EARLY DETECTION OF TYPHOID BY POLYMERASE
CHAIN REACTION
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Background: Typhoid is a common problem in developing countries. Cultivation of bacteria and serology
(especially Widal test) give unacceptable levels of false-negative and false-positive results, respectively.

Patients and Methods: In this study, a recently introduced polymerase chain reaction-based technique (which
has 100% specificity for Salmonella typhi) was compared with blood culture and Widal test during the first

week of illness of 82 suspected cases of typhoid.

Results: The respective figures of positivity for PCR, blood culture and Widal test were 71.95%, 34.1%, and
36.5%. A control group of 20 healthy persons gave figures of 0%, 0%, and 33.3%, respectively.
Conclusion: We conclude that this PCR-based technique is not only absolutely specific, but also very sensitive
and, therefore, much superior to blood culture and Widal test for the early diagnosis of typhoid.
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Typhoid is a mgjor health problem throughout the world.
Globally, there are more than 21 million cases of typhoid
each year, with more than 700,000 deaths.” It is especialy
prevalent in developing countries such as Pakistan. Early
detection of the disease is very important for its control,
but unfortunately, definitive diagnostic procedures are not
available.

Different techniques are used for the diagnosis of
typhoid, including blood culture, bone marrow culture,
rectal swab culture, urine culture, rose-spot culture,*
duodenal string culture,®® Widal test,”® ELISA,” and
immunofluorescence.’® Widal test and blood culture
remain the only universally practiced diagnostic
procedures, because other methods are either invasive,
have failed to prove their utility, or are expensive.

Widal test is quite sensitive but has become highly
nonspecific. In a study in Peru,” O and H antibodies were
found to be raised in 30% and 75%, respectively, of the
normal population. In another study in Pakistan,"* Widal
test was positive in 28% of the general population.
Another shortcoming of the Widal test is that it becomes
positive only in the second week of illness, so its value for
early detection of the disease is limited.

Blood culture is positive in the first week but its utility
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is restricted by the very low numbers of bacteria causing
severe disease (which may be less than 10/mL). As a
conseguence, blood culture can detect only 40%-45% of
cases, and even if antibiotic treatment has not been
administered, the rate of detection is not more than 70%."
Molecular techniques, asis the case in blood culture, target
the pathogen itself (not antibodies produced against it), so
they can be useful for the early detection of the disease.
Hybridization by using DNA probes was the first
molecular biology technique used for the diagnosis of
typhoid fever. It is specific but its sensitivity is poor.****
The advent of PCR technology has provided unparalleled
sensitivity and specificity for the diagnosis of typhoid.*>

We thought that PCR might be an excellent tool for the
early diagnosis of typhoid. Clinically suspected cases of
typhoid who had had fever for less than three days and had
not received any anti-typhoid therapy were included in this
study. PCR (by targeting the flagellin gene), blood culture
and Wida test were performed on samples from these
cases to evaluate their relative utility, specificity and
sensitivity.

Materials and M ethods

Criteria for Selection of Patients

Patients included in this study had fever for less than 3
days, had had no anti-typhoid treatment, or any condition
suggestive of typhoid (soft enlarged spleen, headache, and
abdomina discomfort with diarrhea). Members of both
sexes representing al ages were included. The control
group constituted 25 healthy individuals with no recent
history of fever.
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Bacterial Srains and Cultivation

Two pure strains of Salmonella typhi (STK-1 and STK-
2) provided by the Department of Microbiology, University
of Karachi, were used for the standardization of PCR
conditions and as reference strains. Two mL of blood were
inoculated into a culture bottle containing 16 mL of
trypticase soy broth (Difco) with 0.02% SPS (sodium
polyanethanol sulfonate), and incubated at 37°C for 72
hours. From the broth culture, biochemical identification
was done by conventional procedures,*” and confirmation
was carried out by PCR. Widal test was performed by tube
method according to the manufacturer’ s instructions, using
reagents provided by Biosystems (Barcelona, Spain).

Extraction of DNA from Bacterial Cultures

Brain heart infusion broth was inoculated with stock
culture, and incubation was done at 37°C for 24 hours.
After centrifugation of 3 mL of culture at 5000 rpm for one
minute, the supernatant was removed and the pellet was
resuspended in 360 pL of TE buffer (pH 8.0) containing
0.1% proteinase K, and kept at 37°C for 30 minutes. It was
followed by the addition of 10% SDS and incubation at
65°C for one hour. DNA was extracted by conventional
phenol/chloroform method, followed by RNase treatment
for the removal of contaminating RNA. Its purity was
checked by measurement of A, and Aogg and agarose gel
electrophoresis.

