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Abstract. [Typhoid fever is an acute febrile disease caused by Salmonella typhi bacteria
that is obtained orally either through food or from drinks.Many immunological activities
that occur due to salmonella infection so that immunomodulators are needed to speed up
the healing of one of them by using pirdot leaves. Pirdot leaves are widely distributed in
Indonesia, especially in the Lake Toba area of North Sumatra.This plant has many bioactive
components, one of which is flavonoids.The flavonoid component of pirdot Leaf has been
widely studied and is believed to improve the immune system because it is able to increase
the production of IL-2 which is involved in the activation and proliferation of lymphocyte
cells and can increase T CD4 cells. T CD4+ it self is a signal transduction marker in the
mechanism of typhoid fever that can activate Antigen Precenting Cell (APC) to provide
resistance to foreign substances. ]
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1 Introduction

Typhoid fever one acute febrile illness, which is life-threatening and is the cause of health
problems. Each year worldwide there are 26 million cases of typhoid fever and 5 million cases
of paratyphoid infection resulting in 215,000 deaths[1].According to WHO it is estimated that
around 11-21 million cases of typhoid fever worldwide and every year an estimated 128,000-
161000 deaths occur, the most cases are in South Asia and Southeast Asia [2]. In Indonesia,

typhoid fever is an endemic disease that reaches 500 cases per 100,000 population per year [3].

In typhoid fever Salmonella typhi acts as a foreign substance so that the immune system will
protect the body from infectious agents, if the immune system is sufficient to fight infectious
agents then no infection occurs, and vice versa the body will be easily exposed to infectious
agents if the immune system in the body is insufficient [4]. The immune system itself is divided
into two, namely non-specific immune response or natural immune system (innate immunity)
and specific immune response or adaptive immune system (acquired immunity) also occurs in

Salmonella typhimurium infection.

The nonspecific immune response is a defense system that is directed not only at one type of
antigen but can be several antigens. Salmonella typhi infection causes bacteremia, so that all
body tools can be affected, including the liver, especially the liver is a reticuloendothelial organ
that functions in eliminating bacteria. In typhoid fever, Salmonella typhi acts as a foreign
substance that cannot be recognized by the body's defense system, so it is necessary to activate
the T CD4+signal transduction. T CD4+ is a signal transduction marker in the mechanism of
typhoid fever, Salmonella thypi enters the cell directly activates Antigen Precenting Cell (APC)
to provide resistance to foreign substances to activate T cells with the help of T CD4+ to secrete
inflammatory cytokines such as IL1, 1L2, IL4 and IL-12 [4]. Previous research proved that the
decrease in typhoid fever was evaluated by assessing T CD4+levels. So it was concluded that T
CD4+ one of the immune system that plays a role against salmonella infection that provides

protection both in lymphoid and non-lymphoid tissues, one of which is the liver [5].

The high activity of CD4 + leads to activation of T and Thelper cells in the inflammatory
mechanism. Activation of T cells causes the release of inflammatory cytokines INF and IL-2 is
high, as a response of the entry of foreign substances in the body as a marker in the
phagocytosis of foreign substances in neutralizing the abnormal state of high levels of T CD4+
cells. So that both are interrelated in the mechanism of typhoid fever so that high levels of T
CD4+ cells cause high levels of IL-2. Several previous studies have proven that there is a

relationship between T CD4+ cells and IL-2 levels[6].

Plants that have many potential bioactive chemicals one of them is the pirdot plant. Bioactive
chemical components detected in 3 leaves pirdot alkaloids, flavonoids, saponins, triterpenoids,

and tannins [7]. Flavonoids can increase the body's defense system because they are able to
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increase the production of IL-2 which is involved in the activation and proliferation of
lymphocyte cells [8], and can affect T CD4+ cells, then cause Thl cells to be activated.
Previous research data prove that, the administration of extracts and red blood cells of sheep in
mice caused an increase in IL-2 due to anti-inflammatory effects caused by the content of

flavonoids pirdot leaves[7] .

Pirdot Plant

Pirdot (Saurauia vulcani Korth.) is a plant of the genus Saurauia spread in Indonesia. Pirdot is
found only in Lake Toba watershed of North Sumatra, Indonesia [7]. Pirdot leaves are also
found found from Lumban Julu, Sipangan Bolon, brand, to Sipiso-piso [9]. Plants that have
many potential bioactive chemicals one of them is the pirdot plant. Bioactive chemical
components detected in 3 leaves pirdot alkaloids, flavonoids, saponins, triterpenoids, and
tannins [10]. The function of flavonoids is very much as antifungals, antioxidants, antibacterial
and antiinflammatory digestive and Wound Skin parts [11]. From several studies have shown
that the immunomodulatory activity on flavonoids can also regulate innate and adaptive
immunity which has previously been proven that in the laboratory flavonoid compounds can
increase the production of IL-2 can increase the proliferation and differentiation of T cell
lymphocytes, B cells and NK cells. Lymphocyte proliferation that occurs will affect T CD4+
cells, which will activate Th1 cells [12]

Salmonella typhimurium

Salmonella typhimurium can cause an extensive disease that is part of the salmonella bacteria
group. Salmonella typhi has the characteristics of Gram-negative rod bacteria, does not spore,
moves with flagella, and is facultative anaerobic [13]. The main symptoms of typhoid fever are
fever and malaise, but serious complications can occur, such as intestinal bleeding or

perforation, encephalitis, respiratory infections, and abscess metastasis [14].

