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Abstract
The diagnosis of typhoid fever on clinical presentations alone is difficult, as the presenting symptoms are
diverse and similar to those observed with other febrile illnesses, especially during the first weeks of the
infection. Therefore, laboratory-based investigations are essential for supporting the diagnosis of the
disease. The “gold standard” for diagnosis of typhoid fever is the isolation of Salmonella typhi from
appropriate samples including blood, bone marrow aspirates, stool, urine and rose spots. This facility is
not available in many areas where the disease is endemic. Serodiagnosis depends upon the 100-year-old
Widal test, and other serological diagnostic tools have limitations because of their low sensitivity and/or
specificity. The development of molecular methods for diagnosis of infectious diseases, including typhoid
fever has improved the sensitivity and specificity of diagnosis. One of the molecular methods, Polymerase
chain reaction (PCR) is the most sensitive and rapid method to detect microbial pathogens in clinical
specimens. Antigen detection has not been investigated for well over three decades and detecting an
immune response specific for typhoid fever has been done only with antibody detection. There is an
urgent need for the rational design and evaluation of effective and appropriate diagnostics for typhoid
fever which must include the emerging threat of S. typhi. However, monitoring of antibiotic susceptibility
patterns will ensure that signs of developing resistance are detected early and that the appropriate action is
taken. Therefore, this present review has been designed to describe the different diagnostic procedure of
typhoid fever. [Bangladesh Journal of Infectious Diseases 2016;3(2):43-51]
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Introduction
Laboratory diagnosis of typhoid fever is based on
isolation and identification of Salmonella typhi
from a suitable clinical specimen such as blood,
stool, urine, bone marrow, and duodenal aspirate by
culture, detection of S. typhi specific antibodies by
serological test and antigen by immunological test
and identification of nucleic acid by Polymerase
chain reaction1.
Isolation of the organism
Culture isolation of the S. typhi remains the most
effective diagnostic procedure in suspected typhoid
fever. Where culture is available, typhoid fever may
account for two thirds of cases of community
acquired septicaemia admitted to hospital2. Blood
has been the mainstay of culture for S. typhi since
1900. S. typhi maximally isolated from blood in the
first week of disease; from faeces in the second and
subsequent weeks and urine in the third and fourth
weeks3. The various culture methods available are
blood culture, clot cultures, faeces culture, bone
marrow culture, urine culture, bile culture and
duodenal aspirate culture.
Blood Culture
Blood culture is the gold standard diagnostic
method for diagnosis of typhoid fever4. The
sensitivity of blood culture is highest in the first
week of the illness and reduces with advancing
illnesses5. The organisms may be recovered from
bloodstream at any stage of the illness, but are most
commonly found during the first 7 to 10 days and
during relapses6. Blood culture is the method of
choice and has the great advantage over culture
from the faeces, urine or bile. It is showing not only
that patient is infected with the bacillus but that the
infection is active 7. Though it is gold standard, the
yield of blood culture is quite variable. In the
untreated patient, blood culture is usually positive
in about 80.0% during first week and declining 20.0
to 30.0% later in the course of the disease8.
Sensitivity of cultures can be affected by antibiotic
treatment of the patient, inadequate sampling, type
of culture medium, lengths of incubation, and
variations of bacteraemia in the patients. In
addition, Salmonella cultures take 4 to 7 days for
isolation and identification of the organisms9.
Adequate volumes of medium should be used in
blood culture system to avoid negative results. A
study finding suggested that 50 ml of medium was
adequate for 8 ml of blood, presumably because of
very low degrees of bacteraemia in some patients10.
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If whole blood is to be cultured, it is essential to
prevent bactericidal effects of serum either by
adequate dilution of the sample in an adequate
medium volume or by inhibition of serum
bactericidal factors. Sodium polyanethol sulfonate
(SPS) and bile salt inhibit this bactericidal effect7.
