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                  A B S T R A C T                             

Introduction  

Salmonella enterica serovar Typhi, the 
human-specific, causative agent of typhoid 
fever, causes an estimated 21 million new 
cases and 216,000 deaths every year (Crump 
et al., 2004). The accurate and rapid clinical 
diagnosis of enteric fever regions is 
obfuscated by the range of other common 
fever-causing infections including malaria, 
dengue fever, leptospirosis, melioidosis and 
the rickettsioses. Accurate diagnosis to 
differentiate typhoid fever from these            

conditions is often difficult, both in the 
clinic and in the laboratory, but is imperative 
for effective treatment selection. Even in 
highly-resourced western countries, 
physicians often start typhoid treatment 
empirically whilst awaiting confirmation of 
the diagnosis. Serological tests, 
predominantly the Widal test, are available 
but have very low sensitivity and specificity, 
and no practical value in endemic areas 
despite their continued use (Levine et al., 
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1978). Isolation of the causative organism 
remains the most effective diagnostic 
method in suspected typhoid fever and blood 
has been the main sample for culture for 
Salmonella serovar Typhi since 1900 (Wain 
and Hosuglu 2008). The sensitivity of blood 
culture is highest in the first week of the 
illness and reduces with advancing illness 
(Kundu et al., 2006). PCR-based tests for 
detecting the causative pathogens of enteric 
fever have developed rapidly over the last 
decade; however questions regarding the 
clinical utility and standardization of tests 
remain. Detection of bacterial DNA in 
whole blood by PCR assay is able to 
substantially decrease the turnaround time 
without bias from the inhibitory effect of 
antibiotics, yet the published PCR assays for 
diagnosis of enteric fever are in limited use.

  

In addition to diagnostic dilemma, the 
emergence of antimicrobial resistance, 
especially the multidrug resistance to 
ampicillin, chloramphenicol and co-
trimoxazole, has further complicated the 
treatment and management of enteric fever 
(Jesudason and John, 1992; Mourad et al. 
1993). In India, antibiotic resistance among 
S. typhi has been reported since 1960, and 
the first outbreak of multidrug resistant S. 
typhi (MDRST) was reported in Calicut 
(Agarwal, 1962). The period 1990 to the 
present has been a hallmark era in the 
history of enteric fever because of the 
emergence and dissemination of S. typhi 
strains carrying resistance to multiple 
clinically relevant antibiotics (Arora et al., 
2010; Saha et al., 1992).  Most developing 
countries have experienced outbreaks of 
multidrug-resistant enteric fever due to S. 
typhi.  The incidence of multidrug resistant 
(MDR) S. typhi has been reported to be as 
high as 60% but then declined in Pune 
(1999), Nagpur (2001), Delhi (2004) and 
Calcutta (2000) (Sanghavi et al., 1999; 
Chande et al., 2002; Saha et al., 2002; Walia 

et al., 2005).  Fluoroquinolones were very 
effective in early 1990s, but emergence of 
resistance to these drugs occurred soon 
(Malla et al., 2005). An increase in the 
number of MDR and nalidixic acid resistant 
S. typhi globally (NARST) was noted, 
although all isolates remained sensitive to 
ciprofloxacin and ceftriaxone (Ackers et al., 
2000).  Also sporadic reports of high level 
of resistance to Ceftriaxone in S. typhi and S. 
paratyphi have been seen and the relapse 
rate is 3 6% with this drug (Parry et al., 
2002; Jog et al., 2008). Given the variation 
in the susceptibility patterns reported for S. 
typhi, it is important to constantly monitor it 
so as to provide suitable guidelines for 
treatment.  

Therefore, we studied the sensitivity and 
specificity of blood culture for the diagnosis 
of enteric fever and also sensitivity pattern 
of S. typhi to chloramphenicol, ampicillin 
and co-trimoxazole, flouroquinolones, 
cephalosporins, azithromycin and some 
other drugs which have been frequently used 
in the treatment of enteric fever since last 5 
years.  

