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Rickettsial infections:
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of scrub typhus in India
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Rickettsial infections present a substantial public health burden in India. Recent
years have witnessed an increase in the incidence of Rickettsial infection-
associated morbidity and mortality. These infections are primarily transmitted
by vectors such as ticks, fleas, mites, and lice. This review aims to capture
epidemiology, diagnosis and emerging disease trends of rickettsial infections,
particularly Orientia tsutsugamushi (O. tsutsugamushi) in the Indian context.
Diagnosis and treatment of Orientia infections remain challenging due to the
lack of sensitive and specific diagnostic tools vis-a-vis clinical treatment in the
absence of specific drugs targeting Rickettsial pathogens. Consequently,
clinicians often rely on symptoms and epidemiological factors for diagnosis,
highlighting the urgent need for improved diagnostics and therapeutic tools. A
comprehensive understanding of the epidemiology of rickettsial diseases is
essential for formulating effective preventive and control strategies. Identification
of high-risk regions and populations by serological and genetic techniques may
help the development of targeted interventions. Therefore, enhancing awareness
among healthcare professionals and the public regarding epidemiology, clinical
features, diagnosis and treatment interventions of rickettsiosis is crucial. This
review summarizes the significance of comprehensive epidemiological
investigations and diagnostic systems for understanding rickettsial infections
in India.
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1 Introduction

Rickettsiosis is a group of arthropod-borne neglected tropical diseases caused by
Rickettsia spp (1). transmitted by ticks, fleas, mites, and lice. These life-threatening
diseases typically lead to multiorgan involvement and failure with high fatality rates. In
India, the resurgence of rickettsial diseases can be attributed to increased exposure to
vectors due to environmental changes. This is further enhanced by the unavailability of
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effective rickettsial vaccines (2). Scrub Typhus, caused by Orientia
tsutsugamushi and transmitted by Leptotrombidium mites, is the
most prevalent form of Rickettsiosis in India (3). Cases have been
reported in several states of India, including Himachal Pradesh,
Uttar Pradesh, Maharashtra, Tamilnadu, Delhi, Jammu and
Kashmir, Rajasthan, Bihar, Assam, Kerala, Uttarakhand,
Nagaland, Karnataka, and West Bengal. Scrub typhus causes
small epidemics in densely populated hotspots, especially during
monsoons and winter (4). Diagnosis of rickettsial infections,
including scrub typhus, is challenging due to overlapping
symptoms with other diseases like leptospirosis, dengue, and
malaria (5).

Scrub typhus caused by Orientia tsutsugamushi is a dominating
agent in Asian regions, with over one million cases and 150,000
deaths each year (6, 7). Severe disease in hospitalized patients may
lead to multiorgan dysfunction and shock in approximately one-
third of patients and can result in the death of about a quarter of
cases despite therapy (8). Most rickettsioses cases are probably
misdiagnosed due to a lack of precise and specific diagnostics.
Clinicians largely rely on clinical symptoms or a characteristic
“Eschar” at the site of the bite before initiating the treatment. The
Weil-Felix test, though historically used, is not definitive for
diagnosing scrub typhus. Currently, serological tests like the
immunofluorescence assay (IFA) are considered the gold standard
due to their higher accuracy and reliability. Improved and cost-
effective diagnostic assays are urgently needed to enhance detection
rates and facilitate early treatment. Frequent serological and
molecular testing is needed to investigate and analyze the
demographic characteristics of these pathogens. This review
focuses on the epidemiology and diagnosis of rickettsial infections
in India (Figure 1).

