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Abstract:

This study was carried out to evaluate and compare of three clinical
techniques which included (Serology-Hematology tests (Widal and
WBC count tests), Blood culture, and Polymerase Chain Reaction
“‘PCR”) for detection of Salmonella enterica serovar typhi (S. typhi)
from fresh blood specimen of suspected patients with typhoid fever.
The positive results for detection of S. typhi, that were obtained from
these techniqgues were showed in 192 case (75%), 124 case
(48.4%), and 117 case (46.1%) for PCR, Blood culture, and serology-
hematology tests respectively from total 254 case of suspected
patients infect with typhoid fever were collected in the period of
February—June 2011from Al-Kadhimiya Teaching hospital.

When evaluated of this techniques were positive employed (n=232),
was show high sensitivity (82.8%) of PCR with higher significant (P <
0.01) while blood culture and Widal test have only (53.45, and
50.43% of sensitivity respectively).
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Introduction:

Typhoid fever is an acute systemic disease resulting from infection
with Salmonella enterica serovar typhi (S. typhi) which is a member
of Enterobacteriaceae consist of more than 2500 serovar @, that
infect humans and animals to causes spectrum of disease ranging
from systemic infection to gastroenteritis, depending on the particular
bacterial serovar and the host species infected . S. typhi is gram
negative, non-spore forming, rode, and motile bacteria ®. Typhoid
can be diagnose by a clinical picture compatible with typhoid and
significant titer of agglutination antibodies in the blood against H
and/or O antigen of S. typhi ©.

The isolation and identification of S. typhi from blood is one of the
diagnostic methods of choice for typhoid ®. But they are labor-
intensive and time-consuming which are not suitable for routine
testing of large numbers of samples ©. However, diagnosis of
typhoid fever especially in endemic areas where clinical distinguish of
typhoid from other febrile illnesses are difficult . Polymerase chain
reaction (PCR) is a rapid, sensitive and specific assay for the
detection of foodborne pathogens such as Salmonella species
especially S. typhi from different biological samples @, this technique
would be a highly valuable tool for the rapid identification of acute
and chronic typhoid infection © 19,

For this purpose, rapid detection method (PCR) was used and
compared with conventional methods (Serology-Hematology tests
(Widal and WBC count tests), and Blood culture) for detection of S.
typhi from fresh blood specimen of suspected patients with typhoid
fever.



Material and Methods:

Selection of the clinical cases:

This study included 254 patients represented (124 males and 130
females) with age ranged from 6-60 years, and clinical suspected
case of typhoid that came from Al-Kadhimiya Teaching hospital.
Blood samples for culture, DNA extraction, and serologic analysis
were collected from all patients on the same day or within 1-2 days
after the first consultation.

Isolation of the bacterium:

Five milliliters of freshly blood was collected and placed in 15mL of
Blood culture system (Hi-media) which containing Brain Heart
Infusion Broth (BHIB) medium with 0.05% sodium polyanethole
sulfonate (SPS), and incubated for 7days at 37°C.

One milliliter of this culture was plated on Salmonella Shigella (SS)
agar and Bismuth sulfate agar (BSA) (Hi-media, India) than
incubated for 24hr. at 37°C, and examined for bacterial growth by
Gram staining and complete identification by biochemical testing and
rapid identify system (EPI 25).

Serologic analysis:

The Widal test with O and H antigens (Linear, Spanish) was
performed and interpreted according to routine laboratory
procedures. A titer 1:160 was considered positive result.
Hematological investigations:

Total leucocytes count and differential leucocytes count were
performed and interpreted according to routine laboratory

procedures.



Isolation of genomic DNA:

Genomic DNA from patients blood and cultured bacterial were
extracted according to the protocol’'s instructions of Wizard kit for
isolate and identifies of DNA (Promega, USA), the purity of the
extracted DNA was checked either by measurement A260 and A280
or by electrophoresis.

