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Abstract

Definitive diagnosis of infectious diseases, including food poisoning, requires culture and identification of the infectious
agent. We described how antibodies could be used to shorten this cumbersome process. Specifically, we employed an anti-
Salmonella lipopolysaccharide O12 monoclonal antibody in an epitope-inhibition 10-min test (TUBEX TP) to detect
012*Salmonella organisms directly from routine blood culture broths. The aim is to obviate the need to subculture the
broth and subsequently identify the colonies. Thus, blood from 78 young outpatients suspected of having enteric fever was
incubated in an enrichment broth, and after 2 or 4 days, broth samplings were examined by TUBEX TP as well as by
conventional agar culture and identification. TUBEX TP was performed before the culture results. Eighteen isolates of S.
Typhi (15 after 2 days) and 10 isolates of S. Paratyphi A (4 after 2 days) were obtained by conventional culture. Both these
Salmonella serotypes, the main causes of enteric fever, share the O12 antigen. In all instances where either of these
organisms was present (cultured), TUBEX TP was positive (score 4 [light blue] - to - score 10 [dark blue]; negative is 0 [pink-
colored]) i.e. 100% sensitive. Identification of the specific Salmonella serotype in TUBEX-positive cases was achieved
subsequently by conventional slide agglutination using appropriate polyclonal antisera against the various serotypes.
Twelve Escherichia coli, 1 Alcaligenes spp. and 1 Enterobacter spp. were isolated. All of these cases, including all the 36
culture-negative broths, were TUBEX-negative i.e. TUBEX TP was 100% specific. In a separate study using known laboratory
strains, TUBEX TF, which detects S. Typhi but not S. Paratyphi A via the O9 antigen, was found to efficiently complement
TUBEX TP as a differential test. Thus, TUBEX TP and TUBEX TF are useful adjuncts to conventional culture because they can

save considerable time (>2 days), costs and manpower.
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Introduction

It is important that infectious diseases are correctly identified as
quickly as possible for the sake of both patient care and public
health. This, however, is sometimes difficult when only clinical
evidence is available, because many diseases of different origins
can resemble one another. An example is the acute fevers seen
commonly in the tropics, which include not only enteric fever, but
also dengue fever, malaria and rickettsial fever among the host of
diseases. Another example is food poisoning that affects both
resource-poor and developed economies [1], which is caused,
commonly, by several types of bacteria and viruses. A recent
outbreak due to enterohemorrhagic Escherichia coli which plagued
Europe for weeks [2] underscores just how vulnerable the global
community (or economy) is to such infections.

Definitive diagnosis relies on good laboratory investigations. For
many diseases, either or both of the following investigative
approaches are usually adopted: (a) Isolation and identification
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of the infectious agent in culture media, and (b) Detection of
antigens of the infectious agent, or antibodies induced by these
antigens, in the serum or other body fluids of the infected patient.
Which one of these approaches is more appropriate or efficacious
depends on the disease. For example, at the extremes, culturing is
always used to investigate cases of food poisoning, while serology
(based on immunological detection) is almost exclusively used to
diagnose syphilis. Traditionally, however, culturing is often
regarded as the gold standard of diagnosis, a view that has
recently been questioned for some diseases [3,4]. The main
problem with culturing is that this is often long and cumbersome,
and it requires a specialized laboratory and staff. Serology, on the
other hand, allows a faster turnaround time and is generally less
demanding on personnel and laboratory. In fact, great strides have
been made over the years in immunodiagnosis with the in-
troduction of point-of-care tests that do not require laboratory or
instrumentation, and which can be performed by non-specialist
staff. Importantly, the results of many of these tests can be known
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within 10 mins. In contrast, little progress has been made to make
culturing simpler and quicker — the process still takes days or even
weeks, since typically, one or more days are required for the
organism to grow in an initial enrichment broth, another day for
a subsequent agar subculture, and at least another day to identify
any colonies obtained by biochemical analysis.