2 Global distribution of
rickettsial diseases

Rickettsial infections are prevalent across the world; however,
their incidence and disease burden vary across countries due to
vector and natural host constraints, climatic conditions, exposure
rates, and access to diagnostics and healthcare systems. In Southeast
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Asia, rickettsial infections are the most common non-malarial
diseases after dengue. The global epidemiology of scrub typhus
indicates that it is endemic in many parts of Asia-Pacific;
globalization and travel have led to the spread of the disease to
non-endemic areas, complicating its epidemiological study (9). An
elegant study by Lokida et al. (5), performed a comprehensive
diagnosis of acute and convalescent blood from 975 hospitalized
patients was tested using Rickettsia IgM and IgG by ELISA and IFA
and Rickettsia-specific primers for Rickettsia rickettsii, Rickettsia
typhi, and Orientia tsutsugamushi. The predominant rickettsial
strains identified in Indonesia were R. typhi (30.8%), followed by
R. rickettsii (5.8%) and O. tsutsugamushi (3.8%) vs 70-80% of O.
tsutsugamushi in India. Hence, the strain differences between
Indonesia and India may be responsible for higher severity,
multi-organ failure and higher fatality in hospitalized patients
observed in India (7). Scrub typhus, for example, has a
seroprevalence of 9.3% to 27.9% in Asian regions, with over a
million reported cases and a billion people are at risk worldwide
(10). In Northern America, Rocky Mountain spotted fever (RMSF),
caused by R. rickettsii, is the most severe and frequently reported
rickettsial infection, with death rates ranging from 20-30% when
untreated (11). Epidemic typhus, transmitted by human body lice, is
prevalent in mountainous regions of Asia, South America, and
Africa, with increased transmission rates during cold climates (12).

The genus Rickettsia is divided into three major subgroups:
Spotted Fever group (SFG), Typhus group (TG), and Scrub Typhus
group (STG) (Table 1). The SFG comprises more than 30 different
species, including R. rickettsii, the causative agent of Rocky
Mountain Spotted Fever (RMSF) (13). Other SFG species include
R. conorii, responsible for Mediterranean Spotted Fever (14), R.
africae, which causes African Tick Bite Fever, and R. australis, the
causative agent of Queensland Tick Typhus (15, 16). Examples of
TG rickettsiae are R. typhi (also known as murine typhus) and R.
prowazekii (also known as epidemic typhus) (17). Various species of
Rickettsia have been identified worldwide between 1995 and 2024.
This rapid discovery can be attributed to improved diagnostic
methods as per global surveillance and with the help of
advancements in molecular biology techniques. For instance,
Rickettsia sibirica subsp. mongolitimonae, the causative agent of
lymphangitis-associated rickettsiosis (LAR). It was first isolated in
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Schematic overview of the current state of knowledge of epidemiology, diagnosis and treatment of Rickettsia spp.
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TABLE 1 Major Rickettsial diseases, their causative agents and geographical distribution.

Organism

Disease

Geographical
distribution

Vector

10.3389/fitd.2024.1433013

Animal Reference

host (s)

Spotted Fever Group (SFG)

R. heilongjiangensis | Far Eastern spotted fever East Asia; northern China; Tick (Haemaphysalis longicornis) Rodents (70)
far east Russia

R. takensis Tick bite fever Border regions between Thailand Ticks (Dermacentor laothaiensis, Dogs (76)
and Myanmar Dermacentor steini)

R. lacensis Tick bite fever Northwestern Thailand Tick (Dermacentor auratus) Dogs, Cats (76)

R. massiliae Tick bite fever Southern Taiwan, Southeast Asia Tick (Rhipicephalus haemaphysaloides) = Dogs (77)

R. conorii Mediterranean spotted Africa, Southeast Iran, South Tick (Rhipicephalus sanguineus) Rodents, dogs (78)

fever/Marseilles fever/
Boutonneuse fever

Asia (India)

