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A B S T R A C T   

Scrub typhus is an under diagnosed re-emerging vector borne disease caused by an intracellular gram negative 
bacteria, Orientia. The disease is commonly prevalent in rural and hilly areas of Tsutsugumashi triangle. The 
diagnosis of the disease is very challenging due to similarity of its early symptoms with other febrile illnesses, like 
dengue and COVID 19, as well as non-availability of rapid, reliable and cost-effective methods. Moreover, the 
diverse clinical presentation in severe cases make it significant health problem. The occupational and behavioral 
risks responsible for the transmission lead to urgent need of vaccine development against the disease. The 
complete knowledge about its pathogenesis and the interaction with host’s immune cells may help the scientists 
in developing the appropriate diagnostic methods as well as the vaccines.   

1. Introduction 

Scrub typhus, also called as Bush Typhus or Tsutsugumashi disease, 
is a re-emerging but neglected zoonotic acute febrile illness. It affects 
about one million people worldwide annually with a mortality rate of 
about 50%, if untreated [1]. About one billion people across the world 
are at risk of infection with Orientae per year [2]. This is a disease caused 
by the obligate intracellular, gram negative bacteria, the Orientiae, the 
members of genus Orientia. Two species of Orientia are known to cause 
the disease, i.e. O. tsutsugamushi and O. chuto [3,4]. The genus Orientia 
along with the other intracellular zoonotic pathogens, Anaplasma, Cox-
iella, Ehrlichia and Rickettsia, belong to the order rickettsiales, and has 
recently been separated from the genus Rickettsia [5]. The members of 
genus Orientia may be easily differentiated from the Rickettsia as they 
lack lipopolysaccharide, peptidoglycan, and the slime layer. Moreover, 

in contrast to the members of genus Rickettsia, the outer cell envelop of 
Orientiae is thicker than the inner one [5]. The Orientia tsutsugamushi is 
known for absence of lipopolysaccharide (LPS) and peptidoglycan layer; 
therefore, they are naturally resistant to all β-lactam antibiotics [6]. A 
recent report showed that Orientia has expressed peptidoglycan like 
structure and disulphide cross-linked outer membrane proteins here 
upon sensitive to cell wall targeting drugs and these components are 
required for bacterial growth, cell integrity and host cell invasion [7]. 
The pathogen is transmitted to humans through the bite of infected 
larval trombiculid mites of genera, Leptotrombidium, and Schoengastiella 
of family Trombiculidae. These larval mites, also known as chiggers, 
primarily feed on rodents, but occasionally on humans. The chiggers act 
as both vector as well as reservoir for the pathogen [8]. 

Scrub typhus was previously thought to be endemic only within an 
area of ~13,000,000 km2, known as Tstsugumashi triangle, but later it 
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was reported from outside the region also [1]. Currently, the disease is 
re-emerging and endemic in rural areas of Southeast Asia, Thailand, 
Korea, Australia, Russia, The Pacific Islands, and Japan [9]. The disease 
is prevalent in areas that favor the growth and reproduction of mites 
such as forests, mountains, deserts, and beaches [10]. Even after the 
re-emergence, the disease is still a neglected one among the public as 
well as the physicians. The symptoms of scrub typhus in early phase are 
similar with that of other infections, such as dengue, encephalitis, 
influenza and coronaviruses, causing acute febrile illness. Besides, one 
of the serious complications of scrub typhus, acute respiratory distress 
syndrome (ARDS) is similar with the symptom observed in SARS-CoV-2 
infection. The earlier reports on co-infection of scrub typhus with 
dengue, chickangunya, H1N1 influenza indicate the possibility of its 
co-infection with the ongoing COVID 19 pandemic in the rainy and 
winter season. Thus, the negligence of scrub typhus poses the confusion 
and challenges in the diagnosis of the viral infections. Therefore, this 
review provides the complete picture of Scrub typhus including preva-
lence, clinical manifestation, pathogenesis, immunology, diagnosis, 
treatment and prophylaxis, as well as is an effort to aware the public and 
physicians both about the disease. 