In this communication, we sought to simplify the culture
method, acknowledging the fact that culturing, though cumber-
some, is indispensable for some diseases, and for others, it
complements serology very well. Since it would be difficult to
speed up the growth of an organism, we focused on the subsequent
steps of identifying the organism after it is grown. As model
disease, we chose enteric fever, a century-old disease that still poses
a global health threat today. It is actually comprised of typhoid
fever and the paratyphoid (type A, B or C) fevers. Typhoid fever,
the most important, affects about 2 million people annually while
paratyphoid A fever, which is clinically indistinguishable from
typhoid, has recently emerged to be just as dangerous [5,6]. These
diseases are caused by different members of the Salmonella family.
There are in fact over 2,000 members or serotypes of Salmonella,
identified by the surface “O” and “H” antigens found in the
lipopolysaccharide (LPS) and flagella of the organism, respectively
[7]. Serotypes with a common immunodominant “O” antigen
form a serogroup. Thus, O9 (and the structurally-juxtaposed O12
antigen) are found in serogroup D, which comprises Salmonella
enterica serovar Typhi (S. Typhi), the cause of typhoid fever, and
several other members that do not cause typhoid but instead, a self-
limiting, gut-associated disease called gastroenteritis (commonly
known as food poisoning). Of the serotypes that cause paratyphoid
fever, O2 and O12 are found in S. Paratyphi A, O4 and O12 in S.
Paratyphi B, while O6 and O7 are borne by S. Paratyphi C. Thus,
012 is common to S. Typhi, S. Paratyphi A and S. Paratyphi B.
All other serotypes do not cause enteric fever but gastroenteritis
rather. Recently, however, some of these serotypes, particularly S.
Typhimurium (O4, O12) and S. Enteritidis (09, O12), were found
to invade the bloodstream of sub-Saharan African patients more
frequently than S. Typhi or other types of bacteria, causing a new
severe febrile illness called nontyphoidal salmonellosis (N'T'S) [8,9].

Both culture and serological methods are used to diagnose
enteric fever, although culturing is not usually performed at small,
peripheral laboratories in many countries. The organisms isolated
by culture are characterized by phage-typing, antibiotic sensitivity
testing and genome analysis, information that is extremely useful
for epidemiology. Of the serological methods, the Widal test based
on bacterial agglutination is the earliest, which is still widely used
today. Many of the newer tests, which include TUBEX TF (IDL
Biotech, Sweden) and lateral-flow tests [10], can be used at point-
of-care settings and have fast turnaround times. TUBEX TF
uniquely utilizes an inhibition assay format to detect anti-O9
antibodies from typhoid patients based on the ability of these
antibodies to block the specific binding between a pair of
microspheres. One of the particles (indicator) is blue-colored and
coated with an O-9 specific monoclonal antibody (mAb), while the
other is magnetic and coated with S. Typhi LPS. By virtue of the
inhibition assay format, the test can also detect antigen (including
whole bacteria) via blockade of the antibody-combining sites on
the indicator particles. A red background color is added so that
results are semi-quantitatively read after 5-10 min, based on the
varying tones of blue and red in the supernatant: Most blue being
most positive (see Fig. 1). Based on several studies, particularly
ones conducted recently that had used ELISA as an objective
benchmark, the TUBEX TT antibody-test was found in general to
be both sensitive and specific for typhoid fever [11,12].
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We recently produced a prototypic TUBEX test of a different
specificity using an anti-O12 mAb probe (Fig. 1). This was
developed as a combined test to detect the common anti-O12
antibodies produced in both typhoid and paratyphoid A patients.
In a recent evaluation, this test (TUBEX TP) proved, indeed, to be
highly efficacious in detecting both diseases [4], but more
interestingly, it detected typhoid patients better than TUBEX
TF especially in terms of TUBEX scores. Herein, we applied
TUBEX TP to the detection of whole organisms of S. Typhi and
S. Paratyphi A grown as routine blood cultures (or as agar
colonies) derived from enteric fever patients. We found excellent
sensitivity and specificity with the test, attesting to the potential
usefulness of immunological aids in simplifying microbiological
procedures.

Materials and Methods

Study Cohort

Seventy-eight individuals (ages 3.5 to 18 yrs, median = 10 yrs)
were recruited from “pediatric” outpatients (=18 yrs) who visited
the local primary healthcare clinics (puskesmas), the Ramelan Naval
Hospital, and the Dr. Soetomo Hospital, all in Surabaya,
Indonesia, between May 2010 and July 2011. For convenience,
adult patients (=19 yrs) were excluded from the study. The
recruits were all residents in various suburbs of Surabaya, all had
presented with high, persistent fever for at least the past 3 days
(mean=4.6 days) at the time of the visit, and none had sought
prior medical attention. From each patient, blood was obtained by
venipuncture and sent immediately to the Clinical Pathology
Laboratory in Dr. Soetomo Hospital for microbiological in-
vestigation. (Written consent from patients was obtained, and the
study protocol was approved by the local Ethics Committee in
Surabaya, Indonesia [Komite Etik Penelitian Kesehatan Rsud Dr.
Soetomo Surabayal].).