R. monacensis Tick bite fever Mexico, Italy, Spain, Portugal Tick (Ixodes spp.) Lizards, Birds (79-82)
R. parkeri American tick bite fever United States of America, Tick (Amblyomma sp.) Rodents (83)
Argentina, Uruguay, Brazil
R. akari Rickettsial pox New York, California Mite (Liponyssoides sanguineus) House mice, (84)
wild rodents
R. sibirica Siberian tick typhus Asia, Siberia Tick (Dermacentor nuttallii) Rodents (85)
R. japonica Japanese spotted fever Japan, Korea Tick (Haemaphysalis spp.) Rodents (86)
R. rickettsii Rocky Mountain Baja California, Sonora Tick (Dermacentar variablis) Rodents (87)
spotted fever/Brazilian
spotted fever
R. australis Queensland tick typhus Eastern Australia Tick (Ixodes spp.) Rodents (15)
R. aeschlimannii Rickettsiosis Ttaly Tick (Hyalomma marginatum) (88)
R. felis Flea-borne spotted fever United States of America Cat fleas (Ctenocephalides felis) Cats, (89)
opossums,
rodents
R. slovaca Tick- Czechoslovakia Tick (Dermacentor marginatus) European boar, | (90)
borne lymphadenopathy lagomorphs,
rodents
R. honei Flinders Island Eastern Australia, Thailand Tick (Haemaphysalis novaeguineae) Reptiles, 91)
spotted fever rodents
R. africae African tick-bite West Indies, Eastern Caribbean Tick (Amblyomma hebraeum) Domestic and (92)

fever wild ruminants
R. helvetica An eruptive fever Central and northern Europe Tick (Ixodes sp.) Rodents (93)
(Switzerland, Italy), Thailand
Typhus Group (TG)
R. prowazekii Louse-borne fever/Jail Central Africa, Asia Human body lice Humans, (94)
fever/exanthematic typhus (Pediculus humanus), flying flying squirrels
squirrels ectoparasites
R. typhi Murine typhus Tanzania, United States Fleas, most commonly the oriental rat Rodents (95)
of America flea (Xenopsylla cheopsis)
Scrub Typhus Group (ST)
O. tsutsugamushi Scrub typhus Asia-Pacific region (India, China, = Chigger bite Rodents (7, 27, 28)

China from Hyalomma asiaticum ticks collected in Mongolia in
1991. Since then, China has reported the presence of eleven spotted
fever group Rickettsia species, such as R. tarasevichiae, R.
heilongjiangensis, R. sibirica strain BJ-90, and R. raoultii.
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Afghanistan, Indonesia, maritime

Russia), sub-Saharan Africa

03

Rickettsia conorii subsp. caspia, the agent of Astrakhan fever, is
endemic to the Astrakhan region and has been described in
Rhipicephalus sanguineus ticks in France. Israeli spotted fever
(ISF) is caused by Rickettsia conorii subsp. israelensis and was
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first reported in Haifa Bay, Israel, in 1946. Mediterranean spotted
fever (MSF), caused by Rickettsia conorii subsp. conorii is the most
commonly reported rickettsiosis in various parts of Europe.
Numerous other species, including R. sibirica, R. raoultii, and R.
slovaca, have been implicated in human infections. In South-
Eastern Mexico, Typhus Group Rickettsia (R. rickettsii and R.
parkeri) infections have been reported in domesticated dogs.
Recently, rickettsial infections caused by R. rhipicephali from ticks
of wildlife fauna have been reported in parts of Costa Rica in
Central America. Scrub typhus was recently reported in Dubai for
the first time, and interestingly, the reported cases were located
more than 500 kilometers away from the presumed endemic area,
suggesting that the actual extent of the endemic region might be
more significant than previously thought (18). In summary,
rickettsial infections have a global presence, and the disease
burden varies with distribution and coexistence of rickettsial
species and vectors in the geographical region.

3 Distribution of rickettsial diseases
in India

Scrub typhus is predominantly found in the endemic area
known as the tsutsugamushi triangle in Southeast Asia and poses
a significant public health impact on agricultural workers in the
rural tropical region. Scrub forests, the secondary grassy vegetation
resulting from forest clearance, were initially believed to be the
ecological habitat of this typhus. However, it has been reported
from diverse environments such as sandy beaches, semiarid and
highland deserts (19), metropolitan centers, and even rice paddies.

