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Abstract

India has a very high disease burden (214.2 per 1,00,000 individuals/year), primarily affecting children 5 to 15 years.
Recently, there have been concerns of increasing proportion of infections in very young children, rising paratyphoid
infections, and emerging drug resistance. Also, there are challenges in diagnosis and management of enteric fever due to
lack of laboratory-based investigations. While blood culture remains the gold standard of diagnosis, the mainstays in
developing countries are serological tests, which are suboptimal due to lack of standardization and uniformity. Hence based
on above condition the present study was planned for Assessment of Clinical and Laboratory Parameters in Typhoid Fever
in Pediatric Cases Admitted to NMCH, Patna.

The present study was planned in Department of Pediatrics, Nalanda Medical College and Hospital, Patna, Bihar, India. The
study was planned from January 2018 to November 2018. In the present study 50 childrens of age up to 18 years having
fever more than 7 days were enrolled. These cases were enrolled based on the Widal positive or positive culture were
enrolled in the present study.

The data generated from present study concludes that Typhoid fever manifestations are diverse. The most common
symptoms apart from fever were anorexia, vomiting, pain abdomen, diarrhoea followed by headache and cough. Also the
Serum parameters are also seen changed in the Thyphoid affected patients. Typhoid fever remains a major public health
problem in the developing countries predominantly seen in school going children among pediatric age group.
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Introduction

Typhoid fever, also known as enteric fever, is a potentially
fatal multisystemic illness caused primarily by Salmonella
enterica serotype typhi and, to a lesser extent, S enterica
serotypes paratyphi A, B, and C. The terms typhoid and
enteric fever are commonly used to describe both major
serotypes.

Typhoid fever has a wide variety of presentations that
range from an overwhelming multisystemic illness to
relatively minor cases of diarrhea with low-grade fever.
The classic presentation is fever, malaise, diffuse
abdominal pain, and constipation. Untreated typhoid fever
may progress to delirium, obtundation, intestinal
hemorrhage, bowel perforation, and death within 1 month
of onset. Survivors may be left with long-term or
permanent neuropsychiatric complications.

S typhi has been a major human pathogen for thousands of
years, thriving in conditions of poor sanitation, crowding,
and social chaos. It may have responsible for the Great
Plague of Athens at the end of the Pelopennesian War. [1]

The name S typhi is derived from the ancient Greek typhos,
an ethereal smoke or cloud that was believed to cause
disease and madness. In the advanced stages of typhoid
fever, the patient's level of consciousness is truly clouded.
Although antibiotics have markedly reduced the frequency
of typhoid fever in the developed world, it remains
endemic in developing countries. [2] Infections with S
paratyphi may be surpassing those caused by S typhi, in
part because of immunological naivete among the
population and incomplete coverage by vaccines that
target typhi.

Note that some writers refer to the typhoid and
paratyphoid fever as distinct syndromes caused by the
typhi versus paratyphi serovars, while others use the term
typhoid fever for a disease caused by either one. We use
the latter terminology. We refer to these serovars
collectively as typhoidal salmonella.

All pathogenic Salmonella species, when present in the gut
are engulfed by phagocytic cells, which then pass them
through the mucosa and present them to the macrophages
in the lamina propria. Nontyphoidal salmonellae are
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phagocytized throughout the distal ileum and colon. With
toll-like receptor (TLR)-5 and TLR-4/MD2/CD-14 complex,
macrophages recognize pathogen-associated molecular
patterns (PAMPs) such as flagella and lipopolysaccharides.
Macrophages and intestinal epithelial cells then attract T
cells and neutrophils with interleukin 8 (IL-8), causing
inflammation and suppressing the infection. [3, 4]

In contrast to the nontyphoidal salmonellae, S typhi and
paratyphi enter the host's system primarily through the
distal ileum. They have specialized fimbriae that adhere to
the epithelium over clusters of lymphoid tissue in the
ileum (Peyer patches), the main relay point for
macrophages traveling from the gut into the lymphatic
system. The bacteria then induce their host macrophages
to attract more macrophages. [3]