Molecularanalysis:

PCR primers: Two pairs of oligonucleotide primers according to
@D were used in this study synthesized by Alpha DNA synthesizer
which includes: forward primer (ST1): 5-ACTGCTAAAACCACTACT-
3', reverse primer (ST2): 5-TTAACGC AGTA AAGAGAG-3' which
were used in the first round of PCR to amplify a 458-bp fragment
correspond to nucleotides 1072 to 1089 and 1513 to 1530,
respectively. Second oligonucleotides primer includes forward primer
(ST3): 5-AGATGGTACTGGCGTTGCTC-3' and reverse primer
(ST4): 5-TGGAGAC TTCGGTCGCG TAG-3' which were used in the
nested PCR on the amplified products from the first PCR to amplify a
343-bp fragment correspond to nucleotides 1092 to 1111 and 1416
to 1435, respectively.

PCR condition:

500ul of reaction mixture supplied from (Promega, USA) was
prepared for 20 samples (25ul for each one) contain100pul of 1x PCR
buffer, 20ul (25pmol) for each primer ST1 and ST2, 10ul (200uM) for
each of DNTP (deoxyribonucleic triphosphate), 65ul (0.625U) of
GoTag® DNA polymerase, 40ul (2ug) of DNA template, and water to
a final volume of 500pl. The first round amplification was carried out
in a thermo cycler (eppendroff®, USA) under the following conditions:
40 cycles represented by 1min of denaturation at 94°C, 1min of
annealing at 63°C, and 1min of extension at 72°C. The nested PCR
master mix and amplify condition was the same as that accomplished
of the first round of PCR. To separate amplified products, 5ul of
solution product and molecular size markers (1kb DNA ladder)

supplied from Promega(USA) were electrophoresed on a 1.5%
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agarose gel in TBE (Tris-borate-EDTA) buffer at 80V for 90min., and
then the gel were stained with Ethidium bromide (EB), and the band
were visualized under UV illumination.

Statistical analysis:

The statistical analysis was calculated by t test was applied to
determine the significance differences between the clinical
techniques.

Results:

Three diagnostic methods represented in PCR, blood culture and
Widal/WBCs count tests were used to compared and diagnose the
suspected cases of 254 patients with typhoid fever were presented in
Table (2).

The results in the table (1) were showed the diagnosis of typhoid
infection for 232 from 254 suspected cases. The PCR and blood
culture were showed positive result in 192 case (75.6%) and 124
case (48.8%) respectively, while 117 suspected cases were
observed positive (46.1%) according to a titer antibody against
somatic (O) and/or flagella (H) antigens of =1:160 with WBCs
counting test from the 254 suspected cases and 8 cases (40.0%) of
healthy persons were observed positive of Widal test whereas 12
cases (60.0%) were observed negative for all tests. Negative test
results in blood culture and PCR on blood were obtained for 22
patients with a diagnosis of typhoid fever. The positivity of PCR was
found highly significant (P < 0.01) obtained from blood culture and
Widal/WBCs count tests.



Table (1) Three diagnosis methods (PCR, blood culture and Widal / WBCs count tests) on blood

of suspected typhoid fever patients
No. of cases with typhoid PCR BC Widal test and |Mean duration
Male Female WBCs count of illness
(days)
25 17 + + + 9.5
28 25 + + - 3.7
20 9 - + + 8.5
26 36 + - - 9.1
20 15 + - + 9
6 5 - - + 5.3
0 22 - - - 7
124 130 (+) = (+) =124/232 | (+) =117/232 7
192/232
- - + 7
Control - - - 6.5
(+)=0/20 (+)=0/20 (+)=8/20 7
Probability 1vs.2=S 2vs.3=S 1vs.3=NS
When: (+) is positive result, (-) is negative result, (S) is significant and (NS) is non-
significant.

To evaluate the diagnosis of suspected typhoid patients that were
showed positive result by the three tests employed (n = 232), the
PCR revolved sensitivity of 82.8%, while blood culture and Widal test
were 53.45% and 50.43% respectively, in diagnosis of suspected
typhoid patients compared to control (Table 2) according to the

statistical analysis between these diagnostic methods.