In India, scrub typhus was first identified in 1943 near the
India-Burma border, and the use of antibiotics and widespread
pesticide application significantly reduced subsequent outbreaks
during World War II (20). Rickettsial infections, including scrub
typhus, have been reported in high-burden regions of India,
including Uttar Pradesh, Bihar, Jharkhand, Madhya Pradesh,
Andhra Pradesh, Maharashtra, Chhattisgarh, Orissa, Karnataka,
and West Bengal (Figure 2). The earliest documented instances of
scrub typhus in India provide descriptions of typhus fever group
rickettsioses within the Indian population (21-23). Some reports
suggest the emergence or reemergence of scrub typhus in several
states of India (24-26). Several researchers have undertaken
significant investigations on scrub typhus in Tamil Nadu (7, 8,
27, 28). Despite extensive studies on clinical and laboratory aspects,
the burden of these infections and high mortality in severe cases,
research on the molecular epidemiology of rickettsial strains has
been limited.

4 Epidemiology of
Rickettsial infections

In India, beyond scrub typhus, which is nearly 70-80% of the
reported rickettsial cases (29), several other rickettsial diseases are
reported, including Indian Tick Typhus (Rickettsia conorii), Murine
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Typhus (Rickettsia typhi), Epidemic typhus (Rickettsia prowazekki),
Q Fever (Coxiella burnetii), Trench fever (Bartonella quintana) and
Rickettsialpox (Rickettsia akari) (30). Despite limited literature and
underdiagnosis due to constrained awareness and diagnostic
facilities, they pose significant health risks. Consequently, there is
no literature on the distribution and prevalence of the rickettsial
species in India (31). Orientia tsutsugamushi is the main causative
agent of rickettsial infections in India; hence, subsequent sections of
the review will focus exclusively on the epidemiology, diagnosis and
treatment of Scrub typhus caused by O. tsutsugamushi.

4.1 Habitat and ecology

Scrub typhus is documented from the tropics to the Himalayas
and is associated with farming operations like paddy agriculture, oil
palm and rubber plantations, and forestry. Chiggers, the larval
stages of Leptotrombidium mites, are the primary vectors of the
disease. Chigger activity is influenced by relative humidity and
temperature stability in the tropics. A bimodal seasonal variation is
observed in countries like China, Taiwan, and northern Japan, with
summer and winter as the prime seasons. The endemic area of scrub
typhus is dispersed across temperate zones due to significant
seasonal variations in climate. L. deliense is the primary vector
species in Southeast Asia and southern China (32). In Japan and
Korea, L. akamushi, L. pallidum, and L. scutellare play major roles
as vectors (33). L. chiangraiensis, a newly described vector species,
appears to be predominant in Thailand’s paddy fields (34). Other
Leptotrombidium species associated with disease transmission
include L. fletcheri and L. Arenicola (35). Recent studies show

FIGURE 2

The geographical regions of India with a substantial prevalence of
scrub typhus (high burden) are depicted in red, and the states
exhibiting a low prevalence (low burden) are depicted in grey.
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that rodents and Leptotrombidium chiggers can adapt to new
habitats, including semi-urban areas, and play a vital role in the
ecology of scrub typhus.

4.2 Life cycle of the vector

Chiggers have one annual generation, which is most prevalent
during late summer and early autumn. The mite’s life cycle ranges
from two to three months in warmer climates and eight months in
frigid temperatures. Chiggers commonly infest rodent ears owing to
their proximity to blood vessels. Once infected, mice will remain
infected and serve as carrier for life (36). Chiggers, rodents and
secondary vegetation form a zoonotic triad crucial for the survival of
O. tsutsugamushi in the wild (36). The vector’s life cycle includes four
stages- eggs, larva, nymph, and adult. Only the larval stage is
infectious as it feeds on mammals for necessary body secretions.
Larvae are tiny, translucent orange in color and require a microscope
for identification. Larvae have three pairs of legs and last one to two
weeks before descending to the ground to transform into nymphs.
Nympbhs are brick red, last one to three weeks, and have four pairs of
legs, with the first pair being the largest. Adults and nymphs are free-
living and consume small invertebrates, eggs, and organic matter.
Adult females deposit hundreds of eggs in the soil leading to severe
host infestations, and typically live for about six months (37).