Extraction of DNA from Blood Samples

One mL of blood containing 20 mM potassium EDTA
as anticoagulant was centrifuged at 10,000 rpm for 5
minutes. Plasma was separated for serology. One mL of
lysis buffer (0.2% Triton X100 in Tris HCI pH 8.0) was
added to the pellet. The mixture was gently aspirated
several times to effect hemolysis. The tube was centrifuged
a 12,000 rpm for 6 minutes, the supernatant was
discarded, and the procedure was repeated once. The pellet
was washed once with distilled water. After the removal of
the supernatant, the pellet was resuspended in 20-30 pL of
distilled water. The tubes were sedled, kept in boiling
water for 20 minutes, and brought back to room
temperature before being used as atemplate for PCR.

Contamination Precautions

Cultures, DNA extraction and PCRs were performed in
separate rooms, using different sets of pipettes and tips.
For further safety, all the reagents used in the PCR were
aliquoted, so that an aliquot was used only once and then
discarded.

Primers

First reported by Song et a.’* and modified by
Frankel,*®* primers which target the flagellin gene of
Salmonella typhi were synthesized on Pharmacia LKB,
Gene Assembler Special. Oligonucleotides ST1 (5-
TATGCCGCTACATATGATGAG-3) and ST2 (5-
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TTAACGCAGTAAAGAGAG-3), which were used for
regular PCR to amplify a 495 bp fragment, corresponded
to nucleotides 1036-1056 and 1513-1530, respectively, in
the flagellin gene of Salmonella typhi. For nested PCR,
oligonucleotides ST3 (5-ACTGCTAAAACCACTACT-3)
and ST4 (5-TGGAGACTTCGGTCGCGTAG-3) were
used to amplify a 363 bp fragment corresponding to
nucleotide 1072-1089 and 1416-1435, respectively, of the
same gene.

PCR Conditions

For regular PCR, 100 pL DNA amplification mixture
contained 10 mM Tris HCI (pH 8.3), 50 mM KCl, 1.5 mM
MgCl,, 0.01% gelatin, 150 pmol of each primer, 95 nmol
of each dNTP, 1 pL of Ampli Taq, 20 pL of template, and
digtilled water to make up the volume. Using a thermal
cycler (Perkin-ElImer Gene Amp PCR system 2400), the
reaction mixture was subjected to 30 cycles of 1 minute
each at 94°C, 63°C and 72°C, followed by heating at 72°C
for 7 minutes. For nested PCR, conditions were the same,
except that a 1.5 dilution of amplified product was used as
template.

Detection of PCR Products

A reaction mixture of 10 pL was fractionated
electrophoretically in 2.5% agarose gel containing 0.5 g
of ethidium bromide per mL, and was photographed by
using Eagle Eye (Strategene). PCR was performed in
duplicate for each sample. A positive control representing
5 bacteria/mL of Salmonella typhi, and a negative control
without any DNA were aso included in each lot.

Results

Determination of Sensitivity of PCR

DNA was extracted from the culture of the reference
strain STK-1 and STK-2 by phenol/chloroform method,
and seria dilutions were made in distilled water. Each
dilution was used as template for PCR. The calculations
were made according to the recommendations of Song et
al.’® The results showed that regular PCR had a sensitivity
of 10° bacteria/mL, whereas nested PCR could even detect
5 bacteria/mL.

Comparison of PCR, Blood Culture and Widal Test in
Healthy Persons

This group had had no history of fever for the last six
months. It was used as a negative control. PCR and blood
culture were negative in all 25 cases. Widal test (with a
titer of more than 1:160 for Salmonella typhi O antigen)
was positive in as many as 11 (44%) persons. The results
aregivenin Table 1.

Comparison of PCR, Blood Culture and Widal Test in
Suspected Cases of Typhoid
The patients included in this group represented both



TaBLE 1. Comparative study of PCR, blood culture and Widal test in
healthy individuals.

Cases PCR Blood culture Widal

11 _ _ "

14 — - -

25 0 0 9 (44%)

Positive Widal test is a titer of 1:160 or above for Salmonella typhi O
antibody.

TaBLE 2. Comparative study of PCR, blood culture and Widal test for
early diagnosis of typhoid.

Cases PCR Blood culture Widal
12 + + +

15 + + -

13 + — +

19 + - -

01 - + +

04 - -

18 - - -

82 59 (71.9%) 28(34.1) 30 (36.5%)

Positive Widal test is a titer of 1:160 or above for Salmonella typhi O
antibody.

TaBLe 3. Comparison of PCR, blood culture and Widal test for dif-
ferent groups of study.

