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ABSTRACT

INTRODUCTION: India has the highest enteric fever burden in Southeast Asia. Currently, blood culture is the
gold standard, howewer, its value is limited due to delayed results. Widal is used in low-resource settings despite its low
specificity. This study tends to ascertain the potential of absolute eosinopenia as an early marker in laboratory-
confirmed cases of enteric fever; to analyse its association with in-hospital events; and to obtain its occurrence in
different serovars of Salmonella.

METHODS: This is a twoxyear hospital-based retrospective observational study involving 39 patients in a Tertiary
Care Hospital at Puducherry. Patients with enteric positive bodily fluid culture or Widal were included. Those with
known comorbidities affecting eosinophil counts, mixed growth in culture, antibiotic usage before admission, and
antenatal women were excluded. AEC of 0 was considered significant. Data was analyzed using descriptive and
inferential statistics. A pvalue of <0.05 was considered significant.

RESULTS: Absolute eosinopenia was observed in 71.80% (n=39). Significant correlation was observed between
eosinopenia and systemic signs, with the most common being abdominal tenderness in 12 patients. No significant
correlation of eosinopenia with in-hospital events or type of serovar was observed.

DISCUSSION: This study demonstrated a strong correlation between absolute eosinopenia and enteric fever. With
the right clinical suspicion, absolute eosinopenia has a prospective use as a viable diagnostic marker of enteric fever
for physicians with limited resources.
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INTRODUCTION:

“Enteric fever” is a common clinical diagnosis that refers to a bacterial infection comprising two
infections: Typhoid and Paratyphoid fever. This illness is brought on by Salmonella enterica, a gram-
negative bacterium that is a member of the Enterobacteriaceae genus. Compared to Salmonella serovars
Typhi (typhi) and Paratyphi A, serovars B and C are less commonly seen in clinical settings.'

By ingesting tainted food or water, humans can acquire the organism through the feco-oral route.” The
amount consumed, the acidity of the stomach, and the host's intestinal integrity all have a significant
impact on how severe the disease is.” After passing through the intestinal mucosa, the organism penetrates
the M cell and is phagocytosed by the macrophages. The ileal lymphatics then allow it to enter the
reticuloendothelial system, which includes the bone marrow, lymph nodes, liver, and spleen. Even though
the majority of cases are symptomatic, some carriers may not exhibit any symptoms and still spread the
disease.

India alone is responsible for 75% of enteric fever deaths and 82% of cases in South Asia.” However; the
supplied data is primarily limited to the public healthcare system and comes from a small portion of the
population. The private sector provides a sizable amount of the nation's outpatient care. However, this
sector's case surveillance is either inadequate or nonexistent.® Additionally, over-the-counter antibiotics
are easily accessible to the general public, which further reduces the likelihood of identification and
effective case reporting.” Consequently, these figures are likely to be greatly underestimated. According to
the WHO/UNICEEF Joint Reporting Form on Immunization (JRF), which was released in 2023, India
has the greatest enteric fever burden of any country in Southeast Asia.®

Disease endemicity has been exacerbated by a number of factors, including inadequate human waste
management, limited access to clean water supplies, rapid population increase, increasing urbanization,
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and overburdened healthcare systems.” Early diagnosis and appropriate treatment should be the main
approaches to managing enteric fever in these circumstances. '

Most people with enteric fever are found and treated in the community. In 1 in 3 to 1 in 10 cases,
hospitalization is necessary because of a complication, a decrease in the clinical status, or failure in
defervescence."

In a secondary and tertiary care setup, blood culture is most commonly utilized as the gold standard
diagnostic modality for enteric fever, along with other bodily fluid cultures like urine, stool, and bone
marrow.'” The value of these tests in early disease management is limited because they often yield delayed
results due to the slow bacterial growth. In addition, these tests are less useful if antibiotics have been
used in the recent past. Consequently, antibiotic resistance could develop as a result of inappropriate
treatment.’