2. Prevalence of scrub typhus 

In tropical areas, scrub typhus is prevalent throughout the year while 
in temperate regions seasonal pervasiveness has been observed [10]. In 
Asia, prevalence of disease occurs in rainy and winter season [11]. The 
seasonal prevalence of the disease is due to the fact that wet and cool 
season allows the attachment of more chiggers to the body of rodents 
[12]. The low temperature and high rainfall are the major weather 
factors responsible for development of the scrub typhus infection. The 
presence of scrub vegetation, wood piles, cattle and rodents around the 
residential places are considered as significant risk factors for scrub ty-
phus infections. In addition, the behavioral factors like resting on muddy 
or grassy fields, use of unhygienic underclothes, working bare hands or 
in short sleeves, open defecation are also reported to help in trans-
mission and development of infection [13,14]. The occupational risk is 
higher in farmers, hunters, sportsman, shepherds etc., particularly in 
rural highlands [14]. In the current decade, the outbreaks of the disease 

have been reported from across the world. The details of scrub typhus 
outbreak in last five years are given in Table 1 & 2. 

3. Pathogenesis of Scrub Typhus 

Orientia enters into human body through skin of the individual, who 
comes in contact with mite infested habitats, bush and grass, due to their 
frivolous or professional behaviors [15]. These organisms transmit to 
human through the bite or excreta of infected chiggers. The infected 
chiggers inoculate Orientia tsutsugamushi pathogens in humans during 
feeding. The pathogen multiplies at the entry site leading to formation of 
a papule that becomes necrotic and ultimately develops into an eschar 
[16]. After initial inoculation, O. tsutsugamushi invades the cells, mainly 
dermal dendritic cells (DCs) and activated monocytes, in the dermal 
layer of skin [17]. Activated DCs and monocytes may constitute a rapid, 
potential dissemination sites for the pathogen while circulating to lymph 
nodes [17]. In the lymph nodes, the pathogen causes regional lymph-
adenopathy that progress to generalized lymphadenopathy within a few 
days, followed by many clinical manifestations [18]. From the lymph 
nodes, the pathogen invades the endothelial cells of different organs 
[19]. They have been located in endothelial cells of heart, lung, brain, 
liver, kidney, pancreas and skin. Moreover, the post mortem studies of 
the infected patients have shown the presence of these pathogens in the 
macrophage cells of liver [17]. During systemic dissemination, 
involvement of macrophage and endothelial cells in infection is the 
hallmark of lethal illness in humans at late stage of infection [17]. Be-
sides, other cells like fibroblasts and neutrophils, that play key roles in 
lung injury, may also be infected [20]. Thus if not treated instantly, the 
Orientiae can spread systemic dissemination causing interstitial pneu-
monia, myocardial and hepatic lesions, meningoencephalitis, acute 
respiratory distress syndrome (ARDS), and multi-organ failure [21]. 
Most life threatening disease through scrub typhus is acute respiratory 
distress syndrome (ARDS) [20]. In addition, renal and liver dysfunctions 
are common in scrub typhus which ultimately leads to death in un-
treated cases [22]. The infection induces both humoral and cell medi-
ated immunity. Increased concentration of interferon alpha, IL-8 and 
IL-15 is observed in infected patients [23]. 

The mechanism of host cell invasion by Orientiae and its replication 
inside the cells is not fully understood. However, whatever is known in 
this regard is based on the studies involving human endothelial cells. 
Briefly, the pathogen attaches itself to the host cell by the interactions 
between its cell surface ligands and extracellular receptors of host cell. 
The major cell surface ligands are outer membrane protein, TSA56, and 
an autotransporter protein, ScaC, which bind with host’s fibronectin 

Table 1 
Scrub typhus prevalence across the India during last five years.  

Places Season Number of scrub 
typhus cases 

References 

Assam 
(Dhemaji), 

Autumn 3 cases [68] 

Bangalore Late Summer, Autumn 53 cases [69] 
Rajasthan Summer, Autumn 28 patients [70] 
Arunachal 

Pradesh 
Autumn 30 cases: 10 male, 20 

female 
[71] 

Chandigarh Late summer, Autumn 228 cases; 111 males, 
117 females 

[72] 

Chennai Autumn, Winter 23 cases [73] 
Meghalaya Autumn, Winter, 

Spring, summer 
90 cases [74] 

Uttarakhand Summer, Autumn 284 cases [75] 
Gorakhpur Late summer, Autumn 46 cases [76] 
Mizoram Winter, Autumn 283 cases [77] 
Parganas and 

Kolkata 
Summer, Autumn, 
Winter, 

5 cases [10] 

Himachal 
Pradesh, 

Autumn, Winter 2 cases [78] 

Maharashtra Late Autumn, Winter 48 cases; 21 males, 27 
females 

[79] 

Odisha summer, Autumn 201 cases [80] 
Sikkim Manson 3 cases [81] 
Andhra Pradesh Autumn, winter 60 cases [82] 
Telangana Late summer 89 cases [83] 
Chandigarh Summer, Autumn, 

Winter 
77 cases [84]  

Table 2 
Scrub typhus prevalence in rest of the world during last five years.  