S typhi has a Vi capsular antigen that masks PAMPs,
avoiding neutrophil-based inflammation, while the most
common paratyphi serovar, paratyphi A, does not. This
may explain the greater infectivity of typhi compared with
most of its cousins. [5]

Typhoidal salmonella co-opt the macrophages' cellular
machinery for their own reproduction [6] as they are
carried through the mesenteric lymph nodes to the
thoracic duct and the lymphatics and then through to the
reticuloendothelial tissues of the liver, spleen, bone
marrow, and lymph nodes. Once there, they pause and
continue to multiply until some critical density is reached.
Afterward, the bacteria induce macrophage apoptosis,
breaking out into the bloodstream to invade the rest of the
body. [4]

The bacteria then infect the gallbladder via either
bacteremia or direct extension of infected bile. The result
is that the organism re-enters the gastrointestinal tract in
the bile and reinfects Peyer patches. Bacteria that do not
reinfect the host are typically shed in the stool and are
then available to infect other hosts. [2, 4]

Chronic carriers are responsible for much of the
transmission of the organism. While asymptomatic, they
may continue to shed bacteria in their stool for decades.
The organisms sequester themselves either as a biofilm on
gallstones or gallbladder epithelium or, perhaps,
intracellularly, within the epithelium itself. [7] The bacteria
excreted by a single carrier may have multiple genotypes,
making it difficult to trace an outbreak to its origin. [8]

Typhoidal salmonella have no nonhuman vectors. An
inoculum as small as 100,000 organisms of typhi causes
infection in more than 50% of healthy volunteers. [9]
Paratyphi requires a much higher inoculum to infect, and it
is less endemic in rural areas. Hence, the patterns of
transmission are slightly different.

The following are modes of transmission of typhoidal
salmonella: Oral transmission via food or beverages

handled by an often asymptomatic individual—a carrier—
who chronically sheds the bacteria through stool or, less
commonly, urine. Hand-to-mouth transmission after using
a contaminated toilet and neglecting hand hygiene. Oral
transmission via sewage-contaminated water or shellfish
(especially in the developing world). [10, 11, 12]

Paratyphi is more commonly transmitted in food from
street vendors. It is believed that some such foods provide
a friendly environment for the microbe. Paratyphi is more
common among newcomers to urban areas, probably
because they tend to be immunologically naive to it. Also,
travellers get little or no protection against paratyphi from
the current typhoid vaccines, all of which target typhi. [13,
14]

Typhoidal salmonella are able to survive a stomach pH as
low as 1.5. Antacids, histamine-2 receptor antagonists (H2
blockers), proton pump inhibitors, gastrectomy, and
achlorhydria decrease stomach acidity and facilitate S typhi
infection. [4]

HIV/AIDS is clearly associated with an increased risk of
nontyphoidal Salmonella infection; however, the data and
opinions in the literature as to whether this is true for S
typhi or paratyphi infection are conflicting. If an
association exists, it is probably minor. [15, 16, 17, 18]

Other risk factors for typhoid fever include various genetic
polymorphisms. These risk factors often also predispose to
other intracellular pathogens. For instance, PARK2 and
PACGR code for a protein aggregate that is essential for
breaking down the bacterial signaling molecules that
dampen the macrophage response. Polymorphisms in their
shared regulatory region are found disproportionately in
persons infected with Mycobacterium leprae and S typhi.
[11]

On the other hand, protective host mutations also exist.
The fimbriae of S typhi bind in vitro to cystic fibrosis
transmembrane conductance receptor (CFTR), which is
expressed on the gut membrane. Two to 5% of white
persons are heterozygous for the CFTR mutation F508del,
which is associated with a decreased susceptibility to
typhoid fever, as well as to cholera and tuberculosis. The
homozygous F508del mutation in CFTR is associated with
cystic fibrosis. Thus, typhoid fever may contribute to
evolutionary pressure that maintains a steady occurrence
of cystic fibrosis, just as malaria maintains sickle cell
disease in Africa. [19, 20]