The SPS in concentration of 0.025% to 0.03% is the
best anticoagulant for blood. It is also
anticomplementary and antiphagocytic, and
interferes with the activity of some anti microbial
agents, notably amino glycosides11. A study was
reported that SPS aids in early recovery of S. typhi
and S. Paratyphi A from blood cultures12. Taking
samples of blood on several occasions may improve
the results of culture13. Three types of blood
cultures have been in use such as traditional or
conventional blood culture, lysis centrifugation and
automated blood culture14.
Traditional or Conventional Technique
Tryptone soya broth, bile broth or glucose broth,
brain heart infusion broth are usually used for
conventional methods of blood culture. The media
is incubated aerobically at 370 C. Subculture should
be done on MacConkey’s agar, blood agar media
daily for 1 week and checked for turbidity, gas
formation and other evidence of growth after 1, 2, 3
and 7 days. For days 1, 2 and 3 only bottles
showing signs of positive growth are cultured on
agar plates. On day 7 all bottles should be subcultured before being discarded as negative10.
Automated Technique
Modern blood culture techniques (automated)
permit the bacteriological confirmation of typhoid
fever in a higher proportion of cases. These systems
employ equipment that automatically detects an
early sign of bacterial growth in a special blood
culture bottle14. An isolation rate of 92% of blood
culture with the Bactec 460 Radiometric system
using a blood: broth ratio of 1:6 was found in a
study15.
Lysis Centrifugation
Lysis centrifugation system consists of a tube
containing anticoagulant (SPS), EDTA, and
saponin. After the tube is filled with blood during
phlebotomy, the contents are mixed and centrifuged
and the resulting pellet is inoculated onto agar
media taking all aseptic measures. The system
effectively recovers S. typhi from blood specimen16.
The benefit of this system include; the more rapid
and greater recovery of the organism; the presence
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of actual colonies for direct identification and
susceptibility testing after initial incubation; the
ability to quantify the colony forming units present
in the blood; rapid detection of polymicrobial
bacteraemia; and possible recovery of intracellular
microorganisms caused by lysis of host cells.
Limitation of the method is high rate of possible
contamination11.
Clot Culture
The blood clot culture was found to be much more
sensitive for S. typhi than whole blood culture.
Bacterial growth was significantly faster in cultures
of blood clot compared to whole blood. The rapid
confirmation of the aetiological agent would
facilitate an early institution of appropriate
antimicrobial therapy, thereby reducing clinical
morbidity, especially in an endemic population17.
Blood clot from which serum has been removed
often gives a positive result when a similar volume
of whole blood yields no growth7. A method of clot
culture with streptokinase has been recommended18.
An amount of 8 ml quantities of venous blood is
taken from patient and allowed to clot in sterile
screw capped universal containers. The separated
serum is removed. The medium used consists of a
Wilson and Blair agar slope in a 120 ml bottle to
which is added 15 ml of streptokinase bile salt
broth. The streptokinase causes rapid clot lysis with
release of bacteria trapped in the clot. The cultures
are then incubated and positive results may be
obtained in less than 24 hours18. Clot culture is
more sensitive than blood cultures with isolation
rate of 92% and the clot technique has many
advantages over conventional whole blood culture,
both in reliability and in cost10.
Culture of the Mononuclear Cell: Platelet
Fraction of Blood
The moderate or low sensitivity of blood culture is
probably due to low concentration of S. typhi (<10
bacteria per ml) in cells of the blood of patients
with typhoid fever. Virtually all intracellular S.
typhi are found within only mononuclear cells
(MNC) and platelets. By the method of culture of
mononuclear cells (MNC) and platelets fraction of
blood from typhoid patients is subjected to density
gradient centrifugation to isolate the mononuclear
cells. Colonies of S. typhi were present in all
mononuclear cell–platelet layer–positive cultures
within 18 hours of plating and were identified
within an additional 10 minutes by a coagglutination technique. In contrast, identification
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of all positive culture by conventional blood culture
required 3 days19.
