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most affected, with transmission occurring via contaminated food,
water, or poor hygiene. Salmonella typhi invades intestinal immune
Keyword : tissues (Peyer’s patches), triggering responses from T and B
lymphocytes, though bacterial endotoxins can suppress bone marrow
function, altering leukocyte levels. This study analyzed the
relationship between Widal titer and lymphocyte counts in pediatric
typhoid patients using a cross-sectional design. Data from 526 patients
at Graha Medika Martapura Clinic and Ratu Zalecha Hospital (January
2023-February 2025) were analyzed statistically, with inclusion
criteria of Widal titer >1/320 and complete blood count results. Results
showed 18.8% of patients had elevated lymphocytes, 79.3% had
normal levels, and 1.9% exhibited lymphocytopenia. Higher Widal
titers (1/640) correlated with lower lymphocyte counts (15.8%
elevated vs. 23.0% at 1/320), suggesting immune suppression
mediated by IL-6 through specific signaling pathways. Paradoxically,
some cases showed lymphocytosis (18.8%), likely due to cytokine-
induced immune modulation. Statistical analysis revealed a minimal
correlation (R?=0.006), indicating Widal titer explains only 0.6% of
lymphocyte variation. These findings demonstrate that while Widal
titer has limited predictive value for lymphocyte changes, immune
response mechanisms, particularly involving IL-6, play a critical role
in typhoid fever's hematological manifestations.
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INTRODUCTION

Indonesia remains the third-highest country in the world for typhoid fever cases. The
number of cases tends to increase annually. Approximately 350-810 cases per 100,000
people are reported in Indonesia, with a fatality rate of 3.1-10.4%, primarily due to delayed
diagnosis and treatment (Mitha, Setyowati, Pratiwi, & Utama, 2023). The highest prevalence
of typhoid fever (1.60%) occurs in children aged 5—14 years. Transmission of typhoid fever
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occurs through various routes, commonly known as the 5Fs (Food, Fingers, Fomites, Flies,
and Feces). If a person rarely washes their hands before and after eating, poor personal
hygiene allows Salmonella typhi bacteria to easily enter the body through the oral route
(Lestari, Sukrama, & Nurmansyah, 2019).

Salmonella typhi enters the body via contaminated food or water. After passing through
the stomach, the bacteria penetrate the intestinal wall and invade the gut’s immune defense
tissue, known as Peyer’s patches. There, the bacteria are recognized by immune cells called
Antigen-Presenting Cells (APCs) and combated through phagocytosis. The immune
response then continues with T and B lymphocytes, white blood cells that play a critical role
in fighting infections (Nurmansyah & Normaidah, 2020). Changes in leukocyte (white blood
cell) levels in pediatric typhoid patients occur due to bone marrow suppression caused by
endotoxins released by Salmonella typhi (Samatra, et al, 2017). Consequently,
inflammation develops as part of the immune response (Khairunnisa, Hidayat, & Herardi,
2020). A study by Ekasari & Saroh (2021) found a correlation between Widal titer and
lymphocyte count in typhoid patients. The higher the Widal titer, the lower the lymphocyte
count, suggesting a suppressed immune response in severe cases.

MATERIALS/METHOD

This study employed an observational analytic design with a cross-sectional approach.
The research was conducted at Graha Medika Martapura Clinic, and Ratu Zalecha General
hospital at Banjar Regency, in April 2025. A total of 526 secondary data samples from
pediatric typhoid patients (January 2023—February 2025) were included, selected based on
the following criteria: Widal titer > 1/320 and complete blood count (CBC) results obtained
simultaneously. Samples were collected using purposive sampling. Data analysis was
performed statistically using SPSS version 27, with cross-tabulation and simple linear
regression tests.

RESULTS AND DISCUSSION

The study results revealed that among the patients, 99 cases (18.8%) showed elevated
lymphocyte counts, 417 cases (79.3%) had normal lymphocyte levels, and 10 cases (1.9%)
demonstrated reduced lymphocyte counts

Table 1. Frequency of patients based on result of lymphocyte count

Category Frequency [N] Percentage (%)
Limfositosis 99 18.8 %
Normal 417 79,3 %
Limfopenia 10 1,9 %

Table 2. Crosstabulation beetwen widal titer and lymphocyte count on pediatric patients
with typhoif fever

Widal Lymphocytosis Normal Limphopenia
Titer N % N % N Y%
1/320 51 23,0 169 76,1 2 0,9
1/640 48 15,8 248 81,6 8 2,6

Table 2 reveals that among 222 patients with a Widal antigen O titer of 1/320, 51
cases (23.0%) demonstrated elevated lymphocyte counts, 169 cases (76.1%) showed normal
lymphocyte levels, and only 2 cases (0.9%) exhibited reduced counts. Meanwhile, in the 304
patients with a higher titer of 1/640, 48 cases (15.8%) had elevated lymphocytes, 248 cases



(81.6%) maintained normal levels, while 8 cases (2.6%) displayed decreased lymphocyte
counts, indicating a progressive relationship between antibody titer levels and lymphocyte
response pattern.