Places/ Country Season Number of scrub 
typhus cases 

References 

Anhui Province, 
China 

Autumn 19 cases [85] 

Yamagata, Japan Autumn 1 case [86] 
Djibouti, Africa Autumn 3 cases [87] 
Sri Lanka Winter, Spring, 

Summer 
16 cases [88] 

Jeonju, South 
Korea 

NA* 2 cases [33] 

Nepal Summer, Autumn 358 cases [89] 
Chile, South 

America 
Late winter, Spring 9 case; 7 males and 2 

females. 
[90] 

Northern Vietnam Spring, Summer, 
Autumn Winter 

116 cases [91] 

Southern Taiwan Summer, Autumn 265 cases [92] 
Bhutan Autumn, Winter 470 cases [93] 
Tribhuvan (Nepal) Spring, Summer, 

Autumn, Winter 
84 cases; 39 boys and 
45 girls 

[94] 

Mobarakeh, Iran Summer, Autumn 44 cases [95]  

* NA; Not available. 
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glycoprotein. This interaction between the bacterial and host cell pro-
teins, activates the integrin mediated signaling pathways involving 
cytoplasmic protein; focal adhesion kinase (FAK), signaling protein; Src 
kinases, and the cytoskeletal proteins; Talin and Paxillin [24]. The 
integrin mediated signaling pathway in turn activates the RhoA GTPase 
protein which also acts as a signaling molecule and ultimately induces 
the actin cytoskeleton rearrangement in the host cell. Subsequently, the 
pathogen is internalized in the host cell by clathrin and adaptor protein 
2 mediated endocytosis [25] (Fig. 1). 

During the endocytosis, the pathogen escapes the endosomal 
pathway by get off from late endosomes and comes in cytoplasm. In the 
cytoplasm, the bacterium escapes from phagocytosis with the help of 
cytosolic hemolysin TlyC and Phospholypase D protein [26]. Subsequent 
to escape from phagosome, Orientiea move beside dynein-dynactin 
motor protein complex with microtubules to microtubule organizing 
center near nucleus [27]. Once in the perinuclear region, the pathogen 
undergoes replication within a polysaccharide-enriched microcolony by 
binary fission [17,27]. The daughter cells exit the infected host cells 
through an unusual process, budding from host plasma membrane [27]. 
This exit process involves the various proteins like membrane choles-
terol rich lipid raft and caveolin raft protein from host cell, and 
high-temperature requirement A (HtrA) from the pathogen. 

Syndecan-4, a transmembrane heparan sulfate proteoglycans 
(HSPGs), which are extensively distributed in mammalian cells, are also 
reported to play significant role in early adhesion process of Orientiae to 
host cells [17]. However, the detailed mechanism elucidating the role of 
the HSPGs in the adhesion process and its ligand on the surface of Ori-
entiae are still not known, and needs investigation. 

Additionally, another autotransporter protein of Orientia, ScaA, is 
thought to mediate Orientia adhesion to nonphagocytic host cells, as 
suggested by its universal distribution and conserved sequences [17]. 
However, the host cell receptor for ScaA protein is yet not reported [17]. 

Further, Orientia ScaA proteins represent conserved targets for vaccine 
development [28]. This protein also provides immunity against ho-
mologous strain of Orientia tsutsugamushi infection or also against het-
erologous strain when combined with bacterial outer membrane antigen 
TSA56 [28]. Thus, the ScaA protein variability affects the clinical 
manifestations of different Orientia isolates [29]. 

4. Interaction of Orientia tsutsugamushi with immune cells 

Orientia tsutsugamushi infection involves different cells such as 
endothelial cells, dendritic cells, monocytes, neutrophils, and macro-
phages. The interactions of the pathogen with these host cells are critical 
to disease progression as well as effective treatment management stra-
tegies [20]. These interactions with each type of host cell are described 
below. 