Bone Marrow Culture
Salmonella typhi is an intracellular pathogen in the
reticuloendothelial cells of the body including the
bone marrow. The overall sensitivity of bone
marrow cultures ranges from 80.0 to 95.0% and is
good even in the late phase of the disease and
despite prior antibiotic therapy4. Bone marrow
aspirates are known to yield a higher rate of
positive cultures than peripheral blood in typhoid
fever cases20-21. Bone marrow culture may give a
positive result when blood culture fails, particularly
in patients admitted to hospital while on antibiotic
treatment. As a result unlike blood culture bone
marrow culture is highly (90%) sensitive22. Another
study reported that the concentration of S. typhi in
the bone marrow was found considerably higher
than in peripheral blood23. In the bone marrow there
were over 10 times more bacteria than in peripheral
blood. it seems likely to the positively rate of a 1 ml
bone marrow culture is equivalent to the result of
10 ml of peripheral blood23. The invasive nature of
bone marrow aspiration discourage from its use as a
first line investigation for diagnosis of typhoid
fever24.
Stool Culture
In typhoid fever, stool cultures are usually positive
from the second week of the infection. Stool is
usually plated on desoxycholate- citrate agar and
also inoculated into fluid enrichment media such as
tetrathionate or selenite broth. The limitation of
liquid of medium is that the growth of fluid
enrichment medium is subcultured appropriate
medium for proper identification. Suspicious
colonies from culture plates are tested directly for
the presence of salmonella O antigens by slide
agglutination and subcultured to peptone water for
determination of H antigen structure and for further
biochemical analysis6.
Urine Culture
Urine cultures are not recommended for diagnosis
in view of poor sensitivity4,21. Bacteria are not
excreted continuously and therefore, several
specimens may need to be cultured before
organisms can be isolated25. In typhoid fever, urine
cultures are usually positive from the third week of
the infection. The centrifuged urine deposit is plated
on desoxycholate-citrate agar and is also inoculated
into fluid enrichment media such as tetrathionate or
December 2016│ Volume 3│Number 2
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selenite broth. The growth of fluid enrichment
medium is subcultured appropriate medium for
proper identification6.
Duodenal String: Capsule Culture
Duodenal string test was found to be a simple, noninvasive and a reliable test which when used in
combination with blood culture could identify
almost all cases of typhoid fever irrespective of
duration of fever and prior use of antibiotics26.
Duodenal content cultures have been proved to be
more sensitive (86%) in diagnosis than bone
marrow (75%) and more effective than blood (42%)
and stool (26%) cultures in recovery of S. typhi.
The sensitivity of duodenal content cultures was
found not modified by the duration of illness at
admission or by previous antibacterial therapy27.
Culture of duodenal aspirate is important in the
detection of typhoid carriage. Individuals can
excrete S. typhi in the bile and yet be undetected by
stool culture28. Because of patient’s discomfort and
the time required for tube placement, duodenal
aspiration has not been widely used29.
Antibody Detection Tests (serology)
Widal test
The information regarding Widal test has been
noted in Britannica encyclopaedia. The Widal
agglutination test was introduced as a serologic
technique to aid in diagnosis of typhoid fever. The
test was named after Georges Fernand Isidore
Widal, a French physician and bacteriologist. In
1896, Widal developed a procedure for diagnosing
typhoid fever based on the fact that antibodies in
the blood of an infected individual cause the
bacteria to bind together into clumps (the Widal
reaction)30. The test was based on demonstrating the
presence of agglutinin (antibody) in the serum of an
infected individual, against the H (flagellar) and O
(somatic) antigens of Salmonella typhi 8. The “O”
antigen is the somatic antigen of S. typhi and is
shared by S. paratyphi A, S. paratyphi B, other
Salmonella species and other members of the
Enterobacteriaceae family31. Antibodies against the
O antigen are predominantly IgM, rise early (appear
on day 6 to 8) in the illness and disappear early 31.
The H antigens are flagellar antigens of S. typhi,
paratyphi A and paratyphi B. Antibodies to H
antigens are both IgM and IgG, rise late (on days 10
to 12) in the illness and persist for a longer time31-32.
