ORIGINAL ARTICLE

Utility of Enterocheck as a Rapid Diagnostic Tool for Typhoid Fever in Children

K.C. R, Karn SL?, Gupta MM?, Mahaseth S!

ABSTRACT

Introduction: Typhoid is a major cause of morbidity and mortality worldwide. The annual incidence in the Indian subcontinent
including Nepal has approximately 6 million cases each year. Blood culture is the gold standard for diagnosis but it requires well-
equipped laboratory and trained staffs. Enterocheck is a rapid immunoassay which detects IgM antibodies to lipopolysaccharide
specific to S. typhi in human blood. It is an alternative test which detects early infection. Aims: To study the sensitivity and speci-
ficity of Enterocheck for diagnosing typhoid. Methods: The cross-sectional study was carried out in the department of Pediatrics
and Microbiology at Nepalgunj Medical College Teaching Hospital, Kohalpur, Banke, from August 2023 to February 2024, on 145
children, above 6 months- 15 years of age, who presented with fever for more than 72 hours and other features (e.g. headache,
abdominal pain, vomiting, diarrhea or constipation, hepatomegaly, splenomegaly) suggestive of typhoid fever. Blood culture was
done by aseptic standard method and Enterocheck was done according to the manufacturer’s instructions. Results: Of the 145
cases, 17 (11.7%) had blood cultures positive for S. typhi and 29 (20%) were positive using Enterocheck. Male: female ratio was
2.15:1 and was most common in the age group 5 to 10 years (51.03%). The sensitivity and specificity of Enterocheck was 88.23%
and 89.06% respectively (p-value<0.01). Conclusion: Enterocheck test was easy to perform and did not require special equipment
or trained staffs. It had high sensitivity and specificity. Thus, it can be used as an alternative to blood culture for diagnosis of ty-

phoid fever.
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INTRODUCTION

Typhoid fever (TF) is a systemic febrile illness caused by Salmo-
nella serotypes S. typhi, S. paratyphi A, B and C.! It is a major
cause of morbidity and mortality worldwide, causing about
21 million cases with >600,000 deaths each year, according
to World Health Organization.?® The disease occurs in all age
group with highest incidence among children aged 5 to <15
years.* The annual incidence in South Asia is 976 per 100,000
people and the Indian subcontinent including Nepal has ap-
proximately 6 million cases each year.>® It is transmitted fae-
co-orally and more cases are seen in areas with increased ur-
banization, limited safe water and health systems.? Signs and
symptoms of TF are non-specific. Therefore, laboratory tests
are essential for accurate diagnosis.”® Blood culture is the
gold standard for diagnosis with sensitivity of approximately
40%-60%.° However, it requires well-equipped laboratory and
trained staffs, that are significantly deficient in rural areas of

developing world.®° Widal test has been traditionally used as a
rapid serologic test but it shows moderate sensitivity and spec-
ificity. Therefore, a rapid diagnostic method, which is reliable,
easy to perform, with good sensitivity and specificity, without
need for sophisticated equipment, is needed. Enterocheck is a
rapid immunoassay which works on the principle of immuno-
chromatography for detection of IgM antibodies to lipopoly-
saccharide specific to S. typhi in human blood.**° Detection of
IgM antibodies serve as a good early marker of recent infection
of disease. This study was undertaken to evaluate the role of
Enterocheck test in diagnosis of typhoid fever.

METHODS

The cross-sectional study was carried out in the department
of Pediatrics and Microbiology at Nepalgunj Medical College
Teaching Hospital, Kohalpur, Banke from August 2023 to
February 2024. Ethical clearance was obtained from the Insti
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tutional Review Committee, Nepalgunj Medical College and
Teaching Hospital. The study included 145 children, above 6
months to 15 years of age, who presented with fever for more
than 72 hours and other features (e.g. headache, abdominal
pain, vomiting, diarrhea or constipation, hepatomegaly, sple-
nomegaly) suggestive of typhoid fever. Selection of cases was
done by the convenient sampling method. After obtaining
written informed consent, detailed relevant history and clinical
examination, a blood sample by vein puncture was collected
using aseptic techniques for blood culture and the Enterocheck
test.

Blood culture: About 2 ml of blood was collected from the
peripheral vein, inoculated into brain heart infusion (BHI)
broth with 0.5 % SPS (sodium polyanethol sulphonate) bottles
in 1:10 dilution and incubated at 37°C for 1 week. The forma-
tion of turbidity and hemolysis indicated the growth of bac-
teria. Once growth was seen on liquid medium, it was then
sub-cultured after 1, 3, 7 days on blood agar and MacConkey
agar. The isolated bacteria were identified to the species lev-
el by standard microbiological tests (Colony characteristics on
different culture media, Gram stain findings and results of dif-
ferent biochemical tests (indole, triple sugar iron agar, citrate,
urease and oxidase). Inoculation and sub-culturing was done
by on-duty lab technician and reporting was done by microbi-
ologist as per standard protocol.

Enterocheck test: was conducted on serum samples accord-
ing to the manufacturer’s instructions. The kit components of
the device were brought to room temperature before testing.
5ul of serum was dispensed into the specimen port ‘A’ using
a micropipette, and five drops of sample running buffer were
dispensed into the buffer port ‘B’. At the end of 15 minutes,
results were interpreted according to leaflet, by on-duty tech-
nician.