4.1. Endothelial cell 

After the entry of Orientia, endothelial cells (ECs) are an important 
target in human Orientia infection. Activation of EC biomarkers 
including intercellular adhesion molecule 1 (ICAM-1), angiopoietin 2 
(Ang2), angiopoietin 1 (Ang1) levels and vascular cell adhesion mole-
cule 1 (VCAM-1), has been observed with disease severity and clinical 
prognosis [17,20,30]. ECs activation can be activated directly via Ori-
entia replication at entry site and the recognition of pathogen associated 
molecular patterns(PAMP), or indirectly through recognition of 
damage-associated molecular patterns (DAMP), inflammatory cytokines 
and chemokines [20]. ECs activation promotes leukocyte adhesion/-
transmigration, antigen presentation, and cytokine production [20]. 
However, excessive activation of ECs leads to tissue hypoxemia, and 
ARDS [31]. The interaction of Orientia with endothelial cells leads to 
production of cytokines such as IL-1, IL-6, IL-8, IL-10, IL-15, IL-32, IL-33, 

Fig. 1. Attachment and invasion of Orientia tsutsugamushi to host cell surface, Ot: Orientia tsutsugamushi; TSA56: type surface antigen 56; ScaC: surface cell antigen C; 
ScaA: surface cell antigen A; AP2: Adaptor protein2; FAK: focal adhesion kinase; Src: tyrosine-protein kinase; MTOC: Microtubule organizing centre. 
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IL-1β and tumor necrosis factor (TNF) [17]. 

4.2. Dentritic cell and Monocytes 

Orientia infection of dendritic cells is more potent at the der-
mal–epidermal layer and Langerhans cells [32]. Upregulation of secre-
tion of costimulatory molecules such as CD40, CD80, CD86 (65), CD83 
and major histocompatibility complex (MHC) class II molecules provide 
evidence for activation of dendritic cells [17]. Other proinflammatory 
molecules including tumor necrosis factor alpha (TNF-α), IL-6, IL-8, 
IL-12p70, and the chemoattractant molecules CCL3 and CCL5 are spe-
cific features of Orientiae infected dendritic cells activation [17]. After 
activation of DC, Orientia disseminate in the direction of lymph nodes, 
where it develops adaptive immunity through secretion of T cells 
specially CD4 cells. 

The monocytes are primary inflammatory response cells for Orientia 
at the entry site of the dermal tissue and circulating system also. 
Monocytes cells are main target of Orientia where it can replicate [33]. 
O. tsutsugamushi-infected monocytes exhibit a type I interferon (IFN) 
response. 

4.3. Neutrophils 

Neutrophils are the most abundant polymorphonuclear leukocytes in 
circulation; its recruitment at site of Orientia infection plays an impor-
tant role in early detection and control of human pathogens [34]. Earlier 
the presence of O. tsutsugamushi in phagosomes within neutrophils and 
in the extracellular space has been studied [35]. Some studies have 
noted neutrophils at the site of the mite (chigger) bites in humans [32]. 
The increased level of neutrophil chemoattractant, CXCL 8, during 
Orientia tsutsugamushi infection shows the severity of the disease [36]. 
Biomarkers of neutrophil activation and the neutrophil extracellular 
traps (NETs) formation are also remarkably upregulated in severe scrub 
typhus patients as compared with less severe cases [20]. 

5. Clinical manifestation 

Clinical manifestation of scrub typhus occurs in early stage of 
infection. Early symptoms also include acute onset of fever with head-
ache and myalgia. Thus, these symptoms are similar to that of dengue 
fever, chikungunya, paratyphoid, and pyrexia of unknown origin (PUO) 
[21,37]. Sometimes, it appears as only flu- like symptoms, and creates 
confusion with other infections causing acute febrile illness such as 
influenza and coronavirus infections. The disease usually leads to 
gastrointestinal disturbances like abdominal pain, vomiting, rash, diar-
rhea. The maculopapular rash appears on about 5th to 6th day in about 
50% patients and appears first on the trunk later extend to the extrem-
ities of arms and the legs but sparing the face, palms and soles [10]. An 
eschar at the wound site is the most characteristic feature of scrub ty-
phus, but may not be present in all patients. Eschar is a black necrotic 
lesion resembling a cigarette burn usually found in areas where skin is 
thin, moist or wrinkled and where clothing is tight [38]. However, the 
presence of eschar is rare in Indian and other Asian population [9]. 
Hepatosplenomegaly and splenomegaly has also been reported in most 
of the cases. The disease is still regarded as a life threatening disease. 
Serious complications of this disease include pneumonia, acute respi-
ratory distress syndrome (ARDS), myocarditis, meningoencephalitis, 
confusion and deafness, cardiac failure, acute renal failure, gastroin-
testinal bleeding, septic shock, lymphadenopathy and leukocytosis [39]. 
The disease is usually under diagnosed in India due to the non-specific 
clinical manifestations, lack of access to specific and sensitive diag-
nostic tests in most places and low index of suspicion among the clini-
cians [40]. 