Table 3. Statistical analysis using Linear Regression beetwen Widal titer and Lymphocyte
count

Variable tested R value R Square
Widal Titer — Lymphocyte count .079° .006

Table 3 reveals an R Square value of 0.006 (0.6%), indicating that the independent
variable (Widal titer) accounts for only 0.6% of the variation in the dependent variable
(leukocyte count). Meanwhile, Table 2 demonstrates that the majority of patients (76.1%)
exhibited normal lymphocyte counts. Lymphocytes, constituting 25-35% of total leukocytes,
serve as key components of the adaptive immune system (Salerno-Goncalves, Chen,
Bafford, & Sztein, 2024). These cells specifically recognize antigens, enabling them to
distinguish between self and foreign components. During typhoid infection, the innate
immune response initially activates. If ineffective, the adaptive immune system is
subsequently engaged, though this process requires more time. Notably, in early-stage
typhoid fever, lymphocyte activation remains suboptimal, frequently resulting in normal
lymphocyte levels (Firiyani, Pauzi, & Jiwantoro, 2021)

The study revealed that 1.9% of pediatric typhoid patients developed
lymphocytopenia, which can be attributed to concurrent infections impairing bone marrow
function, compromised host immunity, and direct Salmonella typhi invasion. The observed
lymphocyte reduction in this study is partially mediated by IL-6, which inhibits
lymphopoiesis through lymphocyte inflammation and exerts direct cytotoxic effects on
progenitor cells, while also selectively inducing macrophages to produce IL-6, thereby
triggering lymphocyte apoptosis and leading to decreased lymphocyte counts during
Salmonella typhi infection (Kheladi, et al., 2022; Anggraini, 2023). The mechanism of IL-
6-induced lymphocytopenia begins when Salmonella typhi enters the body:
lipopolysaccharides (LPS) activate Toll-like receptor 4 (TLR4) for early infection detection,
while flagellin stimulates TLRS, with both receptors initiating NF-xB signaling to induce
IL-6 production (Eric, et al., 2025; Yin, et al., 2020). Research by (Zhou, et al., 2022) and
(Leisman, et al., 2020) demonstrate an inverse relationship between IL-6 levels and T-cell
counts, indicating that elevated IL-6 reduces lymphocyte numbers by inducing GSDME-
mediated pyroptosis of T-cells while simultaneously blocking lymphopoiesis through
enhanced progenitor cell expansion and suppression of lymphoid options, ultimately
resulting in lymphocytopenia in pediatric typhoid patients.

However, in some cases, lymphocyte counts may paradoxically increase. Bone
marrow suppression frequently occurs in typhoid fever patients, which can lead to elevated
lymphocyte levels—a condition commonly referred to as lymphocytosis (Alugupalli, 2024;
Cheng, et al., 2022; Firiyani, Pauzi, & Jiwantoro, 2021).
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Figure 1. Lymphocytosis mechanism on typhoid fever (Alugupalli, 2024)

The illustration shown in Fig.1 demonstrates how Salmonella typhi bacteria are
engulfed by immune cells called macrophages. Following phagocytosis, these macrophages
release effector proteins like SteE, which shift their role from infection-combating (pro-
inflammatory) to immune response-suppressing (anti-inflammatory). This phenotypic
switch triggers macrophages to secrete cytokines that modulate other immune cells—
particularly lymphocytes. These cytokines selectively inhibit the development of infection-
fighting lymphocyte subsets while promoting immunosuppressive lymphocyte populations.
Consequently, bacterial clearance is impaired, and uncontrolled immune cell proliferation
may occur. This mechanism explains why lymphocyte counts can paradoxically increase
during active infection (Foster, et al., 2021; Gonzalez, et al., 2019).

Table 3 revealed no significant correlation between Widal titer and lymphocyte
counts in pediatric typhoid patients. Simple linear regression analysis indicated that Widal
titer accounted for merely 0.6% of lymphocyte count variation. Nevertheless, these findings
align with (Ekasari & Saroh, 2021) study, demonstrating an inverse relationship between
Widal titers and lymphocyte levels - higher titers correlated with decreased lymphocyte
numbers. Elevated Widal titers reflect humoral immune responses to Salmonella typhi
antigens, which may trigger cytokine storms (particularly IL-6). This cytokine can impair
leukocyte recovery, compromise immune function, and potentially increase mortality risk
(Zhou, et al., 2022)(Zhou et al., 2022; Das et al., 2024), likely explaining the observed
lymphocytopenia in high-titer patients.

CONCLUSIONS

The study findings revealed that pediatric typhoid patients had a mean lymphocyte
count of 35.78. Additionally, the research identified relative lymphocytosis in approximately
18.8% of cases, characterized by increased lymphocyte percentage despite an overall
decrease in total leukocyte count.
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