4.3 Reservoirs

Chiggers serve as the primary vectors and reservoirs. Apart
from chiggers, other ground-dwelling tiny animals and rodents in
their natural environments also serve as reservoirs. Rats (Rattus
rattus) (38), striped field mice (Apodemus agarius) (39), and house
mice (Mus musculus) (40) are some of the animals that are most
commonly associated with the disease. A clean and hygienic
environment, free of rodents, is believed to reduce the risk of
being exposed to chiggers.

4.4 Genotypes and serotypes

Karp, Kato, and Gilliam were identified as the prototypical
strains of O. tsutsugamushi in 1969 (41). The list of strains has since
been expanded to include newer serotypes such as Kuroki,
Shimokoshi, Kawasaki, and Boryong, among others. Strain typing
can be done using immuno-fluorescent testing with strain-specific
sera or monoclonal antibodies, although it was not useful in
detecting the recent serotypes. Another method used in the
identification of strains is by molecular techniques that use the
56-kDa Type-specific antigen (TSA), which is a recognized outer
membrane protein in Orientia-infected individuals (42).
Amplification of TSA followed by Restriction Fragment Length
Polymorphism (RFLP) is typically used by identifying the
hypervariable regions that are crucial for strain-level molecular
typing (42, 43).
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Sequencing has become the standard method for genotyping,
comparing deduced sequences to existing genotype data and
conducting phylogenetic analysis. Over 20 genotypes have been
identified in O. tsutsugamushi due to genetic variation and specific
antigens, including stal50, -58, -56, -49, -47, and -20, cloned and
produced in Escherichia coli, are important targets for molecular
diagnosis and evolutionary analysis (44).

4.5 Pathogenesis

Scrub typhus has an incubation period of 6 to 21 days. The exact
mechanism of how Orientia bacteria move from the chigger bite site
to internal organs is not well understood and is thought to involve
the circulatory or lymphatic system. In a study by Shirai and
colleagues (45), human volunteers developed fever, eschar, and
regional lymphadenopathy after being bitten by infected chiggers.
Chiggers transmit the infection through their bites, and bacteremia
can be detected before the onset of fever. O. tsutsugamushi targets
endothelial cells, macrophages, dendritic cells, polymorphonuclear
leukocytes, and lymphocytes in various organs. Direct blood-borne
spread of the disease has also been suggested. Host immune
response plays a role in the self-limiting nature of scrub typhus,
and chloramphenicol medication reduces recurrence rates.
Infection does not provide long-term immunity, and reinfections
can occur. Protective immunity from a heterologous serotype lasts
one to three months, while a homologous serotype protects up to
one to three years. The severity of the disease varies with different
strains of O. tsutsugamushi.

5 Diagnosis

5.1 Clinical manifestations of
rickettsial infection

The major challenge in the clinical diagnosis of scrub typhus is
the presentation of non-specific febrile symptoms that overlap with
several other tropical infectious diseases. Symptoms can range from
fever, headache, myalgia, with lesser incidence of rash, eschar,
regional lymphadenopathy, and neurological involvement. A few
cases of conjunctival suffusion, cough, and gastrointestinal
disturbances, along with rare complications like myocarditis and
encephalitis, have also been reported. Owing to such a wide range of
common and overlapping clinical manifestations, laboratory testing
for confirmation becomes paramount. Delayed diagnosis or
treatment can lead to complications like bronchopneumonia,
thrombocytopenia, toxic hepatitis, and more severe conditions
such as ARDS, MODS, septic shock, and multiorgan failure.
Chigger bites are often painless, and the development of a single
eschar at the bite site is common. If it happens, eschar formation is
confirmatory but may not be present in all cases. Occasionally,
eschars can resemble lesions caused by other diseases or non-
infectious factors. Currently, clinicians rely on clinical suspicion
and laboratory testing for diagnosis, with immunofluorescence
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assay (IFA) being the gold standard serological test. Prompt and
accurate diagnosis is crucial for reducing fever and preventing more
severe disease with multi-organ involvement. Different approaches
for the diagnosis are described below.