Blood Culture

The routine blood culture method based on the protocol used
by Clinical & Laboratory Standards Institute (CLSI), Pennsylva-
nia, USA, and adopted by Dr. Soetomo Hospital, Surabaya, was
followed. Three technical staff were involved. Briefly, blood
(3.5 mL) obtained from each subject was inoculated into ox bile-
containing culture broth (Oxoid, Basingstoke, Harts, UK; 35 mL).
The broth was incubated aerobically at 37°C, and after 2 and 4
days (l.e. Day 3 and Day 5, respectively), the broth was sub-
cultured (streaked) on Salmonella-Shigella (SS) agar plates (Pronadisa,
Conda, Madrid, Spain). Colonies were identified using a set of
conventional biochemical tests and also, in the case of Salmonella
isolates, by slide agglutination using polyclonal antisera to
Salmonella O-9, d-H, O-2 (PA) and O-4 (PB) (Biofarma, Bandung,

Indonesia).

Bacterial Detection from Blood Culture Broth

A small vol (1.0 ml) of the broth was dispensed into a microtube
and centrifuged at 11,000 g for 5 mins in a micro-centrifuge
(Microfuge 22R, Beckman Coulter, Brea, CA) (This clarification
step removes the color of the broth.). The supernatant was
removed by decanting, and any liquid remaining was removed
using a piece of tissue paper (without disturbing the pellet). The
pellet thus obtained was resuspended in 100 pl normal saline
(0.9% NaCl). The suspension was transferred to a small glass tube
and heated briefly (<2 mins) over a naked (kerosene) flame;
heating was performed by quickly rotating the tube over the flame
and, sometimes, withdrawing from it, to avoid over-heating or
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Figure 1. Principle and practice of TUBEX. Shown in (A) are the types of mAb and LPS utilized in TUBEX TP and TUBEX TF, and (B) pictorial
representations of various TUBEX reactions performed in a set of reaction wells, placed on a magnet stand (Color Scale).

doi:10.1371/journal.pone.0049586.9001

boiling. The treated suspension was then used in the TUBEX test,
performed by a technical staff (FM) unconnected with culturing.

For cases that were TUBEX-positive, the unheated saline
suspension was examined by slide agglutination using polyclonal
antisera to Salmonella O-9, d-H, O-2 (PA) and O-4 (PB). For some
cases (Patient nos. 52-78, Table Sl1), a glass slide smear was
prepared from the unheated saline suspension and Gram-stained,
and later viewed under high-power light microscopy.

Bacterial Detection from SS Agar Colonies

Several colonies of the same morphological type were randomly
selected from the SS agar plate and re-suspended in 100 pl normal
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saline in a small glass tube. Although suspect Salmonella colonies are
non-lactose fermenting, for the purpose of specificity-testing in the
study, lactose-fermenters were also examined. The suspension was
heated briefly as described above, and similarly used in the
TUBEX test. Slide agglutination was similarly used to identify S.
Typhi, S. Paratyphi A and S. Paratyphi B organisms.

TUBEX Tests

Two types of TUBEX tests were used: TUBEX TP, prepared as
described previously [4], and TUBEX TF, obtained from IDL
Biotech, Bromma, Sweden. Both tests were used in the same
manner essentially as follows:
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The Blue reagent (antigen-coated indicator particles) was
dispensed in 50 pl vol to individual V-shaped chambers of a 6-
chamber Reaction Well strip. The unknown sample (25 pl),
comprising the broth- or colony-derived bacterial suspension, was
then added to the Blue reagent and quickly mixed with it by
pipetting the solution up and down several times. After 2 min, the
Brown reagent (antigen-coated magnetic particles, 25 pl) was
added to the mixture and the whole Reaction Well strip was sealed
with adhesive tape, before being shaken rapidly for 2 mins in an
automatic shaker (I'UMIX, IDL Biotech). The set of reaction
wells was then stood on the magnet stand provided, and after
2 mins, the results were read based on the resultant color of the
supernatant. The results were read by eye and scored against the
color chart provided: Score 0 (most red) — to — score 2 (faint red)
were considered negative, and score 3 (faint blue) — to — score 10
(most blue) as increasingly positive.

Results

We first investigated the capability of TUBEX TP to detect
S. Typhi and . Paratyphi A organisms in a preliminary study
using bacterial strains isolated recently from our laboratory. The
bacterial suspension obtained from organisms grown overnight in
broth was examined in TUBEX TP. Of 2 S. Typhi and 8
S. Paratyphi A strains, all were found positive (TUBEX score 4—
10), while a single strain of E. coli and Pseudomonas aeruginosa were
both negative (TUBEX score 0) (data not shown). At the limit of
detection (TUBEX score 4), the bacterial concentration was
roughly 10%-10° organisms/ml (equivalent to McFarland standard
no. 3).