Co-infections are common in tropical countries and can be present in 
scrub typhus infection with the overlapping clinical features [41]. If not 
treated well-timed, co-infections may lead to life-threatening 

consequences. The co-infection of scrub typhus with various diseases 
like dengue, chikungunya, H1N1 influenza, has already been reported 
[42,43]. Keeping in view the co-infection of scrub typhus with different 
viral infections, the possibility of its co-infection with COVID 19 
pandemic in the rainy and winter season cannot be ruled out. The 
co-infections pose a diagnostic challenge to the treating physician, 
which are the most important causes of morbidity and mortality. 

6. Diagnosis 

Scrub typhus is one of the under-diagnosed illnesses. The symptoms 
similar to other diseases and low positivity of the eschar, a characteristic 
feature of the scrub typhus in the Asian population left the physicians to 
rely on the laboratory tests only. In laboratories, the disease can be 
diagnosed by serological, molecular and microbiological methods 
(Fig. 2). However, there is urgent need for discovery of new simple, 
rapid, reliable, accessible and cost effective diagnostic methods [44]. 

Serological methods include the detection of IgM antibodies in first 
week of infection and IgG antibody in second week of infection [45]. The 
oldest known serological method is Weil-Felix test which is based on 
agglutination of IgM antibodies with an antigen commonly shared by 
the Orientia tsutsugamushi and strains of Proteus. These antibodies can be 
detected in patient’s blood after 5–10 days of symptoms onset. The test 
detects the titer of the agglutinins in the patient’s serum against the 
Proteus strains OX-19, OX-2 and OX-K [46]. This is the cheapest and 
easily available method with 99.85% specificity However, the method 
has very low sensitivity (69.76%) sensitivity with 96.77% positive 
predictive value at a titer of ≥ 1: 160 [47]. The test exhibits 
cross-reactivity with epitopes of antigens from species of the genus 
Rickettsia, and can detect all kind of rickettsial infection except Rickettsia 
akari. 

Another serological test, immunofluorescence assay (IFA), is a gold 
standard technique for diagnosis of scrub typhus. The test detects IgM 
antibodies in first week of infection using fluorescent anti-human anti-
body [48]. This method has 84.00% sensitivity and 94.82% specificity 
[49]. The test is more sensitive, and requires less time as compared to 
Weil-Felix test. However, it is costly and requires expertise and specific 
instruments like Fluorescence microscope. The test uses the antigens 
from four different strains of O. tsutsugamushi namely, Karp, Kato, Gil-
liam and Boryong [50]. The antigenic pool may contain the antigens 
from different strains according to country/locality for efficient diag-
nosis. Indirect immunoperoxidase (IIP) test is a modification of the 

Fig. 2. Flow Diagram of diagnosis methods.  
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standard IFA method [51]. The method overcomes the cost of fluores-
cent microscope by replacement of fluorescein to peroxidase. It can be 
performed with a light microscope. The test has 88% sensitivity while 
specificity of 87% [52]. However, the test required paired samples and 
provides retrospective diagnosis. 

Immunochromatographic tests (ICT) are simple and rapid serological 
test which detects total IgM, IgG or IgA antibodies in human serum 
against O. tsutsugamushi, and does not require any specialized facility 
and expertise [53]. These tests have been applied in the countries like 
India, China and Thailand. The comparison of results obtained through 
ICT with standard IFA test revealed that the ICTs have greater specificity 
and sensitivity for diagnostic of scrub typhus. However, these rapid tests 
need further assessment for confirmatory diagnosis and hence are being 
discouraged by ICMR [44]. 