Serological diagnosis relies classically on the
demonstration of a rising titre of antibodies in
paired samples at an interval of 10 to 14 days33. In
Bangladesh J Infect Dis
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typhoid fever, however, a four- fold rise after 2
weeks in not always demonstrable, even in blood
culture confirmed cases. This situation may occur
when the acute phase sample is obtained late in the
natural history of the disease, because of high levels
of probable background antibodies in an endemic
region, or because in some individuals the antibody
response is blunted by the early administration of an
antibiotic34. There is a controversy about the
predictive value of O and H antibodies for diagnosis
of enteric fever. Some authorities claim that O
antibodies have superior specificity and positive
predictive value (PPV) because these antibodies
decline early after an acute infection34. It can be
negative in up to 30.0% of culture- proven cases of
typhoid fever. The purity and standardization of
antigens used for the Widal test is a major problem
and often results in poor specificity and poor
reproducibility of test results32. The causes of a
positive Widal agglutination test have been
established; the patient being tested has typhoid
fever; previous immunization with Salmonella
antigen;
cross-reaction
with
non-typhoidal
Salmonella; infection with other enterobacteriaceae;
other diseases such as dengue, schistosomal
infection, chronic liver disease associated with
raised globulin levels; and disorders such as
rheumatic fever, rheumatoid arthritis, multiple
myeloma, nephritic syndrome and ulcerative
colitis25. False negativity is one of the obstructive
features of the Widal test. Hosoglu et al35 conducted
a study to evaluate the associated factors with
Widal test negativity in an endemic area. Widal test
negativity was retrospectively analyzed by them
among culture-proven typhoid fever cases. The
potential features including age, gender, and
previous antibiotic usage, duration of symptoms,
leucopoenia, haematocrit value, and erythrocyte
sedimentation rate (ESR) were evaluated for
association with Widal test negativity35. It has been
shown that the antibody response to the O antigen
of S. typhi was markedly reduced in acute episodes
of malaria compared to controls and that humoral
immunity is transiently impaired36. In a study,
subjects with dual infection of malaria and typhoid
fever had significantly higher rates of nausea,
vomiting, abdominal pain, and diarrhea the
common features of enteric fever37. In the last two
decades, this relationship between the two diseases
has been reported in studies from Africa and
India38-40. A study conducted in Cameron found that
the number of fever cases diagnosed as malariatyphoid fever co-infection were actually
overestimated38.
Immunochromatographic method
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ICT has been studied in many countries and they
found significantly higher sensitivity and
specificity41-43. An evaluation of ICT (Typhidot) in
India was found to be 100% sensitive and 80%
specific compared to a blood culture as gold
standard41.
Haemagglutination (HA) Tests
Many researchers have evaluated the usefulness of
HA tests in different countries. In a study from
India, the anti-LPS HA test showed a sensitivity of
60% and specificity of 98.2%. The positive
predictive value and negative predictive value were
66.7% and 96.7% respectively. In the same study,
the haemagglutination inhibition test targeted
Salmonella antigens and was found useful for
helping the early detection of S. typhi in culture44.
In
another
study,
a
Reverse
Passive
Haemagglutination Test (RPHA) was designed for
the detection of S. typhi antigen. The test was found
to be 70% sensitive and 92% specific for acute
typhoid fever diagnosis45.
Countercurrent Immunoelectophoresis (CIE)
This test is based on electrophoresis and the
visualization of the precipitin band of antigenantibody complexes that form. The sensitivity is
similar to that of the Widal test and the procedure
may be quicker if tests are batched (about one hour
for a gel), but bands are often difficult to see, the
cost is higher than that of the Widal, and some
studies conclude that CIE has a low sensitivity with
Vi antigen. A panel of antigens (somatic (O),
flagellar (H) and capsular polysaccharide (Vi)
antigens of S. typhi is recommended for rapid
diagnosis of typhoid fever46.
Other serological test
In view of the limitations of the Widal test and need
for a cheap and rapid diagnostic method, several
attempts to develop alternative serologic tests have
been made. These include rapid dipstick assays, dot
enzyme immuno-assays and agglutination inhibition
tests.
Antibody Detection
Dot Enzyme Immunoassay (EIA) Test
A dot enzyme immunoassay that detects IgG and
IgM antibodies against a 50 KD outer membrane
protein, distinct from the somatic (O), flagellar (H)
or capsular (Vi) antigen of Salmonella typhi is
Bangladesh J Infect Dis
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commercially
available
as
Typhidot47.