Materials and Methods  

The present study was conducted in the 
department of Microbiology, J.N Medical 
College, AMU over a period of two and a 
half years from September 2011 to February 
2014. The cases included patients attending 
the paediatric and medicine OPD or IPD 
with clinical features suggestive of enteric 
fever like fever with abdominal discomfort, 
headache, anorexia, nausea, and vomiting, 
abdominal discomfort with diarrhoea, soft 
enlarged spleen, coated tongue, toxic look 
and relative bradycardia. Patients with any 
other obvious focus of fever like urinary 
tract infection, otitis media etc and patients 
with prior antibiotic therapy were excluded 
from the study.  
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Blood culture and antimicrobial 
susceptibility testing: Blood for culture was 
collected taking all sterile precautions by 
veni-puncture. A total of 5 ml of peripheral 
blood from adults and 2 ml from paediatric 
patients was collected and transferred to 
brain heart infusion broth. Subcultures were 
done after 24 hours, 48 hours and 7 days on 
5% sheep blood agar and Teepol lactose 
agar. All isolates were identified by standard 
biochemical procedures and serotyping was 
done as per Kauffnamm white scheme. 
Antimicrobial susceptibility testing was 
done by Kirby Bauer disc diffusion method 
as per Clinical and Laboratory Standards 
Institute guidelines (CLSI, 2014) for the 
following cefepime (30µ), ceftriaxone 
(30µ), cefotaxime (30µ), cefexime (30µ), 
cefoperazone-sulbactum (75/10µ), 
levofloxacin (5µ), amikacin (30µ), 
azithromycin (15µ), ciprofloxacin (30µ), 
chloramphenicol (30µ), ampicillin (30µ), 
nalidixic acid (30µ).   

Immunocheck typhoid antibody test: 
Immunocheck Typhoid IgG/IgM rapid test 
was done for all the serum samples as per 
the manufacturer s instructions.  

Polymerase chain reaction for detection 
of S. typhi from blood sample: DNA 
extraction was performed by using QIAamp 
DNA investigator kit (50). PCR mixture 
consisted of 50 µl master mix containing 1 
µl sample, 10X buffer, primer mixture, 
dNTPs, and taq polymerase. The primers 
were designed based on published dH 
flagellin gene sequence using oligo 
computer program. A 486 base pair region 
was amplified using the following primers   

RK1 (5 TGG GCG ACG ATT TCT ATG 
CC 3 )  

RK2 (5 TTT CGC GAA CCT GGT TAG 
CC 3 ) 

Cycling parameters of PCR were set as 
follows: hot start 94 °C for 4 min followed 
by 30 cycles of melting at 94 °C for 45 s, 
annealing at 50 °C for 45 s, and extension at 
72 °C for 1 min. Analysis of amplified 
products was done by gel electrophoresis. 
Amplicons of 486 bp were consistent with 
dH flagellin gene amplification.   

Result and Discussion  

Typhoid fever is one of the most common 
infectious diseases in developing countries 
including India. The disease is present more 
commonly in areas where healthcare 
facilities are limited with high rate of 
illiteracy and unhygienic living conditions 
are prevalent. In the present study a total of 
104 cases were clinically suspected to have 
enteric fever. Fifty-five (52.9%) of these 
were males and 49 (47.1%) were females. 
Butler et al. (1991) also reported similar 
pattern of sex distribution in cases suspected 
of enteric fever, which could be due to 
greater exposure of males contaminated 
food and water outside the home. The 
clinical presentation of typhoid fever is 
notoriously variable, ranging from non-
specific fever symptoms to fulminant Gram-
negative sepsis with multisystem disease. 
The clinical diagnosis mainly relies on step 
ladder fever with rashes which are difficult 
to appreciate on the Indian skin, headache, 
alternate constipation and diarrhoea, 
abdominal pain, coated tongue. In our study 
fever was consistently present in all the 
patients, with headache being present in 
majority of them (88.5%). Vomiting, coated 
tongue, diarrhoea and constipation were 
present in 16.3%, 23.1%, 5.8% and 7.7% 
respectively (Graph 1).    

