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ABSTRACT

Introduction: The Salmonella typhi (S. typhi) haemolysin E protein
(HIYE) has been shown to be a sensitive and specific antigen for
the detection of typhoid fever through the detection of anti-HIyE
antibodies in sera. Saliva can also be a useful diagnostic fluid as
it also contains antibodies against bacterial pathogens.

Aim: This study aims to evaluate the potential detection of
salivary anti-HIyE antibodies as a diagnosis of typhoid fever.

Materials and Methods: Saliva was collected from acute
typhoid patients (n=16) who presented at Hospital Universiti
Sains Malaysia with prolonged fever of more than five days
and were positive for S. Typhi blood culture. Saliva was also
collected from convalescent typhoid patients (n=11), patients

Keywords: Saimonella, ELISA, Saliva

INTRODUCTION

Typhoid fever is caused by Gram-negative bacteria, Salmonella
enterica subspecies enterica serovar Typhi (S. typhi). Asia was
reported to have the highest estimated rate of typhoid fever
especially in south-central and southeastern Asia including India,
Pakistan, Bangladesh and Malaysia [1]. In 2010, the worldwide
burden of typhoid fever was estimated to be 26.9 million [2]. The
association between the introduction of disease and migration
has long been recognized [3]. With increasing travel and migration
patterns worldwide, typhoid outbreaks can possibly occur when
carriers or convalescent individuals that had recently arrived in
non-endemic areas engage in food preparation activities.

The blood culture method which has been in practice for nearly
a century is the ‘gold standard’ for diagnosis of typhoid fever
but no major improvement in its detection rate is reported. This
is probably due to the limitations of the test itself, such as false
negatives in cases with prior antibiotic treatment, delay in time
of sample collection i.e. not during the acute phase of infection,
lack of expertise and culture facilities in low-resource settings,
and the time required for confirmation of the bacteria [4]. Due to
the drawback of the culture method, many rapid diagnostic tests
such as Widal test, Typhidot™ and TUBEX™ were developed [4].
Although, these tests provided an alternative to the conventional
culture method, they each have their own limitations such as
inconsistent results in different geographical areas (Keddy et al.,
2011; Fadeel et al., 2011; Mehmood et al., 2015) or a high positive
rate due to shared antigenic determinants [5]. Hence, there is still
a need for new assays that can help clinicians make accurate and
timely diagnosis for typhoid fever.

Blood is the most frequently used bio-fluid in daily clinical and
laboratory diagnosis. However, this invasive technique requires
expert phlebotomist, correct blood collecting and handling
procedures, and it is often problematic especially when sampling
from young paediatric patients [6]. Studies show that saliva
contains a plethora of putative proteins related to an infection and
a major proportion of saliva consists of antibodies, i.e. secretory-
immunoglobulin A (s-IgA) (90-98%), IgG (1-10%) and small fractions
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with other febrile fevers (n=15), and from healthy individuals
(n=25). An ELISA was developed to detect the presence of IgA
antibodies against HIyE in the saliva of typhoid patients.

Results: The acute typhoid group had a higher mean absorb-
ance value of 1.496 compared to the convalescent typhoid
(0.538), other febrile fevers (0.678), and healthy individuals
(0.457) group.

Conclusion: This study demonstrated the utility of salivary anti-
HIyE IgA antibody as a biomarker for the diagnosis of typhoid
fever. Follow-up studies with a larger sample size will allow
the optimization of the sensitivity and specificity of the assay.
This non-invasive method can be useful for mass screening
programs.

of IgM, IgD and IgE [7]. Thus, saliva can be used as an alternative
to serum as a source of antigens for biomarker discovery, or
as a diagnostic bio-fluid (in antibody-based tests) for infections
including typhoid fever [8-14]. In addition, this non-invasive
technique is rapid, economical, painless and safe compared to
blood sampling, and thus has the potential to be used in point-
of care-diagnostics in laboratories with minimal infrastructure
[15], fulfiling WHO’s AAAQ criteria [16]: 1) Availability (a simple
and convenient method for mass screening, does not require
specialized personnel for collection, and can be used immediately
after collection without processing); 2) Accessibility (suitable for
high risk groups, i.e. children and the elderly, and during epidemic
outbreaks); 3) Acceptability (non-invasive, painless, and non-
hazardous); and 4) Quality (sensitive and specific).