5.2 Weil Felix test

In 1916, Weil and Felix discovered that typhus sera caused
heterophile antibody agglutination in strains of Proteus vulgaris.
Later, the test was extended to include scrub typhus. The Weil-Felix
test uses non-specific antigens derived from non-motile strains of
Proteus vulgaris (OX-19, OX-2) and Proteus mirabilis (OX-K) to
detect Rickettsial infections (46). However, it cannot differentiate
between different types of typhus or Rocky Mountain Spotted Fever.
The appearance and rapid rise of Proteus agglutinins in the
blood provide some evidence of Rickettsial infection, but the
antibodies decline after a few months. Positive results can be seen
in other infections like urinary tract infections, relapsing fever,
febrile illnesses, and leptospirosis. Weil-Felix titers are not
consistently elevated in scrub typhus, and subsequent infections
do not increase OX-K agglutinins as in the first infection. Although
the Weil-Felix test is considered the gold standard for diagnosis, it
has limited value in early diagnosis and lacks specificity
and sensitivity.

5.3 Isolation of O. tsutsugamushi
into cultures

Various clinical samples, such as buffy coats, defibrinated whole
blood, triturated clots, plasma, necropsy tissue, skin biopsy, and
arthropod samples, can be used to isolate Orientia tsutsugamushi.
Giemsa-stained impression smears of the spleen or peritoneum
surface can also reveal the organism. Mice are commonly inoculated
with patients” whole blood to monitor disease and mortality.
Animal inoculation is preferred in cases where contamination is
present in postmortem tissues. Cell culture techniques using cell
lines like HeLa, BHK, VERO, 1929, and primary monocytes are
commonly used for isolating Orientia from clinical specimens (47,
48). Isolation success rates of Rickettsial pathogens from clinical
specimens are typically around 20-40%, even under controlled cell
culture conditions (49). Rickettsiae prefer lower temperatures than
37°C (50). Temperatures of 34-35°C seem optimum, and this also
slows mammalian cell growth and helps establish long-lasting in
vitro cultures (3). However, O. tsutsugamushi cultures form a clear
cytopathic effect (CPE) on day 7-14 that becomes macroscopically
visible on longer incubation of 3-4 weeks (51). CPE results in a
distinct halo, accompanied by cell detachment and increased
bacterial loads, as demonstrated by RT-PCR with lower Crp
values. O. tsutsugamushi in cell cultures can be demonstrated by
Giemsa staining (52) or pink bodies by Gimenez staining (53).
Biosafety level 3 facilities are required for cultivation, and the
process can take up to 4-6 weeks to yield positive results like CPE
by microscopy or Cr values of 25-30 by RT-PCR.

Frontiers in Tropical Diseases

10.3389/fitd.2024.1433013

5.4 Immunofluorescence assay

The indirect fluorescent antibody assay (IFA) is the gold standard
for detecting antibodies in scrub typhus. IFA uses epifluorescence to
visualize antibodies bound to scrub typhus antigens (54). Significant
antibody titers and IgM detection occur in primary infection in the
first week, while IgG antibodies develop later. Reinfection can be
identified by IgG antibodies on day 6. Although antigenic variation
exists, it can detect IgG and IgM antibodies using antigens from Karp,
Kato, and Gilliam serotypes (41). Detectable antibodies can persist for
decades but may decrease over time due to strain heterogeneity and
reinfection rates. IFA sensitivity and specificity vary with different
antibody titers. The Infectious Disease Surveillance Centre (IDSC) in
Japan suggests a method for identifying scrub typhus based on local
strains and PCR testing (55). Detecting specific IgM antibodies to
Rickettsia species using IFA provides evidence of recent Rickettsial
infection; however, prozone phenomenon and rheumatoid factor
interference must be considered. Micro-IFA allows testing with small
volumes of serum and antigens, reducing processing time and
resources. However, in endemic areas, diagnosing acute infection
using serological testing should use paired acute and convalescent
specimens to observe seroconversion or an increase in antibody titer.