Out of these 104 patients suspected of 
enteric fever clinically, only 12 (11.5%) 
were blood culture positive. Low 
concentrations of S. typhi in the blood of 
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patients with typhoid fever (< 15 
bacteria/ml) contribute to the moderate 
sensitivity of blood culture (Rubin et al., 
1989, Rockhill et al., 1980). Our is a tertiary 
care centre, where most of the patients had 
already taken antibiotic treatment from 
quacks before attending the hospital may be 
a reason for low sensitivity of blood culture. 
The volume of blood taken and the 
laboratory methods used for isolation are 
also important factors determining the yields 
from blood culture (Wain et al., 2008).  All 
the culture positive and three other cases 
making a total of 15 (14.4%) were reactive 
by immune-check typhoid antibody test. Of 
these 15, 13 were reactive for both IgG & 
IgM and two were positive for IgM only.  
dH flagellin gene was detected in 27(25.9%) 
cases. dH Flagellin gene amplification in 
blood detected the highest number of cases 
(Figure 1). But only quarter of all the 
clinically suspected cases were found 
positive for enteric fever by all the methods 
used for diagnosing the same. This may be 
because of the non specificity of symptoms, 
which overlap with other endemic diseases 
prevalent in this region like malaria, viral 
hepatitis, dengue, leptospirosis, chikungunya 
etc.    

Majority of the cases were culture positive 
(66.7%) during the first week of fever, 25% 
had fever of more than seven days i.e. 2nd 

week and 8.3% showed growth on culture 
during the 3rd week of fever. The sensitivity 
of blood culture decreases with increasing 
duration of illness (Wain et al., 2008). 
Similar pattern was seen for the rapid 
immunocheck Typhoid antibody test. All the 
isolates found positive by blood culture 
showed the presence of dH flagellin gene. 
Considering the polymerase chain reaction 
as gold standard, the specificity of blood 
culture was 100%. However, 15 cases which 
showed the presence of the dH flagellin 
gene did not show any growth on culture.  

Thus, blood culture had a good specificity 
but poor sensitivity (44.5%). While 
Immunocheck detected 1 case, which was 
negative for the dH flagellin gene (i.e., 
specificity 93.3%).   

dH Flagellin gene detection rate was also 
highest in  patients during the first week of 
fever followed by 25.9% during 2nd  week 
but during the 3rd week also the detection 
rate of dH flagellin gene was significantly 
high as compared to blood culture. Thus, 
during the later duration of illness, when the 
sensitivity of blood culture decreases, then 
such expensive tests can have a role in 
diagnosis.   

On antimicrobial susceptibility testing of the 
blood culture positive isolates it was noted 
that all the 12 isolates were consistently 
susceptible to azithromycin, ceftriaxone and 
cefoperazone sulbactum. Cefexime, 
ciprofloxacin, and cefepime showed 
susceptibility to 83.3%, 83.3% and 91.6% 
isolates respectively (Graph 2). Two isolates 
were resistant to nalidixic acid (16.7%), 
while 8(66.7%) were multidrug resistant 
(i.e., resistant to ampcillin, chloramphenicol 
and co-trimoxazole). Surinder et al. (2008) 
reported a sequential increase in multidrug 
resistance in S. typhi from 34% in 1999 to 
66% in 2005. The uniform susceptibility to 
azithromycin, ceftriaxone and cefoperazone 
sulbactum suggests that these can be used as 
first line drugs for enteric fever in this 
region. Azithromycin has an additional 
advantage of oral administration and short 
course compared to the other two. There are 
also reports that azithromycin is effective 
both clinically and bacteriologically in 
treating even the MDR enteric fever (Girgis 
et al., 1999). Enteric fever is a diagnostic 
challenge for the clinicians as well the 
microbiologists with a number of other 
tropical infections mimicking the clinical 
presentations.  
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Figure.1 dH flagellin gene (486 bp) on Polymerase Chain Reaction  

  

Graph.1 Clinical presentation of patients suspected to have enteric fever  
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Graph.2 Antimicrobial susceptibility pattern of Salmonella typhi isolates  

  

Blood culture, with high specificity, is a 
traditional method of diagnosis during the 
first week of illness with the distinct 
advantage of bacterial identification with 
antimicrobial susceptibility, which plays an 
important role in epidemiological studies. 
When diagnosis is required in the later part 
of illness, amplification of dH flagellin gene 
is a good alternative, particularly in patients 
already on antibiotic treatment. In 
developing countries with low resources 
further investigation to develop rapid, cheap 
and reliable diagnostics for enteric fever are 
urgently needed.  

Azithromycin, is a good treatment option for 
S. typhi infections. Judicious use of 
antimicrobials should be done to prevent the 
emergence of drug resistance to the options 
that are presently available. Combination 
therapy should be promoted instead of 
monotherapy.   
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