Next, we undertook a prospective study to determine the
efficacy of TUBEX TP in the detection of S. Typhi and
S. Paratyphi A organisms directly from routine blood cultures of
78 young outpatients suspected of having typhoid fever. The
results are presented in Table S1 and summarized in Table 1.
Thus, of the 78 cases, 18 (23.1%) grew S. Typhi, and 10 (12.8%)
grew S. Paratyphi A. These results were determined by conven-
tional culture and identification of the organisms grown from the
blood broth after 2 days (Day 3) or 4 days (Day 5) of culture.
(Earlier sampling times were not used.) Of the S. Typhi isolates,
83.3% (15/18) were obtained on Day 3, whereas in contrast, only
40.0% (4/10) of the S. Paratyphi A isolates were obtained at this
early time-point.

Rapid Detection of Salmonella

TUBEX TP was performed on the Day 3 or Day 5 broth by
a technical staff unconnected with microbiological culture, prior to
the culture results being known. Bacterial saline suspension made
from the broth was used; in some cases (Patient nos. 52-78, Table
S1), a Gram-stained smear made of the suspension was examined
microscopically, and in those broths that were later confirmed by
SS agar culture to contain bacteria, large numbers of Gram-
negative bacilli were revealed. As shown, the TUBEX TP results
correlated 100% with the culture results. That is, (a) TUBEX TP
was 100% sensitive in detecting S. Typhi and S. Paratyphi A
organisms from blood culture, (b) 83.8% of S. Typhi organisms
were detected after 2 days’ culture, the rest after 4 days, and (c)
40.0% of S. Paratyphi A were detected after 2 days, the rest after 4
days. TUBEX TP does not differentiate between S. Typhi and
S. Paratyphi A. For such differentiation, after the TUBEX results
were found positive, the bacterial saline suspension was examined
by routine slide agglutination using antisera specific for S. Typhi
(“O” and “H”), §. Paratyphi A (“PA”, O-specific) and . Para-
typhi B (“PB”, O-specific). In all cases, the identification of
S. Typhi and S. Paratyphi A by slide agglutination agreed with the
corresponding identification of the isolate by conventional culture
(100% correlation). Of particular note is the absence of
S. Paratyphi B organisms.

In 14 cases (14/78 or 17.9%), a non-Salmonella enteric bacillus
was grown, namely, E. coli (12 cases), Enterobacter spp. (1) and
Alcaligenes spp. (1). All these cases were also negative in TUBEX
TP.

No organism grew on the SS agar after 6 days of broth culture
for the rest of the cohort i.e. 36 cases (46.2%) were culture-
negative. All these cases were also negative in TUBEX TP. Thus,
altogether for the whole cohort, TUBEX TP was 100% specific
(50/50).

In the same study involving the 78 patients, we also investigated
whether TUBEX TP could directly identify colonies of S. Typhi
and S. Paratyphi A grown on SS agar (subcultured from the blood
culture broth). Saline suspension of the colonies was prepared and
examined by TUBEX TP prior to the conventional biochemical
identification of the colonies. The results displayed in Table S2
revealed that, indeed, TUBEX TP was 100% sensitive in detecting
both S. Typhi (18 isolates) and S. Paratyphi A (10), and 100%
specific with respect to the non-Salmonella isolates, namely, E. coli
(12), Alcaligenes spp. (1) and Enterobacter spp. (1). Similar to broth
culture, differentiation between S. Typhi and S. Paratyphi A was

Table 1. Summary of TUBEX TP performance in detecting S. Typhi and S. Paratyphi A organisms from routine blood culture broth.

Day 3 broth™ Day 5 broth
Total no.

Organism isolated cases No. (%) found TUBEX results” No. (%) found TUBEX results”
(a) S. Typhi 18 15 (83.3) Positive (6-10) 3(16.7) Positive (8)
(b) S. Paratyphi A 10 4 (40.0) Positive (4-10) 6 (60.0) Positive (8)

(a)-(b) 28 19 (67.9) Positive 9 (32.1) Positive
(c) E. coli 12 8 (66.7) Negative (0) 4 (33.3) Negative (0)
(d) Alcaligenes spp. 1 1 (100) Negative (0)
(e) Enterobacter spp. 1 1 (100) Negative (0)

(c)-(e) 14 10 (71.4) Negative 4 (28.6) Negative
(f) None (no growth) 36 36 (100) Negative (0)
*After 2 days’ culture.
*Numericals indicate range of TUBEX scores.
doi:10.1371/journal.pone.0049586.t001
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achieved by slide agglutination. As expected, 83.8% of S. Typhi
isolates were identified by TUBEX TP on Day 4, the rest on Day
6, while 40.0% of S. Paratyphi A were identified on Day 4 and the
rest on Day 6.