Commercially it is available in two different
properties like the Typhidot M that detects only
IgM antibodies of S. typhi has been reported to be
slightly more specific in a couple of studies48-49.
Typhidot® test detects specific IgM and IgG
antibodies to S. typhi. It has undergone full-scale
multinational clinical evaluation of its diagnostic
value50. In areas of high endemicity, where the rate
of S. typhi transmission is high, the detection of
specific IgG increases. The IgG can persist for more
than two years after typhoid fever Infection51. The
detection of specific IgG can not differentiate
between acute and convalescent cases48.
IgM Dipstick Test
A rapid dipstick assay for the detection of S. typhispecific IgM antibodies in serum and whole blood
samples was previously reported and the sensitivity
and specificity was evaluated47,49. The dipstick
assay may thus also be useful for the serodiagnosis
of culture-negative patients with clinical signs and
symptoms consistent with typhoid fever. The
advantages of the dipstick assay are that the result
can be obtained on the same day allowing a prompt
treatment, that only a small volume of serum is
needed, and that no special laboratory equipment is
needed to perform the assay. The stability of the
reagents of the dipstick and the simplicity of the
assay allows its use in places that lack laboratory
facilities49.
Antigen Detection Tests
There is clearly a demand for a simple diagnostic
test for typhoid fever. An ideal test is reliable,
simple, and affordable for the countries where the
need is the greatest. Many of the affected countries
are poor, and some places do not have electricity.
The antigen detection, rather than antibody
detection, could provide such a test52.
Protein and Vi Antigens
Enzyme
immuno-assay,
counter
immune
electrophoresis and co-agglutination tests to detect
serum or urinary somatic/flagellar/Vi antigens of S.
typhi have been evaluated45,53. Sensitivity of Vi
antigen had been found to be superior than somatic
and flagellar antigen, had been reported as ranging
from 50 to 100% in different studies45,53. Similarly,
specificity estimates have been reported to vary
from 25.0% to 90.0%. The suboptimal and variable
sensitivity and specificity estimates, inability to
detect S. paratyphi infection and Vi antigen
December 2016│ Volume 3│Number 2
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negative strains of S. typhi are serious limitations of
the Vi antigen detection tests. S. typhi antigen can
be detected in the urine of some typhoid patients by
co-agglutination test54. A monoclonal antibody
specific for group D Salmonellae antigen 9 was
used in an indirect enzyme-linked immunosorbent
assay (ELISA) for detecting the antigen in urine
specimens collected from patients with clinical
typhoid fever in Jakarta, Indonesia. The ELISA had
a sensitivity of 95.0% in identifying patients in
whom S. typhi was isolated from blood cultures,
73.0% in patients in whom S. typhi was isolated
from stool specimens, and 40.0% in patients in
whom the organism was isolated from bone marrow
cultures, but specificity varies from 25.0 to 90.0%55.
Molecular Methods
The molecular method for diagnosis of typhoid
fever has been evolved to overcome the limitations
of cultures and serologic tests. Many authors have
explored the use of polymerase chain reaction
(PCR) for detecting specific DNA sequence of the
organisms present in clinical specimens. The PCR
as a diagnostic modality for typhoid fever was first
evaluated in 1993 when Song et al successfully
amplified the flagellin gene of S. typhi in all cases
of culture proven typhoid fever and from none of
the healthy controls. By using two pairs of primers
evaluated in the study by Song et al, amplification
of the flagellin gene of S. typhi confirmed the
presence of the organism in the patient’s blood56.
PCR
The PCR has been used to enable diagnosis of
typhoid fever within few hours and more specific
and sensitive than blood cultures.In addition nested
PCR has been shown promising results. These
results show that the nested PCR has good potential
to be a rapid tool for the definitive, differential
diagnosis of typhoid and is superior to conventional
methods57.
Nested PCR
The nested PCR resulted in amplified fragments
that were visible after agarose gel electrophoresis.
