnosis of 
typhoid fever still relies largely upon 
the Widal test, which detects the 
presence of antibodies to the 0 (lipo
polysaccharide) and H (flagellin) 
antigens derived from Salmonella 
typhi. This test, however, is diffi
cult to interpret in endemic areas, 
due to the high background titers 
among the population. 1,2 As a result, 
newer methods have been developed 
which are based on detection of anti
bodies to the protein antigens of 
S. typhi. 3 For example, it has been 
suggested that outer membrane pro
teins (OMPs), which are abundant 
and exposed on the surface of the 
cell, might be of diagnostic value. 
OMPs have been shown to induce 
protective immunity to S. typhi and 
S. typhimurium in experimental 
models, 4-6 and there appears to be 
a significant increase in antibody 
titers to OMPs in acute-phase and 
convalescent-phase sera as compared 
with normal sera, and these antibody 
levels appear to be higher than anti
body titers to 0 and H antigens. 7 
An indirect ELISA has been pre
viously developed for detection of 
serum antibodies against OMPs, 
with results that allowed discri
mination between groups of TF

SUMMARY An Indirect ELISA was used to detect antibodies against outer 
membrane protein preparations (OMPs) from Salmonella typhi. Sera from patients 
with a definitive diagnosis of typhoid fever (TF) gave a mean absorbance reading, 
at 414 nm, of 1.52 % 0.23 as compared to 0.30 %0.11 for sera from healthy Individuals. 
This gave a positive to negative ratio of absorbance readings of approximately 5.1. 
Suspected TF patients (no Isolation of S. typh/), with positive and negative Wldal 
tHers had mean absorbance readings of 1.282 %0.46 and 0.25 %0.19, respectively. 
Sera from patients with leptospirosis, rickettsial typhus, dengue fever, and other 
Infections gave mean absorbances of 0.20 % 0.08, 0.24 % 0.08, 0.27 % 0.08, and 0.31 % 
0.16, respectively. The sensitivity, specificity, positive and negative predictive 
values were 100%, 94%, 80% and 100%, respectively. The antibody response 
detected In the definitive TF cases was predominantly IgG In nature and no cross
reactivity was seen with OMP preparations extracted from E. coli. Variable reactivity 
was noted with OMP preperatlons obtained from other Salmonella spp. Three major 
OMPs are presented In the antigen preparation and strong binding of positive sera 
was detected to all three bands. 

positive and TF-negative SUbjects. 8,9 

Further evaluation of this test, espe
cially in endemic areas, is both ne
cessary and desirable in the quest 
for better serological tools in the 
diagnosis of TF. We report here 
the results of a study to evaluate 
the indirect ELISA in the detection 
of antibodies against S. typhi OMP 
in TF patients from two en~mic 
areas, Mexico and Malaysia. 

MATERIALS AND METHODS 

Strains 

In addition to E. coli HBIOI, 11 

two strains of S. tyhi (S. typhi 100, 
a Malaysian isolate, and S. typhi 
IMSS-I, a Mexican reference strain,4,1O. 
S. paratyphi A, S. paratyphi B, S. 
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typhimurium, S. anatum, S. aber
deen, and S. worthington were used 
in the study. 

Sera 

Several groups of human sera 
were used in the study. Group 1 
consisted of 41 sera collected from 
patients with a definitive diagnosis 
of typhoid fever (TF) as indicated 
by positive Widal test titers and 
isolation of S. typhi from the blood 
and/or stool. Sera were collected at 
various times ranging from 1 week 
to 1 month after onset of disease. 
This group consisted of 38 Malaysian 
samples, and three control serum 
samples from hemoculture-con
fIrmed Mexican TF patients. Group 2 
consisted of eleven sera from sus
pected cases of TF with positive 
Widal titers, but negative blood 
cultures. Group 3 comprised of 
48 sera from suspected TF cases, 
but with negative Widal titers, and 
negative blood cultures. The method 
of doing the Widal test, as well as 
the titers considered to be signifi
cant, have been reported previously. 2 
Group 4 consisted of 28 serum sam
ples from healthy blood donors. 
Group 5 is made up of sera collected 
from patients with other febrile 
illnesses common in the region, in
cluding dengue fever (9 samples), 
leptospirosis (17 samples) and rickett
sial typhus (19 samples). Diagnosis 
of these illnesses were made on the 
basis of standard serological tests 
or isolation of the causative organism. 
Group 6 consisted of 30 Mexican 
patients with other infections, where 
the organism was identified by isola
tion, including bacteremia by : S. 
enteritidis, S. paratyphi B, Salmo
nella spp., Proteus spp., Shigella 
f/exnerii, E. coli, Pseudomonas 
aeruginosa, Staphylococcus epider
midis, Staphylococcus coagulase 
positive, Staphylococcus coagulase 
negative, Enterococcus group D, 
Streptococcus group B, Acinetobacter 
calcoaceticus; septicemia by Candida 
albicans; and six serum samples 

