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ABSTRACT

Laboratory diagnosis of typhoid fever requires isolation and identification of Salmonella enterica serotype Typhi. In
many areas where this disease is endemic, laboratory capability is limited. We studied the value of the Widal tube
and slide agglutination test for the diagnosis of typhoid fever. Blood donor controls were screened with a dlide
agglutination test for the Salmonella enterica serotype Typhi O and H antigens, and positives were then tested with
the Widal test. We concluded that the majority tested (51%) had an H agglutinin titre of <1/20 with 2% having a
titre of 1/160. For 0 agglutinins, 31% had a titre of 1/80 and 2% had a titre of 1/160 that O and H agglutinin titers
of >1/200 is of diagnostic significance. Out of 10 samples subjected to 2-mercapto-ethanol test 4 showed reductions
indicating the presence of IgM antibodies and 6 sera negative for the test. Widal test can be of diagnostic value in
the early stage of disease and thus help in reducing morbidity and mortality from typhoid. A false-positive may be
the result of past infection with serotype Typhi or ancther nontyphoidal Salmonella serotype that shares common
antigens.
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INTRODUCTION

Typhoid fever is a common illness in developing moies like India [1] and is a potential threatdeveloped
nations, in an era of increasing air travel andalmperations [2]. It is a systemic infectiousedise characterized
by an acute illness, the first typical manifestasioof which are fever, headache, abdominal paitative
bradycardia, splenomegaly, and leukopeBamonella enterica subspp.Enteric serotype Typhi is the etiological
agent of typhoid fever. Typhoid fever is an impaottaause of morbidity in many regions of the woridth an
estimated 12 to 33 million cases occurring anny&]yand 600,000 deaths annually [5] the first inmodiagnostic
test in the world—the Widal test [4] was develogedtyphoid, a test that is still widely used todd@yphoid has
remained a major health threat globally, affecsogne 20 million people annually [6]. The signs apthptoms of
uncomplicated typhoid fever are nonspecific, andaecurate diagnosis on clinical grounds alone fiicdit [7].
Although a definitive diagnosis can be made byatoh of Salmonella typhi from blood or bone marrow [8], and
the Widal test is the only specific diagnostic istvgation tool available. The Widal test has beemise for more
than a century as an aid in the diagnosis of typtiever in many countries [9]. In the absence mfrapriate
chemotherapy, typhoid fever was often a fatal ggand introduction of effective antibiotic therapyl950s led to
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a sharp decline in the rates of complications armudtatity due to typhoid fever [10]. However, in Bat990s
multidrug-resistant strains &lmonella enterica serotypetyphi (MDR-ST) that were resistant to all the three first
line drugs then in use, namely chloramphenicol, xamitlin and co-trimoxazole emerged, and sooner MBR
became endemic in many areas of Asia, includingalfidL].

The definitive diagnosis of the disease requiressblation ofSalmonella typhi from the blood, feces, urine or other
body fluids. In the developing countries, facildtiéor isolation and culture are often not availabipecially in
smaller hospitals and diagnosis relies upon thaical features of the disease and the detectioaggfutinating
antibodies t&styphi. Sero diagnosis of typhoid fever has been attedngitece the late 19th century when Widal and
Sicard showed that the serum of patients with tigofever agglutinated typhoid bacilli. Unfortunateheither the
Widal test, which remains in widespread use indéeeloping world, nor any of the serodiagnostit¢stéisat have
since been developed has proven sufficiently sgasispecific, and practical value added in are&re this
disease is endemic [12]. Recent advances in m@etumunology have led to the identification of gatially more
sensitive and specific markers in the blood andeurof patients with typhoid fever and have enabtee
manufacture of practical and inexpensive kits foeirt detection. A related disease, paratyphoid rfedethat
resembles typhoid fever clinically and which is lpbly under-diagnosed, has recently emerged te liargerous
as typhoid fever [13]. The propensity and curapikt still a challenge for Salmonella Typhi infextiin developing
countries hence determining the frequency of inoiaefor this study is important.

