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Abstract
Introduction: In the present era, the rapid diagnosis of infectious disease is becoming a challenge to the medical field. At
this setup, the most common infectious diseases are considered for rapid, accurate diagnosis. Salmonella is one of the most
common needed infectious agents to be identified as early as possible.
Aim: To identify a specific and sensitive technique for early diagnosis of enteric fever thereby to reduce morbidity and mortality
associated with the disease.
Materials and Methods: A total of 100 clinically suspected enteric fever cases were tested by blood culture, co-agglutination
method, Widal test, and polymerase chain reaction (PCR). For co-agglutination method, blood culture supernatant, urine, and
serum were used.
Results: Culture positive for Salmonella species was found to be 7.5%. Salmonella typhi was the predominant isolate (86%).
S. paratyphi A (14%). Co-agglutination method showed positivity rate of 22.5%. Among the three types of samples, blood culture
supernatant showed maximum positivity. 27% positivity was observed with the Widal test. PCR detected (10.8%) of cases.
Conclusion: Rapid diagnostic test evaluations to date have used blood culture primarily as the reference standard for typhoid
fever diagnosis. Culture provides definitive evidence of infection, but it fails to detect all cases, due to low numbers of the pathogen
in the bloodstream and/or prior exposure to antibiotics. Thus, it is evident that PCR is highly specific, and co-agglutination test
is highly sensitive for the diagnosis of enteric fever.
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INTRODUCTION
Typhoid fever is rare in developed countries but remains
as one of the most prevalent acute infectious diseases
of the developing world.1 It is endemic in India. Enteric
fever is a septicemic disease caused by members of
certain Salmonella serotypes: Salmonella typhi, Salmonella
paratyphi A, and S. paratyphi B. The disease remains an
important public health problem in developing countries.
Access this article online

www.ijss-sn.com

Month of Submission : 04-2016
Month of Peer Review : 04-2016
Month of Acceptance : 05-2016
Month of Publishing : 05-2016

In 2000, it was estimated that over 2.16 million episodes
of typhoid occurred worldwide resulting in 2,16,000 deaths
and that more than 90% of this morbidity and mortality
occurred in Asia.2 In many areas, where the disease is
endemic, laboratory capability is limited. Recent advances
in molecular immunology have led to the identification
of sensitive and specific markers for typhoid fever and
technology to manufacture practical and inexpensive kits
for their rapid detection. However, their limitation paves the
way to continue to search for the ideal rapid test to diagnose
acute typhoid fever. Blood culture is generally recognized
as the best procedure-gold standard for definitive
diagnosis of early typhoid fever. However, positivity is
generally obtained only in about 45-50% patients even in
well-equipped laboratories. Because of these problems, a
number of newer tests such as passive hemagglutination,
counter current immunoelectrophoresis, co-agglutination,
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latex agglutination, fluorescent antibody test, enzymelinked immunosorbent assay, and polymerase chain reaction
(PCR) have been tried for the rapid diagnosis of typhoid
fever. The definitive diagnosis of the disease requires
the isolation of S. typhi from blood, bone marrow, feces,
urine, and other fluids.3 In patients treated with antibiotics,
antigen detection may be the one method available for
diagnosis. Co-agglutination of Cowan-1 staphylococcal
cells coated with specific antiserum, in the presence of
antigen is one of the rapid methods to detect antigen.4
Co-agglutination test can be used to detect soluble antigens
of S. typhi in serum, urine, and blood culture supernatant.
PCR is another new diagnostic test, which helps in the
early detection of S. typhi from specimens such as blood,
feces, and blood culture supernatant. In this study, blood
culture, Widal, co-agglutination, and PCR were done, and
the relative advantages of each test were evaluated.

Blood culture with co-agglutination test from blood
culture supernatant and widal test have a fair agreement.
(Table 3 and 4)

MATERIALS AND METHODS

Out of 93 cases, seven were culture positive (7.5%). Of
these, the predominant isolate was S. typhi5,6 - 6/7 (86%).
One isolate was S. paratyphi A - 1/7 (14%). Thus, this study,
which shows an isolation rate of 7.5% correlates well with
the study conducted by Rao, from India which showed
positivity of 7.6%.7 The isolation rate of this study was
higher than the isolation rate given by Andualem et al.8 4.1%
from conventional media. In contrary, studies by Jesudasan
and Sivakumar9 and Saha et al.,10 showed higher positivity.
This may be attributed to the fact that the above said

This cross-sectional diagnostic study was conducted
in a tertiary care hospital for a period of 1-year. Ethics
Committee Approval, patient’s informed consent were
obtained. The study group included 100 clinically suspected
cases of typhoid fever between the age group of 5-65 years.
Patients, with fever for more than 5 days, absence of any
other signs and symptoms suggestive of other fevers were
included. Patients taking drug for fever more than 1 day were
excluded from the study. Blood cultures, Widal reaction,
PCR, and co-agglutination were performed in study patients.

This shows a fair agreement between blood culture and
PCR from BHI broth (Table 6).
Thus, from this study, it is evident that PCR is highly
specific for the diagnosis of typhoid fever.

DISCUSSION
India being in the high incidence zone of enteric fever it is
mandatory for medical personnel to know the appropriate
method for diagnosis. This study focused on four methods:
Two often used methods - blood culture and Widal; and
two new methods - co-agglutination and PCR.