ELISA (enzyme-linked immunosorbent assay) is automated, rapid, 
and cheapest test and can be done at room temperature [54]. It detects 
IgM antibodies against Orientia tsutsugamushi and uses recombinant 
antigens, 56-, 47-, 22-kDa proteins and cell surface proteins (ScaA and 
ScaC), derived from Karp, Kato, Gilliam and TA716 strains of 
O. tsutsugamushi [50]. The method provides digitized result that can be 
read by the naked eye and are more objective. Commercial IgM ELISA kit 
has greater sensitivity (98.5%) and specificity (96.3%) as comparable to 
IFA [54,55]. IgM ELISA test is useful for measuring the cross-sectional 
seroprevalence and best for large samples analysis [56]. Thus, ELISA 
tests are potential method for diagnosis of scrub typhus and are easily 
available up to secondary level of health care settings (district hospitals) 
in India and other endemic countries [49]. However, the test does not 
detect antigenically variable strains and the samples need to be pooled 
for performing ELISA which may cause delay in the diagnosis and in-
fluence the overall conclusion about the disease. 

The molecular detection by PCR (polymerase chain reaction) based 
nucleic acid amplification tests (NAAT), quantitative real-time PCR 
assay, nested PCR method, are easy to perform, rapid methods and offer 
potential alternative for scrub typhus diagnosis with good sensitivity 
(86%) and specificity (100%) [57,58]. These tests can be performed 
with skin rash biopsies, lymph node biopsies and blood [59]. The assays 
target the 47-kDa, 56 kDa, 16S rRNA, and groEL gene of the Orientia 
tsutsugamushi IFN-β gene as control [57,60]. However, these methods 
have limitations due to diverse genetic makeup of Orientia strains [9]. 
Besides, the method is expensive, requires trained personnel and hence 
is not available beyond the secondary level of health care settings in 
India [44]. 

Microbiological methods include the isolation and identification of 
the causal organism by microscopy. Orientia tsutsugamushi organism can 
be isolated from blood samples using animal inoculation followed by 
cultivation in Vero cell or mouse fibroblast cell culture and can be 
identified by IFA method. Alternatively, Orientia can be directly iden-
tified by direct microscopy after staining with Giemsa or Gimenez stains. 
These stains provide dark-purple or pale-greenish blue color, respec-
tively. The organism appears as bright red cell in oval shape measuring 
05–08 µ wide and 12–30 µ long. However, the method is time 
consuming and provides retrospective results. 

7. Treatment and prophylaxis 

Scrub typhus infected patient can be treated easily with antibiotic, 
doxycycline. The drug is a preferred choice as it is highly efficient and 
show quick action. The recommended dosage is 45 mg/day in two 
divided doses for patients below 45 kg and 200 mg/day in two divided 
doses for in adult individuals above 45 kg for duration of seven days 
[61]. The patients allergic to doxycycline may be given the 
50–100 mg/kg/day chloramphenicol divided every 6 hourly, maximum 
3 g/day. Although doxycline and chloramphenicol are standard therapy 
but cause adverse effect in pregnant women, so single dose of azi-
thromycin 500 mg for five days was successfully used in pregnant fe-
males without relapse and with favorable pregnancy outcomes [62]. In 

adults, azithromycin 500 mg in a single dose for five days and in chil-
dren 10 mg/kg body weight for five days is recommended [61]. Over the 
time, few studies have reported the failure of treatment with doxycy-
cline and chloramphenicol due to development of drug resistance in 
south East Asia, but these strains are sensitive to azithromycin [61]. 
However, the later evidences suggest that doxycycline resistance was a 
misconception and there are several other determinants which can 
explain the treatment failure [63]. 

Apart from using antibiotics, there is another way to protect the 
disease by herbal medicine. In herbal medicine system, different parts of 
plants are used either in raw or extracted form to treat diseases and 
improve overall wellbeing. Like many other diseases, scrub typhus can 
also be treated using plant extracts with antibacterial properties against 
Orientia. Ayurveda recommends to use lightly boiled cow milk with 
broth of Phaseolus roxburghii for treatment of typhus fever. In addition, 
Echinacea alone or in combination with other antiseptic herbs such as 
Allium sativum may also be used to cure scrub typhus infection. During 
the world war I, Dr Albert Schweitzer used Allium sativum as treatment 
for soldiers suffering from scrub typhus, and other diseases. Of late, the 
herbal medicine, Cap Bunga SIANTAN Demam T, is used to heal a 
damaged digestive tract as a result of typhus infection. However, further 
experiemtal studies are needed to confirm the role of these herbal 
medicines in treating scrub typhus before using them as regular alter-
native medicine [96]. 