The structure of the antigen for salmonella it self is that the bacterium has three antigen
structures, namely antigen Vi (capsule), H (flagellum), and O (somatic). For O (somatic)
antigens are resistant to heating to a temperature of 100°C, acids and alcohols. H Antigen
(flagellum) will be damaged on heating with temperature more than 60°C, acid, and alcohol.
antigen Vi (capsule) is a polysaccharide polymer with acidic properties that breaks down at
60°C heating with the addition of acid and phenol for 1 hour, and is present on the outside of
bacteria [13].

Pathogenesis of Salmonella typhimurium

In the early stages of typhoid fever is transmitted through food or drink contaminated with

human feces containing Salmonella typhimurium bacteria, then s bacteria S.#yphimurium enters
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the body and the bacteria enter the payers patches of the mucous surface of the intestinal tract
by activating M cells, the body has specific epithelial cells that will capture and carry antigens
to the luminal to be captured by phagocytic cells. The inflammatory process is followed by
bacterial phagocytosis by neutrophils, macrophages and the formation of T and B cells.The
infecting bacteria can persist in the Mesenteric [ymph nodes (MLNs), bone marrow and gall
bladder for life, and there is periodic division on the mucosal surface through the bile ducts or
mesenteric lymph nodes (MLNs) of the small intestine, and shedding can occur from the
mucosal surface. T cells can secrete Interferon (IFN-y ), which plays a role in controlling
intracellular salmonella replication. Production (IFN-y) and tumor-necrosis factor (TNF-y")
cytokines can be increased by IL 12 and IL 12 contributes to the control of defenses against

salmonella infection [15].

The first bacteremia occurs when Salmonella typhimurium bacteria enter systemically into the
bloodstream after passing through the mesenteric lymph channels and then reach the
Reticuloendothelial System (RES) located in the liver and spleen organs and body
tissues.Salmonella typhimurium multiplies in mononuclear phagocytic cells in the lymph
follicles of the small intestine,mesenteric lymph nodes, liver and spleen.When incubation is
complete, Salmonella typhimurium will exit through the thoracic duct into the systemic
circulation there is a second bacteremia until it reaches the organs.Emerging symptoms of
infection are determined by virulence and number of Salmonella typhimurium as well as the
immune response of infected humans . The bacteremic phase of typhoid fever is indicated by the
spread of Salmonella typhimurium germs to various organs such as the liver, spleen, bone

marrow, gall bladder, and Peyer's patch on the terminal ileum[16].

T CD4+

T CD4 + is one type of white blood cell that plays a role in the immune system that goes into
the type of T lymphocytes or T cells.T CD4 + cells are made in the thymus gland and then
circulate in the blood and lymphatic system throughout the body. Each B-cell has an Ag
receptor on its surface to capture antigens. Then the Ag will be processed in the B-cell near
MHC II and then the B-cell becomes APC. T-helper cells (Th) approach APC B cells and with
the help of TCR and T CD4+[17].Th will interact with APC B cells and Th cells will be
activated and release cytokines or lymphokines (IL-2, IL-4, IL-5 and IFN-B), these products will
induce other B-cells to divide, proliferation and differentiation. Furthermore, T CD4 + cells are

activated and produce IL-2 so that there is an increase in the ability to kill the antigen [4].

Interleukin 2

Interleukin 2 (IL-2) is a cytokine with 4 (four) helical a bundles that exerts its biological activity
by binding to high-affinity IL-2 receptors (IL-2R). IL-2R is made up of three subunits of the a
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chain (IL-2ra also known as CD25), the B chain (IL-2r3 also known as CD122) and the y
receptor cytokine chain (yc also known as CD132) which each contribute to The Binding of IL-
2 . Regulatory T cells in a constant state always have IL-2 receptors even though they have not
been activated and binding of IL-2 to receptors on the cell surface activates Treg T cells,
therefore IL-2 is often referred to as T cell growth factor [18]. Interleukin 2 is the development
of antigen-stimulated T cells and functions in the expansion of T cell clones after the antigen is
known. IL-2 receptor expression is enhanced by antigen stimulation, so T cells that can
recognize antigens are the primary cells that proliferate in specific immune responses. 1L-2
increases the proliferation and differentiation of T cells, B cells and NK. IL-2 also eludes the
immune response to its own antigen by increasing T cell apoptosis. The increase in IL - 2 in the
body is followed by an increase in T CD4+, thus IL-2 also acts as an immunomodulator, namely
the overall regulation of the immune system in the body, both in normal and abnormal

conditions [6] .

Immune response of Salmonella

The body is infected with S. Typhi then the body will respond to the bacteria that is by way of
macrophages will destroy the bacteria.Phagocytosis is the initial process for the formation of
APC after contact with bacteria[19].Salmonella induces the release of Thelperl and
Thelper2.When APC is formed, the immune response changes from an innate immune response
to a specific immune response.Once the APC is formed, Salmonella has proliferated in
macrophages [20].Cytokines Thl andth2 are elevated during salmonellosis, interleukins that
come into play(IL-1,IL-2,1L.4,IL-16,IL-8,IL-9,IL-10,IL-13,IL-15,IL-17) interferon-gamma
comes into play also in the cellular immune response increased in the blood even after healing .
Salmonella-specific T CD4+ cells plays a role in immunity to salmonella infection, T CD4+
cells provides protection both in tissue and in circulation, one of which is the liver.In previous
studies after immunization with salmonella vaccine attenuated CD4+ effectively increased so as
to provide protection to the liver [21].In mice that have been infected with salmonella then mice
immunized with LVS the most appropriate location to check immunity chained CD4+ T cells in

nonlimphoid organs is hepar [22].
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