Finally, since TUBEX TP by itself cannot differentiate between
S. Typhi and S. Paratyphi A organisms, we investigated whether
TUBEX TT — which detects the O9 antigen but not O12— can be
used as a complementary or differential test to single out the
S. Typhi organisms. Thus, overnight broth cultures of S. Typhi (6
laboratory strains) and S. Paratyphi A (6 laboratory strains) were
obtained and examined in both TUBEX TP and TUBEX TF. As
shown in Table S3, whereas TUBEX TP detected both types of
organisms in all cases (100% sensitive for both S. Typhi and
S. Paratyphi A), TUBEX TT was positive only for S. Typhi (100%
sensitive, 100% specific).

Discussion

The present study demonstrates the feasibility of using
immunological tools to simplify or shorten microbiological
procedures — specifically, in this case, the use of antibodies to
detect or identify S. Typhi and S. Paratyphi A organisms directly
from broth or agar cultures. The reliability of this short-cut
approach undoubtedly depends on the antibody probe used, as
well as the method of application. Identification should in fact be
regarded as presumptive unless the particular probe-method
combination adopted has been proven through extensive evalu-
ation to be truly specific for the organism in question. In a proven
case, the risk of misidentification will be no greater than that
associated with ordinary immunoassays that detect infections via
the antibodies or soluble antigens found in the patient.

Two antibody probes highly specific for Salmonella were
employed in our study; both are mAbs specific for unusual
monosaccharides found in the LPS of the organism — the O9 and
O12 antigens. If, for the sake of argument, polyclonal antibodies
(antisera) are utilized instead of mAbs — as normally the case with
slide agglutination tests (whether using soluble antibodies or
antibodies bound on latex particles or Staphylococcus bacteria) — the
test can theoretically become less reliable due to batch-batch
variation of the antisera used, and less specific, because sub-
specificities of anti-O12 antibodies (discovered recently [4]) could
be present which recognize sub-epitopes that are less ‘private’ or
restricted than others.

The method in which the antibody probe is used is important.
Thus, whereas the TUBEX test can be used with confidence for
the direct detection of Salmonella organisms from cultures, there is
some reservation using the slide agglutination test in this regard
(although, as discussed later, when used as a differential or
secondary test, the demands are less stringent). A significant
difference between slide agglutination (using soluble antibodies)
and TUBEX is the indicator of reaction employed. In TUBEX,
this is comprised of quality-controlled colored particles that are
easy to visualize, whereas in slide agglutination, this is the dull-
colored bacterial suspension prepared ad hoc from each selected
culture. TUBEX results are thus more easily read and with less
subjectivity. Another difference is: The inhibition assay format
used in TUBEX avoids the potential non-specific reactivity due to
environmental factors such as pH, or interfering substances,
suffered by slide agglutination tests (regardless of type) [13]. In
addition, the use of magnetic force to separate bound from
unbound indicator particles in TUBEX ensures a quicker and
cleaner read-out of the results compared to the slide tests.

Slide agglutination tests had in fact been used in the late 80 s to
detect Salmonella and Shigella bacteria from stool enrichment broths,
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including one based on Vi detection [14], with mixed success [15—
17] and little progress since then. A more successful application of
these tests is the detection of other types of bacteria and their
antigens from the cerebrospinal fluid of meningitis patients
[18,19]. Other immunological methods have also been experi-
mented with in the past for whole bacteria or antigen detection,
including immuno-diffusion, in which the organism is allowed to
grow on antibody-embedded agarose [20], but most are cumber-
some or time-consuming to perform.

In the present study, TUBEX TP was found to be 100%
accurate in detecting S. Typhi and . Paratyphi A organisms from
routine blood culture broths and SS agar colonies. The TUBEX
results agreed totally with those obtained by the traditional
identification method. (Note, however, the clinical sensitivity of the
culture method is a different matter — see later. Also, the TUBEX
positive scores of 4— to —10 have no clinical significance other than
merely denoting the bacterial concentration of the suspension
made.) Although the study is small and has other limitations,
including the notable absence of Salmonella serotypes other than
S. Typhi and S. Paratyphi A, nonetheless, the findings confirm the
potential of the immunodiagnostic approach that we first revealed
in an experimental study [21]. In this study, TUBEX TF (O9-
specific) was used to detect various laboratory strains of bacteria
grown as broth cultures. As expected, the test was positive for 19
Salmonella serogroup D (O9") strains, including 13 S. Typhi and 6
S. Enteritidis, and negative for 8 Salmonella isolates belonging to
other (O97) serotypes (7 S. Paratyphi A, 1 S. Typhimurium), as
well as 2 E. coli strains. Interestingly, TUBEX TT was negative for
an isolate previously identified by traditional methods to be
S. Typhi; a re-examination using API 20E biochemical analysis
and slide agglutination tests revealed the identity to be actually
S. Typhimurium.