As the middle class in south Asia grows, some hospitals
there are seeing a large number of typhoid fever cases
among relatively well-off university students who live in
group households with poor hygiene. [21] American
clinicians should keep this in mind, as students from these
areas often come to the United States for further
education. [22]
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The clinical syndromes associated with S typhi and
paratyphi are indistinguishable. Typhoid fever begins 7-14
days after ingestion of the organism . The fever pattern is
stepwise, characterized by a rising temperature over the
course of each day that drops by the subsequent morning.
The peaks and troughs rise progressively over time.

Over the course of the first week of illness, the notorious
gastrointestinal manifestations of the disease develop.
These include diffuse abdominal pain and tenderness and,
in some cases, fierce colicky right upper quadrant pain.
Monocytic infiltration inflames Peyer patches and narrows
the bowel lumen, causing constipation that lasts the
duration of the illness. The individual then develops a dry
cough, dull frontal headache, delirium, and an increasingly
stuporous malaise. [2]

At approximately the end of the first week of illness, the
fever plateaus at 103-104°F (39-40°C). The patient
develops rose spots, which are salmon-colored, blanching,
truncal, maculopapules usually 1-4 cm wide and fewer
than 5 in number; these generally resolve within 2-5 days.
[2] These are bacterial emboli to the dermis and
occasionally develop in persons with shigellosis or
nontyphoidal salmonellosis.

During the second week of illness, the signs and symptoms
listed above progress. The abdomen becomes distended,
and soft splenomegaly is common. Relative bradycardia
and dicrotic pulse (double beat, the second beat weaker
than the first) may develop.

In the third week, the still febrile individual grows more
toxic and anorexic with significant weight loss. The
conjunctivae are infected, and the patient is tachypneic
with a thready pulse and crackles over the lung bases.
Abdominal distension is severe. Some patients experience
foul, green-yellow, liquid diarrhea (pea soup diarrhea). The
individual may descend into the typhoid state, which is
characterized by apathy, confusion, and even psychosis.
Necrotic Peyer patches may cause bowel perforation and
peritonitis. This complication is often unheralded and may
be masked by corticosteroids. At this point, overwhelming
toxemia, myocarditis, or intestinal hemorrhage may cause
death.

If the individual survives to the fourth week, the fever,
mental state, and abdominal distension slowly improve
over a few days. Intestinal and neurologic complications
may still occur in surviving untreated individuals. Weight
loss and debilitating weakness last months. Some survivors
become asymptomatic S typhi carriers and have the
potential to transmit the bacteria indefinitely. [21, 2, 4]

India has a very high disease burden (214.2 per 1,00,000
individuals/year), primarily affecting children 5 to 15 years.
Recently, there have been concerns of increasing
proportion of infections in very young children, rising

paratyphoid infections, and emerging drug resistance.
Also, there are challenges in diagnosis and management of
enteric fever due to lack of laboratory-based
investigations. While blood culture remains the gold
standard of diagnosis, the mainstay in developing
countries are serological tests, which are suboptimal due
to lack of standardization and uniformity. Hence based on
above condition the present study was planned for
Assessment of Clinical and Laboratory Parameters in
Typhoid Fever in Pediatric Cases Admitted to NMCH,
Patna.

Methodology:

The present study was planned in Department of
Pediatrics, Nalanda Medical College and Hospital, Patna,
Bihar, India. The study was planned from January 2018 to
November 2018. In the present study 50 childrens of age
up to 18 years having fever more than 7 days were
enrolled. These cases were enrolled based on the Widal
positive or positive cultures were enrolled in the present
study.

All the patients were informed consents. The aim and the
objective of the present study were conveyed to them.
Approval of the institutional ethical committee was taken
prior to conduct of this study.

Following was the inclusion and exclusion criteria for the
present study.