Current studies to identify new biomarkers for typhoid fever
using various proteomic approaches, such as microarray,
immunoaffinity proteomics-based technology and mass
spectrometry have showed that HIyE is an important antigen in
typhoid fever [17-19]. A previous study by our group using the
recombinant haemolysin E (rHIyE) protein from S. typhi showed
the usefulness of this antigen in the detection of typhoid fever
with a sensitivity of 70%, and a specificity of 100% [20]. The
sensitivity of the test is comparable to current available diagnostic
tests for typhoid fever. Taking into consideration the limitations
of serodiagnostic techniques, this preliminary study aims to
evaluate the potential detection of salivary IgA antibody against
the S. Typhi rHIyYE antigen using an indirect ELISA for diagnosis
of typhoid fever. When developed, such an assay would provide
an alternative to diagnose typhoid fever in a non-invasive, rapid
manner and can lend itself to mass screening programs during
an outbreak.

MATERIALS AND METHODS

Samples

Human saliva used was obtained from the Institute for Research in
Molecular Medicine (INFORMM), Universiti Sains Malaysia (USM),
Malaysia. Individual samples were collected in accordance with
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the guidelines approved by the Human Ethical Committee of USM
in the year 2010. Acute typhoid (n=16) were patients who had
fever for more than five days and were positive for S. Typhi blood
culture. Convalescent typhoid (n=11) were typhoid fever patients
who had recovered within one year post-infection. Other febrile
fever subjects (n=15) were patients who had prolonged fever but
were negative for S. typhi blood culture. Healthy normal individuals
(n=25) were volunteers who did not have a history of typhoid fever
and had no symptoms of any other infection at the time of sample
collection. All participants’ saliva was collected as described
previously [21]. Participants rinsed their mouth by gargling at least
three times with distilled water before drooling 3-5 ml of saliva
into sterile containers. The salivary samples were centrifuged at
13,000 g and the supernatants were stored in aliquots at -20°C
until use in ELISA.

ELISA

The rHIYyE antigen was purified and ELISA was performed as
previously described [20,22]. Briefly, each well on the ELISA plate
(Greiner Bio-One, Belgium) was coated with 100 pl/well of 0.5 pg
purified rHIYE antigen (diluted in 50 mM carbonate/bicarbonate
buffer, pH 9.6) overnight at 4°C. After removing the antigen
solution, the plate was washed thrice with PBS-T (phosphate-
buffered saline with 1% Tween 20). The plate was then blocked
by adding 200 pl/well of blocking buffer (PBS with 5% skim milk)
which was incubated for one hour at 37°C. After removing the
blocking solution, the plate was washed thrice with PBS-T as
before. One hundred microliters of saliva (undiluted) to be tested
was added to each well (in duplicate). For each plate, positive and
negative serum controls diluted in PBS-T buffer (1:100) were also
added. After incubation for one hour at 37°C, the plate was washed
thrice and 100 pl/well of peroxidase-labeled goat anti-human IgA
conjugate (Sigma-Aldrich, USA) diluted 1:1000 in PBS-T was
added. After incubation for one hour, a final washing step was
carried out and 100 pl of 2,2’-Azino-bis(3-ethylbenzothiazoline-
B-sulfonic acid) diammonium salt (ABTS) solution was added
into each well. The plate was incubated at 37°C for 30 minutes
before absorbance (OD, ) was measured with a microplate reader
(SpectraMax® Microplate Reader, Molecular Devices, USA). The
cut off value was the midpoint between the mean absorbance of
the typhoid positive saliva and the mean absorbance of healthy
normal controls [9].

RESULTS

In this study, the results of haemoculture were referenced as
the gold standard. The ELISA results showed a clear distinction
between acute typhoid samples compared to the convalescent,
other febrile and normal samples that were tested [Table/Fig-1].
The positive cut off titer for salivary IgA antibodies was 0.977.
Ten of the 16 saliva samples from acute haemoculture confirmed
cases were IgA ELISA positive. The acute typhoid group had a
mean absorbance value of 1.496, which was approximately thrice
the mean absorbances of the convalescence (0.538) and normal
(0.457) groups, and twice that of the other febrile group (0.678).
This showed the potential of salivary anti-rHIyE IgA antibody in
diagnosis of acute typhoid fever as it enables early diagnosis of the
infection in the acute stage.