TUBEX TP casts a wider net in capturing Salmonella organisms
than TUBEX TF, and hence, may be ideally suited for the
screening of blood and stool cultures. A positive TUBEX TP
suggests the presence of a Salmonella organism belonging to
serogroup A, B or D. TUBEX TF can then be used as a rapid
differential test to narrow this range since this test detects only
serogroup D organisms. As demonstrated in the study, further
differentiation can then be achieved quickly and simply by slide
agglutination using appropriate ‘O’ and ‘H’ antisera. It is worth
noting, however, that an isolate which is TUBEX TP-positive but
TF-negative includes not only S. Paratyphi A, but also S. Paratyphi
B, another paratyphoid organism that was not isolated in the
present study but which can be found, albeit infrequently, in
Surabaya (Nugraha J. et al, unpublished observations). Another
candidate is . Typhimurium, which has become increasingly
important to public health as it accounted for 75% of the NTS
bacteremia seen in febrile patients from Malawi, Africa [22]; in the
same study, S. Enteritidis (both TUBEX TP- and TF-positive in
theory) accounted for 21%.

Thus, TUBEX TP may serve as a useful adjunct to
conventional culture since it can save at least 2 days the time
needed to identify an isolate conventionally, including significant
savings in costs and labor. A negative TUBEX test is just as useful
as a positive test. Admittedly, even with the help of TUBEX TP,
the whole process still took 2 days to detect (only) 80% of S. Typhi
organisms in the present study. This, however, can theoretically be
shortened to just a day for a first time-point in future, even though
some sensitivity might be sacrificed. It is possible, too, that the
culture-TUBEX approach be adopted by small, peripheral
laboratories that are only minimally equipped — just to grow
blood specimens in a clear broth medium (using a non-colored ox-
gall substitute to obviate the need for centrifugation) in a 37°C
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water-bath or incubator. The culture broth can then be examined
not by agar culture and biochemical identification, but periodi-
cally, with TUBEX TP by non-specialist personnel.

Several points of microbiological interest can be gleaned from
the present study. First, the combined detection (isolation) of S.
Typhi and S. Paratyphi A accounts for 35.9% (28/78) of the total
blood cultures from patients suspected of having “typhoid” fever.
However, if the isolates comprising of . coli, Alcaligenes spp. and
Enterobacter spp. are excluded, then the detection rate becomes
43.8% (28/64). This still includes the 36 cases considered as “no
enteric bacilli found” which exhibited an absence of growth on SS
agar; such cases, however, could be genuine typhoid but in whom
few or no organisms prevailed in the circulation (e.g. in late-phase
disease or due to prior antibiotic therapy), or these could be febrile
infections due to Staphylococcus or certain viruses (but not dengue
virus, since this was specifically excluded by routine serology), or
parasites such as those causing malaria or typhus fever. Re-
alistically, if we assume half of these “no growth” cases to be true
typhoid, the success rate of microbiological culture for “typhoid”
fever in the locality of our study (Surabaya, Indonesia), which is
endemic for typhoid, becomes 60.9% (28/46). This is consistent
with the generally poor isolation of \S. Typhi organisms from blood
by other investigators [23,24]. However, in the above computa-
tion, S. Typhi is grouped together with §. Paratyphi A when the
latter is actually responsible for quite a distinct disease. Leaving
out §. Paratyphi A from the calculation, the actual detection of
typhoid cases becomes a mere 39.1% (18/46). Clinically, thus, the
diagnosis of ‘“T'yphoid” should be more appropriately termed
“Enteric Fever” when referring to cases with high persistent fever
and other symptoms characteristic of typhoid.

Second, the present findings document for the first time the
unexpected high prevalence of paratyphoid A fever in Surabaya;
very few cases were observed previously. The relative rate of
isolation (roughly, 1:2) of S. Paratyphi A vs . Typhi is similar to
those found previously in another part of Indonesia [25] and in
Nepal [26,27]. Paratyphoid A fever has indeed emerged recently
as a global threat and is likely to have been mis- or under-
diagnosed in many parts of the world still. The apparent low
incidence in Surabaya seen previously may be due to an over-
reliance on the Widal tests for diagnosis; indeed, we have hitherto
seen very few PA-O positive cases compared to TO-positives
(Nugraha J. et al, unpublished observations).

Third, from the majority (83.3%) of patients, S. Typhi was
1solated early from the broth culture (after 2 days’ incubation), but
interestingly in contrast, more (60%) S. Paratyphi A isolates were
found later, after 4 days. An intriguing possibility is that S.

References

1. Voetsch AC, Van Gilder TJ, Angulo FJ, Farley MM, Shallow S, et al. (2004)
FoodNet estimate of the burden of illness caused by nontyphoidal Salmonella
infections in the United States. Clin Infect Dis 38 Suppl 3: S127-34.