RESULTS
Seven cases excluded from the study due to inadequate
material for PCR. 93 Samples collected from both gender
in the age group of 5-65 years were subjected to blood
culture, Widal, co-agglutination, and PCR (Figure 1).
Out of the 93 samples, blood culture positivity rate was
7.5%. S. typhi was the predominant isolate - 6 (86%)
followed by S. para typhi A - 1 (14% Figure 2).

Figure 1: Distribution of cases as per age and sex

Comparing the results of three samples Serum, Urine
and blood culture supernatant. Blood culture supernatant
shown high positivity than other sample. (Table 1)
Of total 93 samples, one sample was positive after 24 h
from brain heart infusion (BHI) broth. No positives were
seen in 2 h and 4 h samples. However, 9 samples were
positive after 24 h, three samples were positive after 4 h,
and one sample was positive after 2 h of inoculation in the
buffered peptone water (BPW).
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Figure 2: Comparison of all four methods
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organization being a reference center, the cases admitted
there were more selective in nature and hence the high
isolation rate.
In this study, invA and invE genes were used as primers
for detecting Salmonella species. Both BHI and BPW were
used for PCR. Out of 93 samples, 10 (10.8%) were positive
for PCR (Table 2). Of these, five samples were positive
by blood culture also. Of the 10 positive samples, one was
from BHI broth and 9 from BPW. One isolate was positive
within 2 h of incubation (Table 5). This study used invA
gene as probe for PCR, this is in concordance with the study
of Maloney et al.11 Multicenter validation of the analytical
accuracy of the Salmonella PCR and International Standard
concludes that the invA PCR assay using the primer set
139-141 that was originally published by Rahn et al., by
nested PCR demonstrated inclusivity for a wide range of
Salmonella serotypes including all subspecies and exclusivity
for other species and genera. In this study, PCR was able
Table 1: Results of co‑agglutination (n=93)
Results

Serum
(24 h)

Urine
(24 h)

BL culture
supernatant (48 h)

H AH BH O

H AH BH

O

H

AH

BH

Positive 14 15 1 Nil 5 13 1 Nil
Negative 79 78 92 93 88 80 92 93

21
72

18
75

5
88

Nil
93

O

O: S. typhi O antigen, H: S. typhi H antigen, AH: S. paratyphi AH antigen,
BH: S. paratyphi B antigen. S. typhi: Salmonella typhi, S. paratyphi: Salmonella
paratyphi

Positive
Negative

BHI (h)

BPW (h)

2

4

24

2

4

24

0
93

0
93

1
92

1
92

3
90

9
84

BHI: Brain heart infusion broth, BPW: Buffered peptone water, PCR: Polymerase
chain reaction

Table 3: Cross tabulation between co‑agglutination
from blood culture supernatant and blood culture
Co‑agglutination from blood
culture supernatant

Blood culture
Positive

Negative

5
2

16
70

Positive
Negative
McNemar test ‑ P=0.001

Sensitivity
Specificity
Correct classifications
Positive predictive value
Negative predictive value
Kappa agreement (K)
CI: Confidence interval

In this study, using co-agglutination method showed
positivity rate of 22.5%. Mishra et al., have reported
(33.05%)14 from blood culture supernatant. Co-agglutination
method has been described to be more rapid and sensitive
Table 4: Cross tabulation between blood culture
and Widal test
Widal
Positive
Negative

Blood culture
Positive

Negative

4
3

21
65

McNemar test ‑ P<0.0001

Table 2: Results of PCR (n=93)
Results

to detect all the S. typhi isolates except the S. paratyphi A.
This isolate may also have been detected if nested PCR
was used.12 Use of PCR has increased the rapidity and
sensitivity of diagnosing infectious diseases. However,
laborious procedures are needed to eliminate inhibitory
substances in clinical samples during DNA extraction.
This study uses a simple boiling procedure to extract DNA
which has been described by Lin. Combination of PCR
technology with an enrichment procedure dilutes the PCR
inhibitors and yields more number of Salmonella organisms
as stated by Stone et al.13 In this study, one isolate was
positive within 2 h of incubation. Thus, this study proves
that detection of Salmonella organisms as early as 2 h is
possible by this combination method. The current study
has a fair correlation with the study conducted by Rao.7

Estimate (%)

95% CI (%)

71
81
81
24
97
0.28

29‑96
72‑89
71‑88
8‑47
90‑100
0.001

Estimate (%)

95% CI (%)

57
76
74
16
96
0.15

18‑90
65‑84
64‑83
4‑36
88‑99
P=0.001

Sensitivity
Specificity
Correct classifications
Positive predictive value
Negative predictive value
Kappa agreement (K)
CI: Confidence interval

Table 5: Comparison between blood culture and
PCR from BPW broth
PCR BPW
Positive
Negative

Blood culture
Positive

Negative

4
3

6
80

McNemar test ‑ P=0.508. PCR: Polymerase chain reaction, BPW: Buffered
peptone water

Sensitivity
Specificity
Correct classifications
Positive predictive value
Negative predictive value
Kappa agreement (K)

Estimate (%)

95% CI (%)

57
93
90
40
96
0.42

18‑90
85‑98
82‑95
12‑75
90‑99
P=0.001

CI: Confidence interval
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test. PCR proved to be highly specific for the diagnosis of
enteric fever and can be used in patients who are culture
negative.

Table 6: Cross tabulation between blood culture
and PCR from BHI broth
PCR
Positive
Negative

Blood culture
Positive

Negative

1
6

0
86
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