Table (2) The statistical analysis to evaluate of three diagnosis methods (PCR, blood culture
and Widal / WBCs count tests) results onto blood of suspected typhoid fever patients (n=254)

Test
Diagnostic Sensitivity | Specificity (%) | (PV+) | (PV-) | (LR | (LR-
methods (%) +) )
PCR Y8 700.0 Y00.0 | Yo.eATA | o | 0.V
BC 5¥ 5 700.0 Y00.0 | VAT | o | 0.8V
Widall WBC 5o v 700.0 Y00.0 | 16.0584 | = | 0.°
count

When: (PV+) is positive predictive value, (PV-) is negative predictive
value, (LR+) is likelihood ratio for a positive test result, (LR-) is
likelihood ratio for a negative test result,(«) is infinity value.

Discussion:

Typhoid fever is one of the most common infectious diseases in most
developing countries. Early and definitive diagnosis of the disease is
not only important in relieving patients’ suffering, but also critical in
avoiding fatal complications such as intestinal perforate. It also
makes possible specific treatment at an early stage, which leads to
the rapid elimination of the pathogen. Otherwise, and the chronic
patient’s excreta, especially stool, become a constant source of
spread of the disease 2.

The positivity of PCR result is agreement with the previous findings in
few reports on the application of PCR in the diagnosis of typhoid
fever in endemic areas which showed that the similar or lower
sensitivity than that observed in the present study.
The reasons of highest sensitivity was found in the present study
might be to DNA extraction and a slight modification of the
recommended DNA extraction protocol and ensured the presence of
at least 1 bacterium in the sample ™. Further, the inhibitors of PCR
like hemoglobin were eliminated by repeat lysis of RBCs step when
extraction of DNA. Additional to the high specificity and sensitivity of
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primer used in the present study to detect of fliC gene of flagella of S.
typhi, when the single round of PCR with ST 1 and ST 2,
amplification products of the expected size 458bp were shown only
from the extracts of S. typhi strains but not from the DNA extracts of
other organisms . The PCR resulted in amplified fragments that
were visible after agarose gel electrophoresis (Figure 1).

Figure (1) Detection of the flagellin gene of S. typhi by PCR. Amplification products of
458bp from the single round of PCR were analyzed by electrophoresis through a 1.5%
agarose gel for 90 min. at constant 80 V., Lanes 1 is Positive control DNA isolated from S.
typhi; lanes 2 to 9, were seen the amplify products with the first round of PCR to DNA
extracts sample from suspected typhoid blood patients; lanes 10 is negative control
containing master mix without DNA samples; and Lanes 11 is molecular weight marker (1-
kb ladder) (DNA ladder).

The negative predictive value result of PCR was revealed clearly
compared to the blood culture. As well as, some of the cases that
showed positive result exclusively by the Widal test may not be true
cases of typhoid, the study finding 70% of these cases that recorded
as (PV-) may be less than the actual rate of positivity.

For assigning a test to be of clinical utility, it was recommended that
the LR" and LR™ of the test should be = 10 and < 0.1, respectively
@3 In the present study, the LR and LR of PCR were found to be «
and 0.17, respectively.



Serologic-Hematology analysis with  Widal/WBCs count tests
considered a quickly result and made it a deficiency method, that
limited value of the sensitivity were titer 21:160 compared with that
obtained from blood culture and the PCR. Furthermore that value is
lower than the sensitivity of 47.5% reported for the Widal test in other
studies 9.

The low sensitive of Serologic-Hematology analysis was partial
observations by the relative high proportion of tested patients at early
stage of the disease who presumably have not developed significant
levels of specific agglutinin antibodies because its require 6-12 days
to appears after the onset of the disease and can be detectable
levels ® and that reasons could be appearance of 53 case were
negative for widal test but it were positive of PCR and blood culture
(mean day of presentation of 3.7 days) (Table 1). Moreover, the
specificity of the Widal test was high and may be decreases because
high levels of antibodies participate in results of reaction ®”. It was
important to note that a total of 11 cases and 8 cases were positive
by Widal test at this titer but were negatively by PCR and blood
culture of suspected typhoid patient and control respectively, these
observations due to anamnestic response and could be false
positives of Widal test 9.