The whole procedure to identify S. typhi DNA in
the blood by agarose gel electrophoresis took only
16 hours, demonstrating the PCR to be a specific
and rapid method for the early diagnosis of typhoid
fever56. Frankel et al58 amplified flagellin gene
sequences specifically from S. typhi. Massi59 in the
year 2005 conducted a study to establish the nested
PCR for DNA detection of S. typhi in the urine of
Bangladesh J Infect Dis
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patients with suspected typhoid fever. This research
was used 107 urine samples from patients suspected
with typhoid fever which were examined with
nested PCR using two primer pairs with the final
amplification result of 343 basepair (bp). This study
reported that 64 (59%) urine samples were positive
with S. typhi DNA. This research concluded that
nested PCR specifically from urine specimen can be
used as an alternative method in diagnosis and
management of typhoid fever59. Kumar et al60 used
blood samples from 40 clinically suspected cases of
typhoid fever, and found 20 of 20 culture positive
and 12 of 20 culture negative cases to be positive by
PCR in Delhi, India. Using single primer in South
Sulawesi, Indonesia, 46 of 73 (63.0%) blood
samples collected from patients with clinically
suspected typhoid fever were positive by PCR
compared to 13.7% positive by blood culture59. In
Varnassi, India, nested PCR was again better 53 of
57 (73.0%) were positive than blood culture 17 of
53 (32%) were positive on specimens from 63
clinical typhoid fever cases61. A large, welldesigned study in Indonesia investigated 131
patients with a clinical diagnosis of typhoid fever
and diagnosed the cases by blood culture and PCR
from blood (84.5%) and urine samples (69.3%).
The PCR diagnosis was found more sensitive than
the blood culture (61.8%)62. A study from Nepal on
specimens from 71 children with suspected typhoid
fever reports 82.7% positivity for PCR from blood
and urine, showing similar results for each
specimen and PCR results were much higher than
blood culture (26.9%). In Pakistan, 55 cases of
suspected typhoid fever and a control group of 20
healthy persons were diagnosed by PCR from blood
samples and blood culture. The PCR and blood
culture gave 58.2% and 14.5% positivity,
respectively showing significantly better results by
PCR 63. Again in Pakistan, a multiplex PCR
targeting five different genes for differential
diagnosis of typhoidal pathogens has been
developed for use directly on clinical blood
samples. Of 42 multiplex PCR-positive blood
samples, 35 were positive for S. typhi and two for S.
Paratyphi A and interestingly remaining 5 patients
were found to have mixed infection57. Moreover,
some patients with culture negative typhoid fever
were PCR positive suggesting that PCR diagnosis
of typhoid fever may have superior sensitivity than
cultures. Over the next 10 years, a handful of
studies have reported PCR methods targeting the
flagellin gene, somatic gene, Vi antigen gene, 5S23S spacer region of the ribosomal RNA gene, invA
gene and hilA gene of S. typhi for diagnosis of
typhoid fever61,63-64. These studies have reported
excellent sensitivity and specificity when compared
to positive (blood culture proven) and healthy
December 2016│ Volume 3│Number 2
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controls. The time required for diagnosis has been
less than 24 hours24. Chaudhry et al65 developed
standardization of PCR for the detection of S. typhi
in typhoid fever. The PCR technique was used for
detection of S typhi in blood or clot cultures from
84 patients clinically suspected of having typhoid
fever, and from 20 healthy controls. Twenty five of
84 samples from clinically suspected cases were
positive by PCR; four of which were culture
negative. No amplification was seen in samples
from patients who were culture positive for
organisms other than S. typhi or from controls. The
time taken for each sample for PCR analysis was
less than 48 hours, compared with three to five days
for blood or clot culture. The PCR was found to
appear to be a promising diagnostic test for typhoid
fever65.

can be made available to the reference centres for
utilizations by other healthcare facilities following
referral system. In fact, due to the rapid and
definitive diagnosis, hospital admission of the
patient can be avoided, reduce patients’ suffering,
save working days and unnecessary expenditure on
unrelated and misdirected treatment which may be
many times more than the cost of PCR.
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