The initial efforts for vaccine development were focused on prepa-
ration of killed vaccines, inactivated vaccines, attenuated vaccines and 
subunit vaccines [64]. Recent advances in molecular biology and 
immunology have clarified the antigenic organization of Orienta tsutsu-
gamushi including 70, 58, 56, 47,110 and 22KD proteins on outer surface 
[64,65]. The proteins with masses of 47 KD and 56KD are the crucial 
surface antigens and are called as [Sta 47, Sta 56] scrub typhus antigens. 
Thereafter, the efforts were made to develop recombinant fusion pro-
teins to provide a more efficient cellular and humoral immunity against 
scrub typhus. Chakraborty and Sharma [10] investigated a major outer 
membrane protein (OMP), the 56-kDa type-specific antigen (TSA56), as 
a vaccine candidate. They have also compared the efficiency of vaccines 
containing recombinant TSA56 (rec56) protein and tsa56-expressing 
DNA (p56), and observed that both vaccines induced a cell-mediated 
immune response to TSA56 in mice model. The study has suggested 
that both recombinant TSA56 protein and tsa56-expressing DNA may be 
used for the development of an effective vaccine and provided the 
background for advance studies to optimize the vaccine performance 
using different adjuvant like liposome, FIA and titermax. Recently, 
another outer membrane protein, 47-kDa antigenic surface protein was 
used for development of a subunit vaccine containing recombinant 
47-kDa protein (rec47) and a corresponding DNA vaccine (p47). The 
comparison of these two vaccines in mice model has revealed that the 
subunit vaccine alone or in combination with adjuvant exhibited higher 
amount of antibodies and stronger cellular immunity induction in mice 
model as compared to the DNA vaccine. The study suggested the use of 
47-kDa OMP for development of effective vaccine against scrub typhus. 
However, a multisubunit vaccine combined with an effective adjuvant 
need to be developed to increase the efficacy of this vaccine [66]. Till 
date, no any commercial vaccine is available for prophylaxis against 
scrub typhus [67]. 

Although no vaccine is available for scrub typhus, other preventive 
measures at both personal as well as community level may be taken to 
prevent the infection. Community level prevention may be achieved 
using the insect repellents such as DEET, dusting sulphur, dimethyl 
phthalate or benzyl benzoate in and around the residential areas, parks, 
and other open fields to refrain the growth of infected chiggers, the 
vector [10]. Moreover, the herbal repellents can also be used to retain 
the infected chiggers away from human colonization. Eamsobhana et al., 
[97] studied the effects of various essential oils on Leptotrombidium 
imphalum chiggers, and reported that the oils extracted from Zingiber 
cassamunar, Eucalyptus globules, exhibited 100% repelency against mites. 
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Nonetheless, the essential oils from Syzygium aromaticum and Melaleucea 
alternifolia also exhibited 100% repellency, when mixed with absolute 
ethanol in ratio of 19:1 and 3:2, respectively. Further, the use of in-
secticides and clear vegetation can impede the propagation of chiggers 
and the transmission cycle of vector. Personal prophylaxis may be 
achieved by applying permethrin on clothes, and diethyltoluamide on 
socks to prevent chigger bites. Despite of this, disease can also be pre-
vented by dodging the use of dirty and wet undergarments, covering the 
whole body with clothes whenever entering in an exposed area, and 
avoiding barefoot work culture in risky occupations. 

8. Conclusion 

Scrub typhus is most common re-emerging rickettsial disease in Asia- 
Pacific region, particularly in developing countries. Due to non- avail-
ability of cost-effective, rapid, specific and sensitive diagnostic methods, 
the disease remains under diagnosed and under reported. Further, low 
index of suspicion among the clinicians and limited awareness about the 
diseases makes it more difficult to diagnose. The symptoms of the dis-
ease similar to other febrile illnesses highlighted the significance of its 
differential diagnosis. The knowledge about the pathogenesis of the 
disease will help the scientists to design and develop the cost-effective 
rapid and reliable methods for diagnosis of scrub typhus. Moreover, 
increased awareness to clinicians as well as public about the unusual 
manifestations of scrub typhus such as ARDS and multiorgan dysfunc-
tion, and its timely treatment may greatly reduce the mortality and 
morbidity of the disease. Owing to frequent outbreaks of scrub typhus 
infection and its risk for occupational transmission, the efficient efforts 
for vaccine development are also required. 
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