Inclusion criteria:  Positive blood culture for Salmonella
typhi and/ or Salmonella paratyphi organisms. Significant
Widal titre. A repeat fourfold rise in Widal test titer.
Exclusion criteria:. Patients  with  respiratory  tract
infection (tuberculosis, pneumonia); Patients with urinary
tract infections;. Patients with malaria;
Immunocompromised patients (AIDS); Patients who had
already vaccinated with typhoid vaccine.

Results & Discussion:

Diagnosis of enteric fever is fraught with problems.
History, physical findings and fever pattern are suggestive
but can neither confirm nor exclude typhoid. Blood culture
is the 'gold standard' for diagnosis and also gives
information about antibiotic sensitivity of the isolate;
however the cost of cultures and administration of prior
antibiotics are hindrance in this diagnostic approach.

Assessment of a child presenting with fever without an
obvious focus is a challenge to most of us. To determine
the etiology and plan the management in the first few days
is always difficult and yet imperative. In view of the anxiety
of the parents, most pediatricians have the tendency to
start some antibiotics before any real clue about the
etiology irrespective of the act that most of these fevers
might just be of viral etiology. In enteric fever this initial
antibiotic might modify the course of the disease and pose
significant difficulty in interpretation of lab investigations.
Typhoid fever also known as “Enteric fever”, is a collective
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term that refers to both typhoid and paratyphoid fever. It
is one of the most common causes of fever in children with
variable presentations and significant difference in the
signs and symptoms compared to adults. [23] It is a
common infectious disease presenting as acute
multisystem febrile illness caused by gram negative
organism several serovar-S. enterica serotype typhi
(formerly S. typhi).

Enteric fever, a systemic infection by Salmonella enterica
serotype Typhi (S. Typhi) or Salmonella enterica serotype
Paratyphi A (S. Paratyphi A), affects around 11-21 million
individuals globally with a high mortality. [23-26]. India has
a very high disease burden (214.2 per 1,00,000
individuals/year) [26], primarily affecting children 5 to 15
years. Recently, there have been concerns of increasing
proportion of infections in very young children, rising
paratyphoid infections, and emerging drug resistance. [26-
27] Also, there are challenges in diagnosis and
management of enteric fever due to lack of laboratory-
based investigations. [28-29] While blood culture remains
the gold standard of diagnosis, the mainstay in developing
countries are serological tests, which are suboptimal due
to lack of standardization and uniformity0. [29]

Typhoid fever imposes a serious global burden amounting
to 26.9 million cases (symptomatic infection with
Salmonella typhi) of typhoid fever reported in 2010 and
apparently 5.74 lakh deaths worldwide. [30] Inspite of
provision of safe water and sanitation, better treatment
and vaccination, burden of the disease in certain areas of
the Globe is however remaining quite high and moreover
the disease is becoming more complex in certain areas of
World like some parts of African Subcontinent. [31]

There has been intense study regarding the genomics of
S.typhi and the genetic mechanism behind its unique
human-adaptiveness. There has been exciting new genetic
technological innovation to demonstrate that the same
genes in S.typhi and S.typhimurium may have different
regulatory pathways and different function. This
understanding may help for developing newer target for
vaccine development and new antibacterial drug for
S.typhi in endemic areas. [31]

Table 1: Basic Details

Table 2: Symptoms & Physical Findings

Symptoms Observed in No. of Cases
Fever 50

Anorexia 31

Vomitting 22

Pain Abdomen 10

Diarrhea 8

Headache 6

Cough 5

Physical Findings Observed in No. of Cases

Toxic look 35
Coated tongue 25
Hepatomegaly 22
Splenomegaly 10
Hepatosplenomegaly 8
Pallor 5

Table 3: Laboratory Parameters

Laboratory Parameters Observed in No. of Cases

Hemoglobin:

Anemia (Hb <11g%) 8
Total leukocyte count:

Leucocytosis (>11000cells/mm3 ) 7
Leucopenia (<4000 cells/mm3) 17
Polymorphs:

Neutropenia 20
Neutrophilia 16
Eosinophils:

Eosinophilia 4
Eosinopenia 19
Platelets:

Thrombocytopenia 7
SGOT: Elevated

SGPT: Elevated 6
Widal titres:

TO >1:100 45
TH >1: 200 41
Blood culture positive: Salmonella 12

Parameters No. of Cases
Sex:

Males 31
Females 19
Age:

Less than 1 year 11
1-5years 14
6 —10 years 9
11-15 years 6
Hospital Stay:

1-3days 12
3 -7 days 32
More than 7 days 6

Our findings are similar to most of the studies who have
reported typhoid fever being more common beyond 5
years of age. [32] The higher incidence in school going
children can be explained from the fact that school
children are at high risk of consuming contaminated
drinking water. They are also exposed to various food
items from street vendors. These factors make them more
vulnerable to exposure to typhoid bacilli. Hoverer the
study of Sinha A et al found almost equal incidence in the
two age groups. This however can be attributed to the fact
that they carried out their study in a low-income urban
area of Delhi, with active surveillance for case detection.
[33] Variability in diagnosis among younger children could
be related to the high incidence of other illnesses in this
age group, difficulty in obtaining adequate volumes of
blood for culture, lower rates of exposure, and protective
effect of breastfeeding. Also, we didn“t find any sex
predilection in this study, Different researchers [34-36]
have also reported variable sex incidences. In this study,
fever was the presenting symptom in all the patients which
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was more of remittent or intermittent type, classical
stepladder rise of temperature was not seen.

Chow et al investigated usefulness of widal test in
diagnosing typhoid fever in endemic areas in children.
They found widal test to be positive in 88% of typhoid
fever cases on 1st occasion when the test was done. [37]
Parry et al also reported that 83% of blood culture positive
cases of typhoid fever had a positive widal test. [38]

Few studies have been conducted on hematological profile
of typhoid fever patients with no reported study in our
region. Akgun et al reported leucopenia in 20% of patients.
[39] Yaramis A et al [40] reported leucopenia in 18% &
thrombocytopenia in 10% of cases in their study on
pediatric population. They reported a left shift in 78% of
cases. Leucocyte count is usually not less than 2500/mm3
and severe leucopenia (less than 2000/mm3) is very rare.
[37] Leucocytosis is commonly seen in children in first 10
days of illness & in cases of hemorrhage. P K Yap & C T
Chua [41] observed anemia in 13%, leucopenia in 16 % &
thrombocytopenia in 32% of cases in their study. Malik A S
& Malik R H [42] found thrombocytopenia in 26% of
typhoid fever cases in Malasian children. Ifeanyi O E
reported reduced PCV, reduced neutrophil count and
relatively raised lymphocyte count in typhoid patients. [44]

Thrombocytopenia is generally seen as a complication of
typhoid fever. However it can also be encountered as a
presenting symptom. [43]

The main limitation of this study is hospital-based nature
of data, which may not reflect the actual situation in the
community. The clinical history and examination
conducted by different team members at different time
periods might have lacked uniformity. The use of
antibiotics prior to hospitalization was based on a solicited
history, and lacked documentation of specific drug in few
cases. Discretionary use of hepatic enzymes and
serological tests limited the number available for analysis.
Minimum inhibitory concentration (MICs) and genomic
sequencing of the isolates could have provided more
insights into the emerging antimicrobial resistance, but
were not available in this study. The retrospective nature
of data and small sample size for trend comparison were
other potential limitations.

Conclusion:

The data generated from present study concludes that
Typhoid fever manifestations are diverse. The most
common symptoms apart from fever were anorexia,
vomiting, pain abdomen, diarrhoea followed by headache
and cough. The Serum parameters are also seen changed
in the Typhoid affected patients. Typhoid fever remains a
major public health problem in the developing countries
predominantly seen in school going children among
pediatric age group.
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