In healthcare settings where more precise diagnostic methods for enteric fever are unavailable, the Widal
test is only the most widely used technique despite its low sensitivity and moderate specificity. '
PCR-based tests and ELISA are also commercially accessible, but their high cost is unsuitable in
developing nations such as India.” Whilst a small number of patients also exhibit hematological
indicators such as high erythrocyte sedimentation rate (ESR), thrombocytopenia, and neutropenia, their
sensitivity and specificity are debatable.'®

So in most instances, physicians need to rely on their experience and have to depend on the presenting
clinical symptoms, which are indistinguishable from those of other febrile illnesses. To overcome these
difficulties, a rapid, precise, and inexpensive predictive marker for early diagnosis is required.

Recent research has identified absolute eosinopenia as a common occurrence in enteric fever while others
have observed normal or above normal eosinophil count.'”"

Traditionally, increased eosinophil levels have been linked to allergies and parasite infections. We already
know that eosinopenia is a subsequent stress reaction to an acute illness."” The eosinophil cut-off values
are still unknown, though. Eosinopenia, which has been frequently seen in some bacterial infections
linked to sepsis, is strongly correlated with procalcitonin and C-reactive protein.**

On the other hand, little is known about the relationship between eosinopenia and the disease's clinical
progression. Furthermore, little is known about the connection between various Salmonella serovars and
eosinopenia. When assessing a case of Pyrexia of Unknown Origin (PUO) or Acute Undifferentiated
Febrile Illness (AUFI), this could significantly aid doctors in reducing the differential diagnosis.
Therefore, this study intends to investigate the correlation between eosinopenia and enteric fever, and
thus assess the possibilities of using absolute eosinopenia as an early diagnostic and predictive marker of
enteric fever.

OBJECTIVES OF THE STUDY:

Primary Objective:

1. To ascertain the potential of absolute eosinopenia as an early surrogate marker in laboratory-confirmed
cases of enteric fever.

Secondary Objective:

1. To determine the frequency of absolute eosinopenia in patients with enteric fever.

2. To analyze the association between absolute eosinopenia and in-hospital events.

3. To obtain the occurrence of absolute eosinopenia in different serovars of Salmonella enterica.

MATERIALS AND METHODS:

This research is a two-year hospital-based retrospective observational study involving 39 patients who were
admitted and diagnosed with enteric fever in a Tertiary Care Hospital at Puducherry between 01,/01,/2023
and 15/02/2025.

Patients diagnosed with enteric fever by Widal test or one culture positive for Salmonella in any bodily
fluid (blood, urine, or stool), age more than 13 years and both Genders were included in the study.
Patients with known comorbid conditions affecting eosinophil count such as allergies, autoimmune
diseases, or parasitic infestations; cultures with positive for a second organism at the same time; who had
taken antibiotics before getting admitted to the hospital and antenatal women were excluded from the
study.

Data collection:
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Retrospective data from the MRD was collected after the Institute’s SRC and IEC approval (Ref no:
42/SVMCH/IEC-Cert/May.25). The patient’s brief medical history and examination findings along with
reports of total count, percentage of eosinophils, Widal, and bacterial culture were collected from the
case sheets. Widal titers of 1:160 or higher (strong positive) in the second week of illness were considered
significant. Absolute Eosinophil Count (AEC) was calculated using the formula: AEC = Total counts *
Percentage of eosinophils. Absolute eosinopenia i.e. AEC of O was considered significant.

Gender distribution

Male

24 (62%) H Female

STATISTICAL ANALYSIS:

Data was entered in MS Excel and analyzed using SPSS software version 23.0. Data was analyzed using
descriptive and inferential statistics. Quantitative data was analyzed using frequency distribution and
mean standard deviation. Association was analyzed using chi-square and ANOVA tests. A p-value of <0.05
is considered significant.

RESULTS:
Figure 1: Frequency distribution of Age among the participants (n=39)

Figure 1 shows the bar chart representing the distribution of age among the participants. It shows that
the maximum cases i.e. 19 (48.70%) belong to the age group of 20 - 40 years followed by 11 (28.20%) in
40 - 60 years, 5 (12.80%) in < 20 years, and 4 (10.30%) in > 60 years of age.

Figure 2: Frequency distribution of Gender among the participants (n=39)
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Figure 2 shows the pie chart determining the frequency distribution of gender among the participants. It
shows that the majority of participants were male 24 (62%) and the remaining 15 (38%) were female.
Figure 3: Frequency distribution of Residence of the participants
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Figure 3 shows the frequency distribution of residence of the participants. It shows that the majority
of the participants i.e. 20 (51.20%) belong to semi-urban areas, followed by 12 (30.70%) from rural areas
and 7 (18.10%) from urban areas.