PCR (%) Blood culture (%)  Widal (%)
Control group | (healthy 0 0 44.0
persons)
Typhoid patients 719 341 36.5

sexes and al ages. They had suspected typhoid fever of
less than three days' duration and had not taken any anti-
typhoid drug. The results are given in Table 2. Out of 82
cases, 12 (14.6%) were positive for al three parameters;
15 (18.2%) were positive for PCR and blood culture only;
and 13 (15.8%) showed positivity for PCR and Widal test
but not blood culture. Only PCR was positive in 19 cases
(23.2%), whereas only Widal test was positive in four
patients (4.9%). One (1.2%) patient was negative for PCR
but positive for both blood culture and Widal test. There
were 18 (21.9%) cases which were negative for al three
parameters.

Discussion

Typhoid fever is one of the most common infectious
diseases in developing countries. Early and definitive
diagnosis of the disease is not only important in relieving
patients suffering, but also critical in avoiding fata
complications such as perforation of the intestines. It aso
makes possible specific treatment at an early stage, which
leads to the rapid elimination of the pathogen. Otherwise,
the patient’s excreta, especialy stool, becomes a constant
source of spread of the disease.

Although various diagnostic techniques have been
used, Wida test and blood culture are the most favored
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methods. Wida test is not a candidate for early detection
of the disease because specific antibodies take at least one
week to reach detectable levels. Beside these shortcomings,
its value is further diminished by its nonspecificity. It is
particularly unreliable with single titers.®

Blood culture has the promise of diagnosis in the first
week and is very specific, but its sengitivity is poor due to
various factors. The most important factor is the very few
numbers of bacteria needed to cause severe infection,
which can be as low as 10/mL.**% Hence, positive culture
yields are very low and elude definitive diagnosis. Other
limiting factors, beside the bacteriostatic effect of
antibiotics (already administered before the culture sample
is taken), may be the nature of culture medium employed,
the time of blood collection, the host’s immune response
system, and the intracellular characteristics of Salmonella
typhi %

Although detection of Salmonella typhi by using
labeled probes is 99% specific,* its sensitivity is poor
because it cannot detect less than 500 bacteria/mL.*® The
recent introduction of PCR techniques™® offers highly
specific, sensitive and reasonably quick diagnostic
modality. Even 1-5 bacterialmL can be detected with
absolute specificity within 1-2 days.

We decided to check this theoretical promise of PCR in
the actual situation and compare it with Widal test and
blood culture. Widal test was performed as described
above. Although different liquid culture media have been
used for liberal growth of Salmonella typhi, TSB with SPS
remains the best among non-commercia media for routine
blood culture? For polymerase chain reaction, we
preferred to target the flagellin gene because its
hypervariable region VI is unique for Salmonella typhi,
and its amplification provides 100% specificity.'®*® The
aternative method in which the Vi gene is targeted can
give false-positive results because of the presence of
Salmonella paratyphi C.** The sensitivity of the latter has
been reported to be more (5 bacteria/mL) than the former
(10 bacteria/mL). The sengitivity of our regular PCR was
tenfold more than that reported by Song et al.,'® and we
were able to improve the sensitivity of nested PCR to less
than 5 bacteria/mL. The results are given in Tables 1 and
2. Widal test results were insignificantly different from the
healthy group (36.5% and 44%, respectively).

We conclude that PCR is much superior to both blood
culture and Widal test. It has great discriminating value
due to its very high sensitivity and specificity. Therefore, it
can be of singular importance for the detection of early
cases of typhoid, which is not only important for the
treatment of patients but is also necessary for control of the
disease. Due to the need for extensive infrastructure and
specialized skills, the PCR facility cannot be made
available everywhere, especialy in developing countries.
Nevertheless, due to its high sensitivity and specificity, as
demonstrated in this study, it needs to be made available to
everyone by establishing collection centers which can send
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samples to a few specialized reference laboratories built in
larger cities. Another factor to be considered is the
relatively high cost, which is aimost twice that of blood
culture. In fact, due to the rapid and definitive diagnosis,
the patient is saved from hospital admission, loss of
working days, unnecessary expenditure on unrelated and
misdirected treatment which may be many times more than
the cost of PCR. It is believed that in the long run, it will
turn out to be less expensive for both the patient and the
community. Furthermore, due to rapid diagnosis and
definitive treatment, the patient's physical suffering is
reduced to a minimum.

References

1. Thong K, Cheong Y, Puthucheary S, Kaii CL, Pang T. Epidemiologic
analysis of sporadic Salmonella typhi isolates and those from outbresks
by pulse-field gel electrophoresis. J Clin Microbiol 1994;32:1135-41.