Blood culture was the standard method for diagnosis of typhoid fever.
The isolation rate of S. typhi with standard culture techniques is
between 40-70% “9. In this study, blood culture was positive in 124
(48.8%) from 254 clinically suspected typhoid patients and positively
blood culture was higher significantly (P < 0.01) than that found in
Widal/WBCs count tests.

The sensitivity of blood culture was (°Y.¢5%) and it's less than of
PCR, due to various factors such as few numbering of bacteria
needed to cause severe infection, which can be as low as 10 cell/ml
2 Hence; positive culture yields were very low and elude definitive
diagnosis and this demonstration why the presence of 62 case was
negative for blood culture but they were positive of PCR only and 35
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case was negative for blood culture but positively of PCR and Widal
/WBCs count tests respectively (Table 1). Other limiting factors, are
the bacteriostatic effect of antibiotics, nature of culture medium, time
of blood collection because the sensitivity of blood culture was
highest at first week of the illness and reduced with advancing illness
so it could why the presence of 62 cases were negative by Widal test
and blood culture but were positive exclusively by PCR, (mean day of
presentation of 9 days) (Table 1), in additional to, the host’s immune
response system, and the intracellular characteristics of S. typhi 9.
However, blood culture was time consuming and takes at least 2 to 5
days until the identification of the organism and several factors may
contribute to failure to isolate of the organism from blood, including
inadequate laboratory media, the volume of blood required for
culture, and the presence of antibiotics 9. From the totaling
samples, twenty two cases were negative for three diagnostic
methods, that result may be referring to either of false positive of
clinical features and/or infection with other species of Salmonella

such as S. paratyphi A V.

Conclusion:

The observed results suggest that the PCR technique can be used
in the early diagnosis of typhoid fever as a considering super
standard diagnostic method, which will not only reduced morbidity,
mortality, and acquisition of the carrier state but will also limited the
transmission of the disease. Furthermore, the blood culture is
sufficient to diagnose suspected typhoid patient in the first week and
the Widal test was seems to be relevant in the second week of illness
at the proposed titer.

11


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gal-Mor%20O%22%5BAuthor%5D

References:
1. Oie, T. (2008). Salmonellosis. Office International Des Epizooties
Retrieved from http://www.oie.int/eng/normes/mmanual/
Salmonellosis. pdf. Accessed on 8.08. 2008.
2. Ravindran, R. and McSorley, S. J. (2005). Tracking the dynamics
of T-cell activation in response to Salmonella infection.
Immunol.,114: 450-458.
3. Thong, K. L.; Cheong, M. Y.; Puthucheary, S.; Koh, C. L. and
Pang, T. (1994). Epidemiologic analysis of sporadic Salmonella typhi
isolates and those form outbreaks by pulsed-field gel electrophoresis.
J. Clinic. Microbiol.32:1135-1141.
4. Mussa, A. (2011). Reassessment of Widal test in the diagnosis of
Typhoid Fever. Diyala Journal of Medicine. 1(2): 13-25.
5. Parry, C. M.; Hien, T. T.; Dougan, G.; White, N. J.; and Farrar, J. J.
(2002). Typhoid fever. N. Engl. J. Med. 347(22):1770-1782.
6. Hannover, T. H. (2009). Comparison between detecting
Salmonella spp. by bacteriological method and Real-Time PCR
assay in samples from pig herds. In: Somyanontanagul, N.; Nathues,
H.; Tegeler, R.; and Blaha, TH. (eds.) (2008). Oral Proceedings of
the 20" International Pig Veterinary Society Congress, Durban,
South Africa.
7. Sheikh, A.; Saruar Bhuiyan, M.; Khanam, F.; Fahima Chowdhury,
F.; Saha, A.; Ahmed, D.; Jamil, K. M. A.; Larocque, R. C.; Harris, J.
B.; Ahmad, M. M.; Charles, R.; Brooks, W. A.; Calderwood, S. B,;
Cravioto, A.; Ryan, E. T.; and Qadri, F. (2009). Salmonella enterica
Serovar typhi-Specific Immunoglobulin A Antibody Responses in
Plasma and Antibody in Lymphocyte Supernatant Specimens in
Bangladeshi Patients with Suspected Typhoid Fever, Clinical and
Vaccine Immunology. 16 (11):1587-1594.