Figure 4: Frequency distribution of Disease prevalence (n=39)

Figure 4 shows the frequency distribution of disease prevalence from 2023 to 2025. It shows that the
majority of cases i.e. 32 (82.05%) were in 2024, followed by 4 (10.25%) in 2023 and 3 (7.70%) in 2025.

Table 1: Frequency distribution of presenting symptoms among the participants (n=39)

Presenting symptoms Frequency Percentage (%)
Fever 35 89.70%
Loose stools 15 38.40%
Vomiting 14 35.89%
Abdominal pain 9 23.07%
Headache 5 12.82%
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Body pain 5 12.82%
Productive cough 4 10.25%
Joint pain 3 7.69%
Weight loss 2 5.12%
Burning micturition 2 5.12%
Breathlessness 1 2.56%
Dry cough 1 2.56%

Table 1 determines the frequency distribution of presenting symptoms among the participants. It shows
that the majority i.e. 35 (89.70%) of participants presented with fever as a presenting symptom followed
by loose stools among 15 (38.40%), vomiting in 14 (35.89%), abdominal pain in 9 (23.07%), headache
in 5 (12.82%), body pain in 5 (12.82%), productive cough in 4 (10.25%), joint pain in 3 (7.69%), weight
loss in 2 (5.12%), burning micturition in 2 (5.12%), breathlessness in 1 (2.56%) and dry cough in 1
(2.56%) participant.

Figure 5: Frequency distribution of systemic examination findings among the participants (n=39)

Figure 5 shows the line diagram representing the frequency distribution of systemic examination findings
among the participants. The majority of participants 21 (53.80%) had no findings. Around 13 (33.30%)
participants were found to have abdominal tenderness followed by crackles in 2 (5.20%), splenomegaly
in 2 (5.20%), and wheeze in 1 (2.50%).

Figure 6: Frequency distribution of hospital admission among the participants (n=39)

Figure 6 shows the frequency distribution of hospital admission among the participants. The majority of
participants 34 (87.20%) got admitted into the Ward while only 5 (12.80%) got admitted into the
intensive care unit.

Figure 7: Frequency distribution of the presence of complications among the participants (n=39)
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Figure 7 shows the frequency distribution of the presence of complications among the participants. It
reveals that about 22 (56.50%) had one or the other complication while 17 (43.60%) had no
complications.

Figure 8: Frequency distribution of complications among the participants (n=39)

Figure 8 shows the frequency distribution of complications among the participants. Among 39
participants, 22 (56.4%) had complications as depicted in the bar chart above. Bowel wall edema was
detected in 6 (15.30%) followed by hypovolemic shock in 5 (12.80%), acute kidney injury in 3 (7.60%),
mesenteric lymphadenitis in 2 (5.20%), appendicitis in 2 (5.20%), reactive arthritis in 2 (5.20%),
metabolic acidosis in 1 (2.50%) and hepatitis in 1 (2.50%) participant.
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Figure 9: Frequency distribution of diagnostic modalities among the participants (n=39)
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Figure 9 shows the frequency distribution of diagnostic modalities among the participants. Among 39
participants, the majority 21 (53.80%) had undergone Widal test for diagnosis while culture was done for
the

Diagnostic modality 21 (53.80%)

60.00% 4(10.40%)
50.00%

30.00% 14 (35.80%)

Percentage

20.00%
10.00%

0.00%
Culture Widal

® Blood m Stool
remaining 18 (46.2%) participants. Of the 18 participants, 14 (35.80%) were diagnosed with blood

cultures while 4 (10.40%) with stool cultures.
Table 2: Frequency distribution of type of serovar among the participants (n=39)

Type of serovar Frequency Percentage (%)
Typhi 26 66.60%
Paratyphi A 7 17.90%
Paratyphi A 6 15.50%
Table 2 shows the

frequency distribution of type of serovar among the participants. It depicts that about 26 (66.60%) were
diagnosed with Typhi serovar followed by 7 (17.90%) Paratyphi A and 6 (15.50%) Paratyphi B.