2. World Health Organization (2011) Public Health Review of the anterohaemor-
rhagic Escherichia coli outbreak in Germany. Available: http://www.euro.who.
int/en/what-we-do/health-topics/ disease-prevention/food-safety/publications/
2011/a-public-health-review-of-the-enterohaemorrhagic-escherichia-coli-
outbreak-in-germany. Accessed 10 June 2011.

3. Nga TV, Karkey A, Dongol S, Thuy HN, Dunstan S, et al. (2010) The
sensitivity of real-time PCR amplification targeting invasive Salmonella serovars
in biological specimens. BMC Infect Dis 10: 125-133.

4. Yan M, Tam FC, Kan B, Lim PL (2011) Combined rapid (TUBEX) test for
typhoid-paratyphoid A fever based on strong anti-O12 response: design and
critical assessment of sensitivity. PLoS ONE 6(9): e24743.

5. Crump JA, Mintz ED. (2011) Global trends in typhoid and paratyphoid fever.
Clin Infect Dis 50(2): 241-246.

6. Maskey AP, Day JN, Phung QT, Thwaites GE, Campbell JI, et al. (2006)
Salmonella enteric serovar Paratyphi A and S. enteric serovar Typhi cause
indistinguishable clinical syndromes in Kathmandu, Nepal. Clin Infect Dis 42(9):
1247-53.

PLOS ONE | www.plosone.org

Rapid Detection of Salmonella

Paratyphi A organisms normally circulate in low numbers in the
patient which can thus explain, in part, the under-detection of
these organisms. Some support for this is seen in the real-time
PCR study of Nga et al [3], who found relatively lower copy
numbers of target DNA sequence in the blood of patients for
S. Paratyphi A compared to S. Typhi (39 vs 60 copies per ml), both
being substantially lower than that found for §. Typhi in bone
marrow (600 per ml).

The immunodiagnostic approach described herein can be used
to detect viruses in culture or from body fluids, and is particularly
useful in the food industry or public health. As an example, if
enterotoxigenic L. coli is found to be the cause of an outbreak of
food poisoning, and if bean sprouts are the prime suspect of the
contamination, antibodies highly specific for the organism can
then be used in a TUBEX test to quickly check the presence of the
organism in enrichment broths of the sprouts obtained from
different markets or gardens. By not having to grow the organism
on agar (all the time), this can save invaluable time and effort in
tracking down the contamination. Likewise, TUBEX TP may
serve as a useful rapid test to screen dairy products for Salmonella
organisms, although coverage will be improved if a pan-Salmonella
(O) antibody 1s available as probe. Alternatively, antibodies
directed against the flagella or fimbriae may serve the very
purpose [28].

Supporting Information

Table S1 Rapid detection of §. Typhi and S. Para-
typhoid A organisms from routine blood culture broth
by TUBEX TP.

(DOCX)

Table S2 Rapid detection of §. Typhi and S. Para-
typhoid A organisms from SS agar colonies by TUBEX
TP.

DOCX)

Table $3 Difference between TUBEX TP and TUBEX
TF in the detection of S. Typhi and §. Paratyphi A
organisms from known broth cultures.

(DOCX)

Author Contributions

Conceived and designed the experiments: JN PLL. Performed the
experiments: FM FCHT. Analyzed the data: JN FM FCHT PLL.
Contributed reagents/materials/analysis tools: JN FM FCHT PLL. Wrote
the paper: JN FM FCHT PLL.

7. Kauffmann F, Edwards PR (1957) A revised, simplified Kauffmann-White
schema. Acta Pathol Microbiol Scand 3: 242-246.

8. Mtove G, Amos B, von Seidlein L., Hendriksen I, Mwambuli A, Kimera ], et al.
(2010) Invasive salmonellosis among children admitted to a rural Tanzanian
hospital and a comparison with previous studies. PLoS One 5(2): €9244.

9. Tabu C, Breiman RF, Ochieng B, Aura B, Cosmas L, et al. (2012) Differing
burden and epidemiology of non-Typhi Salmonella bacteremia in rural and
urban Kenya, 2006-2009. PloS One 7(2): €31237.

10. Kawano RL, Leano SA, Agdamag DM (2007) Comparison of serological test
kits for diagnosis of typhoid fever in the Philippines. J Clin Microbiol 1: 246-247.

11. Rahman M, Siddique AK, Tam FC, Sharmin S, Rashid H, et al. (2007) Rapid
detection of early typhoid fever in endemic community children by the
TUBEX® O9-antibody test. Diagn Microbiol Infect Dis 3: 275-81.