MATERIALSAND METHODS

I solation and processing sample

Isolation of Salmonella typhi from the blood and feces was carried out usingdstad procedures. Blood specimens
were cultured on blood and chocolate agar followivgrnight incubation at 37°C in Robertson's cookeesht
medium and Liquid broth. Fresh feces were plateglctly on MacConkey and deoxycholate-citrate agegA) and
also into selenite F broth which was sub culturédraovernight-incubation at 37°C. Further idemtifiion was
based on biochemical reactions and agglutinatiah sgpecific anti sera.

Widal test

Donor sera were screened by slide agglutinatioh $dtmonella enterica serotype Typhi O and H antigens (Difco).
The positive donor sera and all patients’ sera werally diluted in tubes with 08.5% NaCl from @/& 1/6,400,
and antigens (H and O) were added. The tubes wetédbated at 37°C for 2 h and then at room temperatu
overnight and examined for agglutination by an atigbscope. The Widal test was performed for a# th
symptomatic patients; an acute-phase serology veame dvhen the patients were asymptomatic and a decon
(follow-up) serology done 7 to 10 days later.

Confirmation and antimicrobial susceptibility testing of isolates

Antimicrobial susceptibility testing was done byings the Kirby- Bauer disk diffusion method. The lfaling
antimicrobial agents (zone size for resistancepwsed: ampicillin 3Qg (> 17 mm), tetracycline 30y (> 19 mm),
chloramphenicol 3@g (> 18 mm), ceftriaxone 30g (> 21 mm), ciprofloxacin|g (> 21 mm), ofloxacin 1Qg (>
16 mm), norfloxacin 1@ug (> 17 mm), nalidixic acid 3Qg (> 19 mm), and gentamicin 1@ (> 15 mm) (HiMedia
Laboratories Ltd., India). Antibiotic susceptibjlibof the isolates was determined by disc diffusizethod according
to Clinical Laboratory Standards Institute (CLSUlijdglines [14].

Slidetest for the detection of IgM antibodies

Positive sera which showed a titer of 1:320 fora®dd 1:160 for ‘H’ agglutination were subjectedat@imple test
using 2-mercapto-ethanol treatment to detect ferghesence of the IgM antibodies. Two sets of idihg were
prepared, first one 100mcl of serum was added W®mcl of ‘0’ antigen, in second set 100mcl of serwas
added with 100mcl of 0.2 M of 2-mercapto-ethandl &ft for 10 min after that 100ul of ‘0’ antigemas added.
Use of2-mercapto-ethanol selectively destroys Igid eauses a fall in titre.

RESULTSAND DISCUSSION
The dates of fever onset in patients with serofiyeghi ranged from February to March 2002, peakméypril and

May. A total of 58 serotypes of Typhi isolates wenailable for testing. Of the 58 isolates test@®%) were
pansensitive. All of the remaining 34 isolates weesistant to nalidixic acid; 30 were also resistém
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chloramphenicol and tetracycline, and 27 of theseevalso resistant to ampicillin. Two isolates walso resistant
to cefotaxime, one of which was also resistantadloxacin. Among the 57 cases with serologic resuhere was
no statistically significant difference in the typll assay results by sensitivity as defined by pasisivity or
resistance to at least one antimicrobial agent.Syphi it can be seen that the majority tested (51%) doradd
agglutinin titre of <1/20 with 2% having a titre &f160. For 0 agglutinins, 31% had a titre of 1@ 2% had a
titre of 1/160. Based on these data it was decilatian H and/or O agglutinin titre of: 1/320 wolld significant
and indicative of typhoid fever. Using such cri¢ethe levels of H and 0 agglutinins in bacteriotady proven
typhoid cases and cases of non-typhoidal feverdesesrmined.