Figure 10: Frequency distribution of Absolute eosinopenia among the participants (n=39)

Figure 10 shows the frequency distribution of absolute eosinopenia among the participants. It shows that
the majority 28 (71.80%) had absolute eosinopenia and 11 (28.20%) did not.
Table 3: Association between Absolute eosinopenia and type of admission (n=39)

Absolute eosinopenia Type of admission P - Value

Ward ICU (Fischer’s Exact)
Present 24 4 0.662 (0.562)
Absent 10 1

Absolute Eosinopenia

11 (28.20%) Present
28 (71.80%) Absent

Table 3 shows the association between absolute eosinopenia and type of admission. There was no
statistically significant association between absolute eosinophil count and type of admission since the p-
value is not < 0.05.
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Table 4: Association between Absolute eosinopenia and different types of serovar (n=39)

Absolute eosinopenia Type of serovar P - Value

Typhi Paratyphi A Paratyphi B (Chi-square value)
Present 17 6 5 0.451 (1.592)
Absent 9 1 1

Table 4 shows the association between absolute eosinopenia and different types of serovar. There was
no statistically significant association between absolute eosinophil count and type of serovar since the p-
value is not < 0.05.

Table 5: Association between Absolute eosinopenia and systemic findings (n=39)

Absolute Systemic findings P - Value

eosinopenia Abdominal Crackles Splenomegaly Wheeze Nil (Chi-square
tenderness value)

Present 12 0 1 0 15 0.029 (10.808)

Absent 1 2 1 1 6

Table 5 shows the association between absolute eosinopenia and systemic findings. There was a
statistically significant association between absolute eosinophil count and systemic findings with p-value

<0.05.

Table 6: Association between Absolute eosinopenia and development of complications (n=39)

Absolute eosinopenia Complications P - Value

Present Absent (Chi-square value)
Present 15 13 0.103 (2.662)
Absent 9 2

Table 6 shows the association between absolute eosinopenia and the development of complications.
There was no statistically significant association between absolute eosinophil count and complication.

DISCUSSION:

Due to its high rate of death and morbidity, enteric fever is regarded as a disease of concern, especially in
developing nations. It is usually a brief febrile disease with minimal complications but it can also prove
potentially fatal if treatment is not received. In recent years, India has seen an increase in the number of
cases of enteric fever. Estimated data shows India has the largest typhoid burden in the world, with 10
million cases of typhoid fever reported in 2021.** Early diagnosis and treatment are crucial in combating
this global menace. Considering the time-consuming nature of bacterial cultures and the low sensitivity
and specificity of Widal test in endemic regions there is a lacuna for an easily affordable, quick, and
specific marker to distinguish enteric fever from other febrile illnesses."™

We enrolled 39 inpatients with laboratory-confirmed enteric fever in our study. The patients ranged in
age from 14 to 70 years old, with a mean age of 36.87 + 16.125 years. Sixty-two percent of the patients
were male. In comparison to 2023 (10.25%), the diagnosis and reporting of cases increased dramatically
in 2024 (82.05%). This is in line with the WHO/UNICEF JRF 2023 statistics, which shows that the
number of cases with enteric fever has increased recently (4.02 lakh cases in 2022 to 5.74 lakh cases in
2023).% One factor contributing to the issue may be the increase in the consumption of packaged foods
and meals from street vendors. This is especially true while consuming dairy products because it provides
an ideal environment for S. typhi to grow.”

We observed that the majority of the patients were hailing from the semi-urban (51.20%) or rural
(30.70%) localities, while only a small number of patients were reported to be from urban areas (18.10%).
This geographical predilection may be a result of unplanned urbanization, inadequate water storage, poor
sanitation, and environmental changes.’