DISCUSSION

Till date, only two studies had been carried out to evaluate the
usefulness of salivary IgA against S. typhi lipopolysaccharide (LPS)
for the detection of typhoid fever [9,23]. In those studies, serial
samples were collected during patients’ follow-up to determine the
time frame of antibody production against LPS using ELISA. The
authors in both the studies found that the anti-LPS IgA antibodies
reached their peak during the second and third week of typhoid
fever and subsequently decreased drastically in the following
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[Table/Fig-1]: Reactivity of IgA antibody present in typhoid (acute and convalescent),
other febrile fevers and normal individuals’ saliva to rHIYE. Absorbance values of
salivary anti-rHIyE IgA in an ELISA from ABTS absorbance (OD, ) readings were

taken from the average of duplicates. The dotted horizontal line represents the cut
off titer of 0.977. The absorbance values that were used to derive the scatter dot
graph are presented in the Supplementary Information.

weeks. This corresponds to the overall absorbance pattern of
the typhoid group in our study which showed higher absorbance
values during the acute stage but subsequently reduced during
the convalescent stage.

The immune system represents a remarkable mechanism of
producing large amounts of antibodies against foreign antigens.
Individual response to S. typhi in differing magnitudes and
durations were multifactorial depending on the size of bacterial
inoculum, our personal immune systems and perhaps previous
exposure to the disease (especially populations in endemic areas).
Also, the incubation period for typhoid fever is considerably longer
than other diseases. Thus, the negatives observed in acute typhoid
and the positives observed in convalescent typhoid individuals
could be due to miscalculation of the stage of the disease when
the patients presented themselves. It was also reported that 10%
of the individuals convalescing from acute typhoid will become a
convalescent or temporary carrier, 1-4% become chronic carriers
and most relapses occurred at this stage at a rate of 5-10% [24].
However, this assumption could not be ascertained as follow-up
on the two false positive patients were not conducted to eliminate
their possibility as carriers.

Other febrile patients (n=15) that was diagnosed as other than
typhoid fever was determined to be dengue (n=11), hepatitis,
infective endocarditis, leptospirosis, and viral fever. The three
other febrile patients with absorbance values higher than the cut
off value were all dengue patients. A previous study reported that
patients with dengue not only show similar signs and symptoms
of infection with typhoid fever, but also a possibility of co-infection
with typhoid fever [25]. These could have caused misdiagnosis
and the cause of the disease overlooked if clinicians do not
perform differential diagnosis to rule out other possibilities. All
the normal individuals (n=25) showed absorbance values lower
than the cut off value except for three samples. The false positive
results observed in this study could not be clearly explained at this
juncture. This was also observed in a previous study, whereby a
normal individual who was excluded as a typhoid carrier based on
stool culture showed a consistently high prolonged salivary anti-
LPS IgA antibody level throughout a 120 day period [9].
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Differences in types and profiles (quantity and quality) of antibodies
are reported at difference stages of typhoid infection. For example,
the serum antibody levels against O- and H-antigens in Widal test
are low at the first week of illness but begin to rise subsequently
between second to third weeks before declining subsequently [26].
In future, follow-up studies on each individual need to be carried
out to determine the salivary anti-rHIyE IgA antibody profiles. Also,
to obtain a better picture of the diagnostic value of the assay, a
larger sample size of clinical typhoid samples (both haemoculture
positive acute samples and haemoculture negative samples) need
to be included. These will help determine the diagnostic sensitivity
and specificity of the assay at different stages of infection and
to overcome the limitation of the sensitivity of the blood culture
method.

CONCLUSION

This preliminary study showed that salivary IgA antibody against
rHIyE could be a good biomarker to detect immune responses
during typhoid infection. Saliva contains a plethora of components
and can be used as an alternative bio-fluid for diagnosis, fulfilling
WHQO’s AAAQ criteria. It is suitable for mass screening due to its
non-invasive nature, ease of collection and acceptability among
high risk patients. With further optimization of the assay and a larger
sample size validation trial, the salivary anti-rHIyE IgA antibody can
serve as an antibody-based detection test for diagnosis of typhoid
fever.
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