from patients involved in a diarrhoeal 
outbreak by Salmonella group B. 

Preparation of OMPs 

Seven hour cultures of bacterial 
cells in nutrient broth were centri
fuged at 1,400xg at 4°C for 10 
minutes. The bacterial cell pellet 
was then resuspended in phosphate
buffered saline (PBS, pH 7.4), and 
sonicated at a setting of 20kHz or 
20,000 cycles/sec (Vi bra Cell soni
cator, Sonic & Material Co., Danbury, 
Connecticut, USA). Sonicated cells 
were centrifuged at 1,400 x gat 4°C 
for 10 minutes, and the obtained 
supernatant was centrifuged at 100,000 
xg at 4°C for 30 minutes and the 
pellet resuspended in 20 ml of PBS, 
pH 7.4 containing 2070 Triton X-l00 
and incubated at 37°C for 20 minutes. 
The centrifugation step was repeated 
and the pellet resuspended in 1 ml 
of PBS, pH 7.4, and stored at -20°C 
until use. Protein concentration of 
the OMP preparation was determined 
by the Bradford method, 12and lipo
polysaccharide (LPS) content by 
2-keto-3-deoxyoctonate (KDO) deter
mination. 13 

ELISA for the detection of antibodies 
specific to S. typhi OMPs 

Microtiter plates (96-well, flat
bottom, Nunc Plate, Intermed, Den
mark) were coated overnight at room 
temperature with 100 IJ.I OMP pre
paration at a concentration of 2.5 
j.tg/ml protein. Plates were washed 
3 times on the next day, with PBS 
containing 0.1070 Tween-20 (PBS
Tween). Blocking was then carried 
out by the addition of 150 J.lI PBS, 
pH 7.4, containing 2070 BSA, 0.1070 
Tween-20, and incubating for one 
hour at room temperature followed 
by three washes with PBS-Tween. 
Primary antibody (human sera) was 
then added (100 iJ.lIwell of a 1 in 
3;125 dilution) and the plates were 
incubated for 1 hour at 37°C. After 
4 washes with PBS-Tween, 100 III 
of anti-whole human serum-horsera
dish peroxidase-conjugate (KPL 
Co., Gaithersburg, MD, USA) diluted 

1 : 1000, was added to each well and 
the plates were incubated for one 
hour at 37°C. Plates were then 
washed 5 times with PBS-Tween 
before the addition of 100 J-li of the 
substrate (2,2' -azino-bis(3-ethylbenz
thiazoline-6-sulfonic acid, ABTS, 
Sigma Chemical Co., St Louis, MO, 
USA) at the concentration of 0.5 
mg/mt. The colour was allowed to 
develop for 45 minutes at room tem
perature and the absorbance at 414 
nm was measured by using a Titertek 
Multiskan MCC-340 ELISA reader 
(How Laboratories, Australia). Where 
indicated, horseradish peroxidase
conjugated rabbit anti-human IgG, 
IgM or IgA (Dakopatts AlS, Glo
strup, Denmark) were also used in
stead of enzyme-labeled anti-whole 
human serum in the ELISA. 