Out of 10 samples subjected to Mercapto ethanoldteshowed reductions and 6 sera were negativéhéotest.
About 84% of typhoid fever cases had a signifidafidal test result. The test was more sensitivecfaldren than

for adults at each cutoff for both O and H antigbnswas less specific at O- and H-antigen titérs0®. In adults,
the sensitivity for both O and H antigens increasgtth the duration of illness before admission bnirast, only
2.8% of patients with non-typhoidal fever showesignificant Widal reaction. Of the 19 typhoid fevarses which
gave a normal Widal test result, five had beentéatavith full courses of antibiotics (chlorampheni)¢c four
patients remained febrile even after 10 days obréiquinolone therapy but were observed sensitive to
chloramphenicol. There was no significant relatibpsbetween the Widal test results and a historypbdr
antibiotic therapy.

Researchers continue to search for the ideal regsidto diagnose acute typhoid fever. Several uessays have
been developed [15], although none has proved aptiBalmonellae are divided into serological groopsthe
basis of O or somatic antigens. Group D organismduding Styphi, possess O-antigen 9. Cross-reactions,
producing a false-positive O-antigen titer in thed® test, can therefore occur with any of thesetgpes [16, 17].
Styphi agglutinins against both H and 0 antigens mayreegmt in the normal population at titres of udtb60.
This finding is in agreement with a study carried m Sri Lanka, another endemic area, where aggtutitres of

up to 1/80 were discovered even in the normal pimn. The earliest serological response in agytlkedid fever is

on rise in the titer of the O antibody, with anveliton of the H-antibody titer developing more slpbut persisting
longer than that of the O-antibody cutoff titervel

Figure: 1
Duration of fever onset for Salmonella Typhi infection
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In this study, 17% of patients with blood culturesjiive typhoid fever had no detectable O antibediea cutoff
titer of 100, and 33% had any detectable H antidmdt a cutoff titer of 100. Although these pasemtay have had
antibodies at a lower titer, it is well recognizéit patients with confirmed typhoid fever may haveegative
Widal test throughout the course of their illnesi$hough the proportion has varied in differentarp [18]. This

lack of antibody response among patients with blogtlure-positive typhoid fever has been attributedndefined

host or bacterial factors or prior antibiotic treant. Mercapto ethanol test was performed to dégddtantibodies

in Widal positive sera, where the titre is on tleeder line between significant titre and normaldlogopulation due
to various reasons [19, 20]. The presence of Iglnievidence of recent infection and the 6 serathagfor the

test had only IgG antibodies indicating past irfet{21]. With the recent sequencing of the ensieeotype Typhi

genome, it may now be possible to identify othdrgems, such as fimbrial antigens, that may prodarcantibody
response specific to serotype Typhi [22]. More sstptated molecular techniques for diagnosis, saagfPCR, are
also being explored and implemented.

CONCLUSION

Several factors have contributed to this uncenaditexactly identifying Typhi infections. Theseclnde poorly
standardized antigens, the sharing of antigenierdehants with other Salmonellae serovars and ffeste of
treatment with antibiotics and previous immunizatigith TAB vaccine. It is a tube dilution test whimeasures
agglutinating antibodies against the lipopolysacicleaO and protein flagellar H antigens $ftyphi. The value of
the test for the diagnosis of typhoid fever hasnbaebated for as many years as it has been awailalid clear that
any interpretation as to the significance of a Wigsat result must be made against these "baseiiriefmation
titres of H and 0 agglutinins and need to be imetgul against a baseline titre in normal individualing in the
same geographical location. A result that appeabe a false-positive test compared to a blootleiimay in fact
be completely positive. A false-positive may be tiesult of past infection with serotype Typhi oother non
typhoidal Salmonella serotype that shares common antigens. This situatiay occur because the acute-phase
sample was obtained late in the natural historthefdisease, because of high levels of backgrontidaglies in a
region of endemicity, or because in some individuhe antibody response is blunted by the earlyiridtration of
an antibiotic course. This change in pattern oicepsbility was reflected even in places far awsych as the
United Kingdom and the United States of Americae Tbility to diagnose typhoid fever on an earlygte
specimen is also of therapeutic value as earlyndisig is vital in typhoid; delay in starting treant may result in
complications such as perforation or hemorrhagthefsmall bowel, which may be fatal. Thus the test be of
diagnostic value in the early stage of diseasetlansl help in reducing morbidity and mortality.
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