5.5 Molecular methods of detecting
O. tsutsugamushi

5.51PCR

Molecular techniques were utilized for diagnosing scrub typhus,
where antigens such as 110-, 58-, 56-, and 47 kDa specific to scrub
typhus are commonly used molecular targets. Notably, proteins
with 47- and 56-kDa in the cell wall of O. tsutsugamushi show
promise as antigenic targets for diagnosing Orientia spp (51, 56).
PCR methods, including conventional (57), nested (N-PCR) (58),
and real-time PCR (RT-PCR) (59-61), have improved scrub typhus
diagnosis. Loop-Mediated Isothermal Amplification (LAMP) allows
DNA identification at the point of treatment but has limitations
compared to PCR (47). Molecular techniques can detect diseases
earlier than serological tests. Target DNA segments such as 16S
rRNA, htrA, gltA, ompA, ompB, and geneD have been used for PCR
amplification (62, 63). Rickettsial species were isolated successfully
using PCR from human blood, showing its sensitivity and early
detection compared to serological techniques (64). Molecular
techniques are also used to isolate rickettsial species from tick and
flea samples. Nested PCR is found to be more sensitive and useful
for sequencing and identifying new rickettsial species. Nested PCR
was evaluated for detecting Rickettsia spp. in serum samples (65).
RFLP can differentiate TG and SFG rickettsial strains with a
detection limit of 10 rickettsial copies per assay (51).

5.5.2 Quantitative real-time PCR for
O. tsutsugamushi

Real-time PCR has replaced conventional and nested PCR
extensively in the current molecular era due to its advantages,
such as reduced contamination, improved sensitivity and accuracy,
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ability to perform multiplex PCR with different targets, rapid
turnaround time, and high throughput analyses for epidemiologic
investigations. Initially used for detecting R. prowazekii, real-time
PCR has since been employed for various genus-, group-, and
species-specific assays. For example, the qPCR assay was evaluated
targeting the citrate synthase gene (gltA) of Rickettsia from the
spotted fever and typhus groups, which detected a single target copy
number per assay (66). This assay is useful in detecting low levels of
Rickettsia in human samples. Similarly, SYBR Green-based qPCR
assay was utilized to detect the rOmpA gene, with a sensitivity of five
copies per reaction from infected tissues (51).

A multiplex qPCR assay was developed targeting the 47 kDa,
gltA, and ompB genes to identify the scrub typhus, typhus, and
spotted fever groups of rickettsiae, respectively (47). The detection
limits for this assay were 24 copies/ul, 5 copies/ul, and 1 copy/ul,
respectively. This assay was performed in 54 samples, and compared
with the cell culture-based method, it has provided the most accurate
results. Additionally, a real-time multiplex PCR assay was developed
with increased sensitivity and specificity, detecting 2 gene copies in
blood for three targets: scrub typhus (56 kDa gene), typhus group
(17-kDa gene), and spotted fever group rickettsiae (ompA gene) (67).
Multiplex assays have been widely used with increased sensitivity,
although they may fail to detect certain targets in samples such as
whole blood, where levels are relatively low compared to tissue
samples (e.g., skin and eschar samples) with higher antigenemia.

The choice of primers used in PCR assays helps confirm the
genus level, including SFGR and typhus group, as indicated by gltA,
17 kDa, and ompB targets. Amplification of the ompA gene provides
conclusive evidence of the spotted fever group. The sensitivity of
single-stage PCR assays using gltA alone was 33%, but sensitivity
improved to 83% with sequential PCR. The highest sensitivity of
100% has been achieved using three single sequential PCR assays
targeting ompA, ompB, and gltA (68). Multi-locus sequence typing
(MLST) was performed using five genes (rrs, gltA, ompB, ompA, and
sca4), which has helped differentiate rickettsial species and classify
new species but for intra-species variation (69). Whole genome
sequencing has been completed for 50 rickettsial genomes, enabling
the development of a unique diagnostic tool specific to subsets of
rickettsial species (70).