The results were tabulated and statistically analyzed using SPSS
version 25. Using blood culture as the gold standard, the sen-
sitivity, specificity, positive and negative predictive values of
the Enterocheck test were calculated and Chi square test was
applied to calculate p-value.

RESULTS

A total of 145 patients, clinically suspected of typhoid fever,
were investigated by both blood culture and Enterocheck.
Among them, 17 (11.7%) patients had blood cultures positive
for S. typhi and 29 (20%) were positive using Enterocheck. In
the study, 99 (68.27%) were males with a male: female ratio
of 2.15:1, as shown in the Figure 1. Most of the cases were,
aged between 5 to 10 years, 74 (51.03%), with the
median age of 10 years. 39 (26.89%) cases were of 6 months
to 5 years, and 32 (22.06%) were aged 10-15 years (Figure 2).

Female
31.73%

Figure 1: Sex distribution of the study population

5yrs-10 yrs 74

10 yrs-15yrs 32

6 mon-5yrs 39

Figure 2: Age distribution of the study population

Of the 145 patients studied, 31 were positive for S. typhi by
Enterocheck or blood culture or both. Both tests were positive
in 15 of the 31 cases. In 14 patients, Enterocheck was positive
but blood culture was negative and in 2 Enterocheck negative
but blood culture was positive, as shown in Table I. Using blood
culture as the gold standard, the sensitivity of Enterocheck was
88.23%, specificity 89.06%, negative predictive value 98.27%,
positive predictive value 51.72% and there was statistically sig-
nificant association (p<0.01).

Blood Culture

Enterocheck

Positive Negative Total
Positive 15 14 29
Negative 2 114 116
Total 17 128 145

Table I: Comparison of results of Enterocheck with blood culture

Sensitivity- 88.23%, negative predictive value- 98.27%, speci-
ficity- 89.06%, positive predictive value- 51.72%, p-value <0.01.

DISCUSSION

Typhoid fever is a systemic illness with a significant morbidity
and mortality in developing countries.!! Any delay in diagno-
sis and inappropriate therapy increases the risk of outcome.?
Blood culture has remained the gold standard for diagnosis of
typhoid fever. However, a study from Delhi found it of limited
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value when undertaken during the early phase of iliness when
isolation of the organism is difficult.!* The sensitivity of blood
culture in typhoid fever is also limited by the low bacterial
count in blood and prior antimicrobial therapy.*?

In the present study blood culture positivity among clinically
suspected typhoid cases was in 17 cases (11.70%). Similar to
the study by Sreenivasa B et al in India has positivity of 14%."
In a study by Devaranavadagi RA et al blood culture was posi-
tive in 20% of cases™ which is contrast to our study. The rela-
tive low rate of positivity in the present study might be due to
widespread and irrational use of antibiotics and low volume of
blood obtained for cultures among children. Enterocheck test
was positive in 20.48% in a study by Anagha K et al*®* which is
similar to the present study where positivity of Enterocheck
test was 20%. The result is also consistent with the study by
Sreenivasa B et al where test was positive in 27.5% cases.'?

In present study, male predominance was seen 68.27%. Similar
results were reported in studies by Jog S et al*® and Ganesh
R et al.”” Commonest age group of typhoid fever in the pres-
ent study was 5 to 10 years (51.03%) similar to the study by
Devaranavadagi RA et al.* A study done by R Modi et al also
reported maximum incidence of typhoid in the age group 6 to
10 year.'® These results were in concordance with the concept
that typhoid fever is common in school age children. They are
at high risk of consuming contaminated drinking water and
street foods which make them more vulnerable to exposure
to typhoid bacilli.

The sensitivity of Enterocheck in the present study was 88.23%
and specificity was 89.06%. Similar to the study by Anusha
R et al where the sensitivity and specificity of Enterocheck
was 85.5% and 88.6% respectively.”® Whereas in a study by
Narayanappa D et al sensitivity and specificity of Typhidot-M
was 92.6% and 37.5% respectively.? This difference might be
due to genomic diversity among S.typhi isolates and differ-
ences in antigenic epitopes, various stages of the illness and
the rate of increase of IgG antibodies, which might interfere
with IgM antibodies. The present study showed statistically
significant association between Enterocheck and blood culture
(p-value <0.01), similar to the study by Maheshwari V et al*
and Udayakumar S et al.?2 Two patients in the present study
were positive by blood culture but negative by Enterocheck.
The false negative results by latter might be due to test’s failure
to detect low levels of antibodies.? False positive results might
be because of prior treatment with antibiotics or low bacterial
counts in blood.?

LIMITATIONS

The sample size was small with convenient sampling method.
Blood culture, used as the gold standard, itself has limited sensi-
tivity, which might have affected the result. Cross-reactivity of En-
terocheck with non-typhoidal Salmonella or other febrile ilinesses,
prior antibiotics use and variable timing of illness during sample col-
lection in different patients might also have altered the specificity.

CONCLUSION

Enterocheck is a practical alternative to other tests for rapid di-
agnosis of typhoid fever, where traditional culture facilities are
not available. It has high sensitivity and specificity, can detect
cases early, and is easy to perform with minimal infrastructure
and availability of results within about 15 minutes.
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