12. Ley B, Thriemer K, Ame SM, Mtove GM, von Secidlein L, et al. (2011)
Assessment and comparative analysis of a rapid diagnostic test (Tubex®) for the
diagnosis of typhoid fever among hospitalized children in rural Tanzaniz. BMC
Infect Dis 11(1): 147.

13. D’Amato RF, Hochstein L, Fay EA (2009) False-positive latex agglutination test
for Neisseria meningitidis groups A and Y caused by povidone-iodine antiseptic
contamination of cerebrospinal fluid. J Clin Microbiol 28(9): 2134-5.

November 2012 | Volume 7 | Issue 11 | e49586



21.

. Jesudason MV, Sridharan G, Mukundan S, John TJ (1994) Vi-specific latex

agglutination for early and rapid detection of Salmonella serotype typhi in blood
cultures. Diagn Microbiol Infect Dis. 18(2): 75-8.

. McGowan KL, Rubenstein MT (1989) Use of a rapid latex agglutination test to

detect Salmonella and Shigella antigens from gram-negative enrichment broth.
Am J Clin Pathol 92(5): 679-82.

. Nordlander E, Phuphaisan S, Bodhidatta L, Arthur J, Echeverria P (1990)

Microscopic examination of stools and a latex slide agglutination test for the
rapid identification of bacterial enteric infections in khmer children. Diagn

Microbiol Infect Dis. 13(3): 273-6.

. Rohner P, Dharan S, Auckenthaler R (1992) Evaluation of the Wellcolex Colour

Salmonella Test for detection of Salmonella spp. in enrichment broths. J Clin
Microbiol 30(12): 3274-3276.

Sippel JE, Hider PA, Controni G, Elsenach, Hill HR, et al. (1984) Use of the
directgen latex agglutination test for detect of Haemophilus Influenzae,
Streptococcus pneumonia, and Neisseria meningitides antigens in cerebrospinal
fluid from meningitis patients. J Clin Microbiol 20(5): 884-886.

. Rose AM, Gerstl S, Mahamane AE, Sidikou F, Djibo, etal. (2009) Field

evaluation of two rapid diagnostic tests for Neisseria meningitides serogroup A
during the 2006 outbreak in Niger. PLoS One 4(10): €7326.

. Engler KH, Glushkevich T, Mazurova IK, George RC, Efstratiou A (1997) A

modified Elek test for detection of toxigenic corynebacteria in the diagnostic
laboratory. J Clin Microbiol 35(2): 495-498.

Tam FC, Ling TK, Wong KT, Leung DT, Chan RC, et al. (2008) The TUBEX
test detects not only typhoid-specific antibodies but also soluble antigens and
whole bacteria. ] Med Microbiol 57(Pt 3): 316-23.

PLOS ONE | www.plosone.org

23.

24.

26.

28.

Rapid Detection of Salmonella

Gordon MA, Graham SM, Walsh AL, Wilson L, Phiri A, et al. (2008) Epidemics
of invasive Salmonella enterica serovar enteritidis and S. enterica Serovar
typhimurium infection associated with multidrug resistance among adults and
children in Malawi. Clin Infect Dis 46(7): 963-9.

Wain J, Diep TS, Ho VA, Walsh AM, Nguyen TT, et al. (1998) Quantitation of
bacteria in blood of typhoid fever patients and relationship between counts and
clinical features, transmissibility, and antibiotic resistance. J Clin Microbiol 36(6):
1683-7.

Ochiai RL, Acosta CJ, Danovaro-Holliday MC, Baiqing D, Bhattacharya SK, et
al. (2008) A study of typhoid fever in five Asian countries: disease burden and
implications for controls. Bull World Health Organ. 86(4): 260-8.

5. Vollaard AM, Ali S, Widjaja S, Asten HA, Visser LG, et al. (2005) Identification

of typhoid fever and paratyphoid fever cases at presentation in outpatient clinics
in Jakarta, Indonesia. Trans R Soc Trop Med Hyg 99(6): 440-50.

Maskey AP, Basnyat B, Thwaites GE, Campbell JI, Farrar JJ, et al. (2008)
Emerging trends in enteric fever in Nepal: 9124 cases confirmed by blood
culture 1993-2003. Trans R Soc Trop Med Hyg 102(1): 91-5.

. Karkey A, Arjyal A, Anders KL, Boni MF, Dongol S, et al. (2010) The burden

and characteristics of enteric fever at a healthcare facility in a densely populated
area of Kathmandu. PLoS One. 5(11): ¢13988.

Thorns CJ, McLaren IM, Sojka MG (1994) The use of latex particle
agglutination to specifically detect Salmonella enteritidis. Int J Food Microbiol

21(1-2): 47-53. Review.

November 2012 | Volume 7 | Issue 11 | e49586