12


http://www.oie.int/eng/normes/

8. Nga, T. T.; Karkey, A.; Dongol, S.; Thuy, H. N.; Dunstan, S,;
Holt, K.; Phuong, Tu L. T. , Campbell, J. I.; Thuy Chau, T.; Chau,
N. V. V.; Arjyal, A.; Koirala, S.; Basnyat , B.; Dolecek, C.; Farrar, J.
and Baker, S. (2010). The sensitivity of real-time PCR amplification
targeting invasive Salmonella serovars in biological specimens. BMC
Infect. Dis. 10: 118-125.

9. Ismail, A. B. (2009). Innovative approaches towards development
and utilization of DNA diagnostics for Salmonella typhi. Institute for
Research in Molecular

Medicine, PhD. Dissertation. Univer. Sains Malaysia. Malaysia.

10. Zhou, L. and Pollard, A. J. (2010). A fast and highly sensitive
blood culture PCR method for clinical detection of Salmonella
enterica serovar typhi. Annals of Clinical Microbiology and
Antimicrobials. 9:1-14.

11. Song, J.; Cho, H.; Park, M. Y.; Na, D. S.; Moon, H. B.; Pai, C.
H.(1993). Detection of Salmonella typhi in the blood of patients with
typhoid fever by polymerase chain reaction. J. Clinic. Microbiol.
31(6):1439-1443.

12. Haque, A.; Phil, j. A. M.; and Qureshi, A. J. (1999). Early
detection of typhoid fever by polymerase chain reaction. Ann Saudi
Med., 19(4):337-340.

13. Wain, J.; Diep, T. S.; Ho, V. A.; Walse, A. M.; Hoa, N. T. T;
Parry, C. M.; and White, N. J. (1998). Quantitation of bacteria in
blood of typhoid fever patients and relationship between counts and
clinical feature, transmissibility, and antibiotic resistance. J. Clinic.
Microbiol., 36:1683-1687.

14. Hatta, M.; and Smits, H. L. (2007). Detection of Salmonella typhi
by nested polymerase chain reaction in blood, urine, and stool. Am.
J. Trop Med. Hyg., 76(1):139-143.

13



15. Greenberg, R. S.; Daniels, R. S.; Flanders, W.D.; Eley, J. W.; and
Broing, J. R.(1996). Diagnostic testing. In: Medical Epidemiology.
New York; McGraw-Hill. Pp.:77-88.

16. Ismail, T. F. (2006). Rapid diagnosis of typhoid fever. India J.
Med. Res., 123:489-492.

17. House, D.; Bishop, A.; Parry, C.; Dougan, G.; and Wain, J.
(2001). Typhoid fever: pathogenesis and disease. Curr. Opin. Infect.
Dis., 14:573-578.

18. Ambati, S. R.; Nath, G.; and Das, B. K. (2007). Diagnosis of
typhoid fever by polymerase chain reaction. Indian Journal of
Pediatrics. 74:909-913.

19. Van de-Vosse, E.; Hoeve, M. A.; and Ottenhoff, T. H. M. (2004).
Human genetics of intracellular infectious diseases: molecular and
cellular immunity against Mycobacteria and Salmonella. Lancet Infect
Dis. 4:739-749.

20. Wain, J.; and Hosoglu, S. (2008). The laboratory diagnosis of
enteric fever. J. Infect. Developing Countries. 2(6):421-425.

21. Gal-Mor, O.; Suez, J.; Elhadad, D.; Porwollik, S.; Leshem, E.;
Valinsky, L.; McClelland, M.; Schwartz, E.; and Rahav, G. (2012).
Molecular and cellular characterization of a Salmonella enterica
serovar paratyphi A outbreak strain and the human immune
response to infection. Clinic. Vaccine Immunol., 19 (2):146-156.

14