The cut-off absorbance value, 
between TF patients and controls, 
was the mid-point between the mean 
absorbance of the positive TF sera 
(Group 1) and the mean absorbance 
of the healthy blood donors (Group 
4). The gold standard was defined 
as febrile patients with a clinical 
setting corresponding to TF and 
both a positive blood and/or stool 
culture and Widal test (Group 1). 

Polyacrylamide gel electrophoresis 
(PAGE) and immunoblotting 

SDS-PAGE analysis of OMP 
was performed in 12070 polyacrylamide 
gels, containing 0.010J0 sodium do
decyl sulphate (SDS) and 8 M urea. 
OMP containing 10 J-lg of protein 
in PBS, pH 7.4, 1070 SDS and 1070 2
mercaptoethanol, was boiled for 5 
minutes prior to loading on the gel. 
Elecrophoresis was performed using 
an electrode buffer containing 0.025 M 
Tris (pH 8.3), 0.192M glycine, 0.1070 
SDS for 3 hours at 170-250 V. Gels 
were then stained with 0.1070 Coo
massie blue, followed by destaining 
with 40070 methanol and 7070 acetic 
acid. Molecular weight markers 
ranging from 29 to 205 kDa were used 
(Sigma Chemical Co., St Louis, 
MO, USA). Separated polypeptides 
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ELISA testing (Fig. 2 and Table 
1) of various sera with OMP pre
paration-coated plates showed signi
ficantly stronger binding of sera 
from confirmed cases of TF (group 
1) as compared to sera from healthy 
blood donors (Group 4), with mean 
absorbance (at 414 nm) of i.52 ± 0.23 
and 0.30 ± 0.11, respectively, and 
giving a positive:negative absorbance 
ratio of 5.1. No differences were 
observed in the binding of sera from 
Mexican or Malaysian patients. 
Suspected TF patients with positive 
(Group 2) and negative (Group 3) 
Widal titers, but negative blood 
cultures, had a mean absorbance of 
1.28±0.46 and 0.25±0.19, respec
tively. Sera from patients with other 
fevers common in the region (Group 
5), namely leptospirosis, ricketssial 
typhus, and dengue fever, showed 
no significant binding to OMP pre
parations. Sera from Mexican 
patients with other infections (Group 
6), had a mean absorbance of 0.31 ± 
0.16. 

The calculated senstttvity in 
the ELISA was 100010, the specificity 
94%, and the positive and negative 
predictive values were 80% and 100010, 
respectively. No significant dif
ferences were found in the ELISA, 
nor in the electrophoretic OMP pro
file, when OMP preparations were 
from either the Mexican reference 
strain or the Malaysian isolate of 
S. typhi. 

Testing of Group 1 sera with 
affinity purified, rabbit anti-human 
IgG, IgM, and IgA as secondary 
antibody showed that the proportion 
of the immunoglobulin isotypes in 
the response was approximately 
60%, 20%, and 12%, respectively 
(data not shown). 

Testing of 16 Group I sera, 
in ELISA, with OMP preparations 
from various bacteria, showed no 
cross-reactivity with an OMP pre
paration from E. coli, although 
variable reactivity with other Sal
monella spp. was observed (Table 2). 
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Fig. 2 	 ELISA absorbance readings corresponding to various groups of sera. 
Group 1 :TF, blood and/or stool culture and Widal positive; Group 2: 
suspected TF, blood culture negative, Widal positive; Group 3: suspected 
TF, blood culture and Widal negative; Group 4: healthy blood donors; 
Group 5: leptospirosis, rickettsial typhus, and dengue fever; Group 6: 
other infections (bacteremias by S. enteritidis, S paratyphi e, and 
Salmonella spp., are indicated by an arrow in descending order). 

The inhibition - ELISA was 
designed to assess the participation 
of LPS in the antibody response 
detected. A greater than 50% inhi
bition of the human antibody res
ponse, to solid phase-bound OMP 
preparation, was observed with 9 
J,tg/ml at most of soluble OMP pre
parations; in contrast, soluble LPS 

did not inhibit 50% even with 25 
J.lg/ml (Fig. 3), 

Immunoblotting results with 
the S. typhi OMP preparation showed 
that strong antibody binding was 
detected to all three major OMP 
bands. Also, we detected a signifi
cant reaction against a 53 kDa poly
peptide (Fig. 4), 

http:0.25�0.19
http:1.28�0.46
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Table 1 ELISA testing of various sera with OMP-coated plates. 