2. Gilman RH, Terminel M, Levine MM, Hernandez-Mendoza P, Hornick
RB. Relative efficacy of blood, urine, rectal swab, bone-marrow, and
rose-spot cultures for recovery of Salmonella typhi in typhoid fever.
Lancet 1975;1:1211-3.

3. Rockhill RC, Rumans LW, Lesmana M, Dennis DT. Detection of
Salmonella typhi D, Vi, and d antigens, by dide coagglutination, in
urine from patients with typhoid fever. J Clin Microbiol 1980;11:213-6.

4. Watson KC. Isolation of Salmonella typhi from the blood stream. JLab
Clin Med 1959;47:329-32.

5. Avendano A, Herrera P, Horwitz |, Duarte E, Prenzel |, LanataC, et al.
Duodena string culture: practicaity and sensitivity for diagnosing
enteric fever in children. JInfect Dis 1986;153:359-62.

6. Hoffman SL, Edman DC, Punjabi NH, Lesmana M, Cholid A, Sundah
S, et a. Bone marrow aspirate culture is superior to streptokinase clot
culture and 8 ml 1:10 blood-to-broth culture for diagnosis of typhoid
fever. Am J Trop Med Hyg 1986;35:836-9.

7. Levine MM, Grados O, Gilman RH, Woodward WE, Solis-Plaza R,
Waldman W. Diagnostic value of the Widal test in areas endemic for
typhoid fever. Am J Trop Med Hyg 1978;27:795-800.

8. Wicks ACB, Cruickshank JG, Musewe N. Observations on the

340 Annals of Saudi Medicine, Vol 19, No 4, 1999

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

diagnosis of typhoid fever in an endemic area. S Afr Med J 1974;48:
1368-70.

Carlsson HE, Lindberg AA, Hammarstorm S. Titration of antibodies to
Salmonella O antigens by enzyme-linked immunosorbent assay. Infect
Immun 1972;6:703-8.

Svenungsson B, Jorbeck H, Lindberg AA. Diagnosis of Salmonella
infections: specificity of indirect immunofluorescence for repid
identification of Salmonella enteriditis and usefulness of enzyme-linked
immunosorbent assay. J Infect Dis 1979;140:927-36.

Salahuddin N, Mubarak B. Widal test in diagnosis of typhoid. Inf Dis J
1996;3:19.

Guerra-Caceras JG, Gotuzzo-Herenicia E, Crosby-Dagnini E, Miro-
Quesada J, Carillo-Parodi C. Diagnostic value of bone marrow culture
in typhoid fever. Trans R Soc Trop Med Hyg 1979;73:680-3.

Rubin FA, Kopecko DJ, Sack RB, Sudarmono P, Yi A, MaurtaD, et al.
Evauation of aDNA probe for identifying Salmonella typhi in Peruvian
and Indonesian bacterial isolates. JInfect Dis 1988;157: 1051-3.

Rubin FA, McWhirter PD, Punjabi NH, Laane E, Sudarmono P,
Pulungsih SP, et a. Use of a DNA probe to detect Salmonella typhi in
the blood of patients with typhoid fever. J Clin Microbiol 1989;27:
1112-4.

Hashimoto Y, Itho Y, Fujinaga Y, Khan AQ, Sultana F, Miyake M, et
a. Development of nested PCR based on the ViaB sequence to detect
Salmonella typhi. J Clin Microbiol 1995;33:775-7.

Song JA, Cho H, Park MY, Na DS, Moon HB, Pai CH. Detection of
Salmonella typhi in the blood of patients with typhoid fever by
polymerase chain reaction. J Clin Microbiol 1993;31:1439-43.

Edwards PR, Ewing WH. Identification of Enterobacteriaceae. 3rd
edition. Minneapolis, USA: Burgess Publishing Co. 1972:7-20, 146-
258.

Frankel G. Detection of Salmonella typhi by PCR. J Clin Microbiol
1994;32:1415.

Pulvertaft RJV. Bacterial blood cultures. Lancet 1930;i:821-2.

Werner AS, Cobbs CG, Kaye D, Hook EW. Studies on the bacteremia
of endocarditis. JAMA 1967;202:199-203.

GaviriaRuiz MM, Caardona-Castro NM. Evaluation and comparison of
different blood culture techniques for bacteriologica isolation of
Salmonella typhi and Brucella abortus. JClin Microbiol 1995;33: 868-
71

Esi:amilla J, Floretz-Ugarte H, Kilpatrick ME. Evaluation of blood clot
cultures for isolation of Salmonella typhi, Salmonella paratyphi-A, and
Brucella melitensis. J Clin Microbiol 1986;24:388-90.