Fever (89.70%) was the most frequent presentation, followed by vomiting (35.69%) and loose stools
(38.00%). The same results were found in a research by Tulika et al. Following gastrointestinal problems
(anorexia in 71.33%, vomiting in 38.67%, and loose stools in 5.33%), fever was observed in 100% of
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cases.”* Furthermore, our study found that abdominal soreness (33.30%) was commonly reported. The
macrophages' production of cytokines in response to the bacterial products results in fever and discomfort
in the abdomen. Many S. typhi strains emit toxins that cause intestinal mucosal inflammation and cause
gastrointestinal symptoms like diarrhoea and vomiting. In severe cases, these poisons also result in
multisystem involvement and unusual presentation.*
Only a small number of the cases (12.80%) were admitted to the intensive care units, indicating the brief
course of the illness and response to therapy. 56.50% of the cases reported complications, with the most
frequently encountered bowel wall edema (15.30%), hypovolemic shock (12.80%), and acute kidney
injury (7.60%).
Complete blood count analysis showed leucopenia in 30.70% and leucocytosis in 18.10% of cases while
the others (51.20%) had normal Total Leucocyte Counts (TLC). Neutrophilia in 25.70%, lymphopenia
in 35.80%, and lymphocytosis in 10.40% were observed in the Differential Leucocyte Count (DLC). From
data by Qamar U et al, leucopenia was observed in 52%, neutropenia in 32%, neutrophilia in 23%,
lymphopenia in 8%, and lymphocytosis in 12%.? Neutropenia was not seen in our investigation, despite
the fact that the frequencies of neutrophilia and lymphocytosis were similar. Furthermore, our study had
relatively greater rates of lymphopenia and leucocytosis. Neutropenia has been thought to be caused by
dysregulated granulopoeisis and expanded margination.”® Neutrophilic leucocytosis is considered a
symptom of complication, whereas neutrophilia occurs after relative lymphocytosis during the recovery
period.”” Intestinal irritation, perforation, or subsequent infections can all result in leucocytosis.”®
Although lymphopenia is recognized to be caused by enteric fever the precise mechanism is yet
understood.” As observed in different viral infections, it might be secondary to lymphocyte death through
apoptosis, pyroptosis, autophagy, and antibody-dependent cell-mediated cytotoxicity.™
Absolute eosinopenia was found in 71.80% of the samples (n = 39). This is in line with what other research
has found. Absolute eosinopenia was seen in 93.33% of the patients in Gandhi et al.”’ Mallya et al.
observed absolute eosinopenia in 93.9% of cases, while Lokhandwala et al. observed it in 100% of
cases. "’
Eosinophils make up 1-4% of all white blood cells in circulation. They are essential for the immunological
and inflammatory reactions to normal or pathological stimuli because they stimulate tissue remodeling
and local inflammation.*” Adrenaline and adrenal glucocorticosteroids play a key role in maintaining
eosinophil homeostasis. Chemotactic substances such as fibrin and C5a rapidly sequester eosinophils in
the periphery during the acute stage of infection.'*
Additionally, we found a statistically significant (p<0.05) association between the results of the systemic
examination and absolute eosinopenia. Compared to patients with normal eosinophil levels, those with
absolute eosinopenia are more likely to exhibit localizing symptoms. In 12 out of 39 patients, stomach
soreness was the most often observed localizing symptom.
Numerous investigations have provided an explanation for the process by which eosinopenia results in
clinical symptoms in acute bacterial infections. Gram-negative bacteria's lipopolysaccharides trigger type
1 or T helper 1 (TH1) cell-mediated inflammation. They cause harm to host tissue and phagocyte activity
by releasing cytokines that set off a pro-inflammatory cascade.
However, type 2 or T helper 2 (TH2) cell-mediated inflammation results in eosinophil activation for
extracellular organisms that cannot be phagocytosed. This aids in tissue healing by activating
myofibroblasts and promoting angiogenesis. A loss of balance between type 1 and type 2 inflammation is
associated with poor infection outcomes.” Reduced eosinophil numbers could be a sign of immunological
dysregulation because they are linked to type 2 inflammation. Eosinopenia has been shown to be a reliable
indication of bacteremia in patients in need of intensive care unit treatment, and there is an inverse
relationship between eosinophils and bacterial burden.(*****¢7%¥%) However, our study found no
statistically significant relationship between the type of serovar, the kind of hospitalization, or the
development of complications and absolute eosinopenia.

CONCLUSION:

Our current study demonstrated a strong correlation between absolute eosinopenia and enteric fever.
Absolute eosinopenia has a prospective use as a viable diagnostic marker for enteric fever. With the right
clinical suspicion, it may direct and narrow the diagnosis towards enteric fever, thus aiding in prompt
treatment, particularly in low-resource settings. This study would become more universally applicable if
similar studies involving a larger sample size and multiple centres are undertaken in the near future.
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