Group Source of sera Absorbance at 414 nm 
(Mean ± S.D) 

2 

3 

4 
5 

6 

Typhoid fever (fF) 
(.xmfirmed) 
Suspected TF 
(positive Widal) 
Suspected TF 
(negative Widal) 
Healthy donors 
Other fevers: 

Leptospirosis 
Typhus 
Dengue 

Other infections 

1.52 ± 

1.28 ± 

0.25 ± 

0.28 ± 

0.20 ± 
0.24 ± 
0.27 ± 
0.31 ± 

0.23 

0.46 

0.19 

0.10 

0.08 
0.08 
0.08 
0.16 

Table 2 Reactivity of sera from definitive TF cases with OMPs from different sources. 

OMPs source Positive/T ested· Percentage 

S. typhi 16/16 100 
E. coli 0116 0 
S. paratyphi A 2i16 12.5 
S. paratyphi B 8/16 50 
S. typhimurium 9/16 56 
S. ana tum 4/16 25 
S. aberdeen 0/16 0 
S. worthingtonl 0/16 0 

·14 Malaysian and 2 Mexican sera from Group 1 were tested. Control sera (Group 4) gave a baseline 

response. 

80 


70 
 0 OMPs 

~ LPS 

c 


60 
0 

50 
.c 
.c 
c 

~ 0 

40 

30 

20 

10 

0.19 	 0.39 0.78 1.56 3.12 6.25 12.5 25 

Free antigen (fJg/ml) 

Fig. 3 	 Inhibition·EUSA. Inhibition of antibody binding from typhoid fever (fF) 
patient sera to solid phase-bound S. typhi OMP preparations, by 
increasing concentrations (0.19-251lg/ml) of free antigen. TF patient sera 
were diluted either 1 :625 or 1 :125, when used together with an OMP 
preparation or LPS as free antigen, respectively. 
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sera from Mexican or Malaysian 
patients with the OMP preparations. 

The immunoblotting results 
with TF patient sera showed a signi
ficant reaction against OmpC, OmpF, 
and to a lesser extent against a 53 
kDa band, and OmpA. Reaction to 
OmpC and OmpF is in agreement 
with that detected by Ortiz et al. 17 

A 53 kDa band has been observed 
previously to be overexpressed under 
iron starvation,9 and might corres
pond to a 50-52 kDa protein(s) re
ported recently. 18,19 

The present study also em
phasizes the recent interest in the 
OMPs as important antigens in TF. 14 

In relation to the wider use of OMPs 
in diagnostics there is a need for 
standardized methodology and more 
extensive field testing of OMP pre
parations as diagnostic antigens. 
It has been noted, for example, that 
various OMPs of different molecular 
weights are being detected in different 
parts of the world, 14 and that tech
nical differences in OMP preparation 
(e.g. heat treatment, contamination 
with flagellin, etc) could account for 
such differences. It is not clear at 
present whether these various OMPs 
are similar or even identical; although 
the same results were obtained herein 
with OMP preparation from either 
Mexican or Malaysian strain of S. 
typhi. It should be' noted that the 
OMP preparations used in the pre
sent study contains approximately 
30070 (w/w) LPS. In related to this, 
it has been proposed that OMP
LPS cQmplexes are involved in bind
ing to antibodies from typhoid sera. 6,8 

Other reserach groups have pre
viously shown that OMPs of 50 
kDa or 52 kDa are potentially useful 
as diagnostic antigens. 18,19 

The fact that TF patient sera 
showed strong reactivity to OmpC 
also suppprts the suggestion of Mora 
et ai, 20 that this porin is expressed 
at significant levels in the human 
body during infection, and that it is 
exposed on the surface of the cell. 21 

Further evaluation and field testing 

of OMP-based assays, including 
exchange of reagents, sera, and test 
antigens between laboratories may 
eventually allow its more widespread 
use in areas endemic for typhoid fever. 
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