6 Treatment options for
O. tsutsugamushi infections

Antibiotics that target specific Rickettsia spp. remain the
available therapeutic option (71). The choice of antibiotics
depends on several factors, including severity of the infection,
local resistance patterns, and individual patient considerations.
Antibiotics like doxycycline, chloramphenicol, azithromycin, and
fluoroquinolones are commonly used for the treatment of rickettsial
infections (7). Doxycycline, a broad-spectrum antibiotic, is the
preferred first-line drug due to its high efficacy against various
rickettsial infections and can be administered intravenously or
orally. It is important to note that tetracyclines, including
doxycycline, have no reported cases of permanent dental staining
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possibly induced by doxycycline in young children. However, it has
been recommended that the use of doxycycline be avoided in
children aged less than 8 years (72). In cases where doxycycline
cannot be used, such as in pregnant women, children, or individuals
with contraindications to tetracyclines, chloramphenicol is an
alternative drug of choice (7). However, chloramphenicol should
be used cautiously during pregnancy due to possible teratogenic
implications (73). For murine typhus infections caused by R. typhi,
azithromycin is commonly administered orally or intravenously. In
rare situations where other antibiotics are unsuitable or unavailable,
fluoroquinolones like ciprofloxacin or levofloxacin are preferred
(74). The differences in clinical severity of scrub typhus strains may
be influenced by factors such as strain virulence, associated co-
morbidities and immune status of the patients. The duration of
treatment depends on the specific rickettsial infection, the severity
of the illness, organ involvement and the patient’s clinical response.
In severe cases, treatment may extend from 7 to 14 days or even
longer (75). It is crucial for patients to complete the entire course of
antibiotics as prescribed by the clinician, even if symptoms improve
before the treatment is finished, to negate antibiotic resistance.
Though the current drug arsenal can manage the treatment of O.
tsutsugamushi infections, drug resistance is inevitable. O.
tsutsugamushi infections are highly fatal and treatment delays due
to lack of rapid and accurate diagnosis can drive serious patients to
multiorgan failure and shock. Unfortunately, there are no
apparently dedicated drug discovery programs for Rickettsial
infections. Recently, Varghese and colleagues (7) conducted a
multicentric, double-blind, randomized controlled clinical trial
(INTREST) on 794 Scrub typhus patients in India. They
compared the 7-day intravenous treatment of Doxycycline and
Azithromycin alone and the combination of the two drugs.
Combination IV therapy with doxycycline and azithromycin was
found to be a better therapeutic option for the treatment of severe
scrub typhus than monotherapy with either drug alone.

7 Challenges and opportunities

Scrub typhus caused by O. tsutsugamushi is an emerging
neglected tropical zoonosis prevalent in various states of India
with significant fatality rates and socio-economic impact. Clinical
diagnosis of Orientia infections is challenging and must be
addressed to facilitate early treatment. The overlap of common
disease symptoms and clinical presentation with other endemic
diseases makes clinical diagnosis difficult. In addition, lack of
awareness about Rickettsial infections in the community and
healthcare settings, limited access to skilled professionals and
advanced diagnostic tools lead to delayed diagnosis and missed
opportunities for early intervention. Though the disease is
widespread across several states of India, there is a paucity of
accurate epidemiological and clinical databases that would help to
design strategies for timely diagnosis and therapeutic interventions.
Serological approaches, while commonly used, have limitations
such as cross-reactivity that can result in false positive or false
negative results. More specific, accurate and standardized protocol-
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based rapid diagnostics for O. tsutsugamushi are urgently required
to establish clinical diagnosis and initiate early treatment.

Advancements in molecular biology can help identify specific
molecular targets and development of Orientia-specific diagnostics.
Rapid diagnostic tests, particularly point-of-care assays, could
enable quick and accurate detection, especially in resource-limited
settings where access to sophisticated laboratory facilities is difficult.
Public health interventions like focus on epidemiology, endemicity,
vector control, disease monitoring, and emergence in certain
endemic pockets are critical. Last but not least, dedicated
programs on discovering new or repurposed drugs and new
combination regimens for O. tsutsugamushi and other rickettsial
pathogens, including controlled clinical trials, are urgently required
to control this emerging disease.
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