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Abstract:

Background: Acute Undifferentiated Febrile Illness (AUFI) is a significant health concern, especially in
tropical regions like India, where it poses diagnostic challenges due to its nonspecific symptoms. Scrub typhus,
caused by Orientia tsutsugamushi, is a common but underdiagnosed infectious disease in these regions, leading
to severe complications and high mortality if untreated.

Objective: To characterize the clinical, demographic, and molecular features of scrub typhus in southern
Rajasthan, India, and assess the correlation between laboratory parameters, strain identification and patient
outcomes.

Material & Methods: A prospective, analytical study was conducted at the Pacific Institute of Medical
Sciences, Udaipur, from November 2020 to November 2024. Blood samples from patients with acute febrile
illness were tested for scrub typhus using serological (ELISA) and molecular (PCR) diagnostic methods.
Clinical features, demographic data, laboratory parameters, strain variability and disease outcome were
analyzed.

Results: A total of 350 scrub typhus cases were confirmed. The majority of patients (55.71%) were female, with
the highest prevalence observed in the 21-50 years age group (68.28%). Rural and tribal backgrounds
predominated (86% combined). The most common clinical manifestations were fever (100%), myalgia (98%),
headache (88.57%), and rash (75.14%). Eschar was present in 23.71% of cases. Hepatomegaly and
splenomegaly were observed in 41.14% and 41.42% of cases, respectively. Laboratory findings included raised
liver enzymes (33.14% for SGPT and 32% for SGOT), thrombocytopenia (36.85%), and raised ESR (48%).
Complications: Major complications included ARDS (38.28%), Multi-organ Dysfunction Syndrome (MODS)
(40.28%), jaundice (31.14%), and acute kidney injury (17.42%). The mortality rate was 14%, with male patients
(18.06%) showing higher mortality than females (10.76%). Agricultural workers had the highest mortality
(15.83%). Laboratory parameters correlated significantly with mortality, with elevated ESR, urea, creatinine,
SGOT, SGPT, and bilirubin levels in deceased patients. Molecular Findings: PCR sequencing revealed the
presence of Kato-like genes in 70% of deceased patients and Karp-like genes in 80%. The Gilliam strain was not
detected in any sample.

Conclusion: Scrub typhus is a significant cause of febrile illness in southern Rajasthan, with high mortality,
particularly among males and agricultural workers. Early diagnosis, prompt treatment, and management of
complications are crucial for improving patient outcomes. Molecular studies reveal strain-specific variations that
may influence disease severity and outcomes.

Keywords: Scrub Typhus, Acute Febrile Illness, Orientia tsutsugamushi, Mortality, Molecular Diagnosis,
ELISA, PCR, Southern Rajasthan.
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Introduction

Acute undifferentiated febrile illness (AUFI) is a
serious public health problem particularly in the
developing countries where it affects both urban
and rural communities having limited healthcare
infrastructure and resources. [1] AUFI is
characterized by sudden onset of fever with
associated symptoms which are unable to establish
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immediate cause as per initial clinical assessment.
This is common in many tropical and subtropical
areas. In India Acute Febrile Illness epidemics have
been a major source of concern for Indian health
officials, because most of these illnesses pose
considerable public health challenges. [2]
Therefore, such severe disecases as malaria,
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Japanese encephalitis, leptospirosis, rickettsiosis,
enteric fever, dengue fever and other infectious
diseases should be considered under differential
diagnosis for AUFI in these areas. [3]
Epidemiological data show that viral infections
contribute much to acute febrile diseases that can
be prevented through vaccination and controlled by
vector management strategies. [4]

Acute Febrile Illness (AFI) is characterized by a
sudden onset of fever lasting less than 14 days and
may result from various infectious or non-
infectious causes. [5-9] Among the infectious
etiologies is scrub typhus, caused by Orientia
tsutsugamushi, an obligate intracellular gram-
negative bacterium from the family Rickettsiaceae.
[10] This pathogen, known for over 200 years, was
first described as "Japanese flood fever" by
Hashimoto in 1810 and later by Baelz & Kawakami
in 1879. [11]

Scrub Typhus was identified by the World Health
Organization (WHO) as one of the most
unrecognised, ignored and serious public health
problems in  Asia-Pacific  region. [12]
Seroprevalence studies indicate that between 9-
31% of population are affected in different Asian
countries. [13-17] It is estimated that one billion
people are at risk of the disease in endemic regions,
with almost a million cases every year.
Traditionally, scrub typhus has been endemic to the
“tsutsugamushi triangle” which includes parts of
East and Southeast Asia. [18] The disease covers
approximately 13 million square kilometers of the
Asia—Pacific rim extending from Afghanistan to
China, Korea, south western pacific islands, and
north Australia as it is endemic. [19]

Scrub typhus is transmitted through bites from
infected mites (chiggers), which act as both vectors
and reservoirs [20]. These mites are more common
in densely vegetated areas during the rainy season.
The disease is region-specific and presents
symptoms such as high fever, headache, muscle
ache, rash, swollen lymph nodes, coughing, and
digestive issues, particularly in tropical regions like
India.?! Scrub typhus has been recognized in India
since ancient times. Now, India has seen a
significant rise in scrub typhus cases, making it a
leading cause of severe febrile illness with high
mortality rates. Notable outbreaks include southern
India (2001-2002) and Himachal Pradesh during
autumn. Epidemics have also been reported in
Tamil Nadu, Pondicherry, Goa, Assam, Nagaland,
and other regions. [22-26]

Scrub typhus is challenging to diagnose due to its
nonspecific symptoms, including fever, headache,
joint pain, rash, lymphadenopathy, respiratory and
gastrointestinal issues, and fatigue. A key feature is
the eschar—a dark scab at the bite site—though not
always present. Severe complications, if untreated,
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include ARDS, myocarditis, meningoencephalitis,
septic shock, and multi-organ dysfunction
syndrome (MODS). The variability in disease
severity depends on the patient's immune response,
bacterial strain, and timely intervention. [26]
Diagnosis often requires serological tests (e.g.,
Weil-Felix, ELISA) or molecular tests (PCR), as
symptoms can resemble other febrile illnesses like
dengue or malaria. Prompt treatment with
antibiotics like doxycycline or azithromycin is
crucial to prevent severe outcomes.

The antigenic diversity of Orientia tsutsugamushi,
due to its strain-specific outer membrane proteins
(e.g., TSAS56), complicates vaccine development
and diagnostic tests. Common strains include Karp,
Gilliam, and Kato, and the shift from “serotypes” to
“genotypes” reflects advanced understanding of its
genetic variability. Comprehensive research on
strain diversity and regional distribution, alongside
diagnostic and molecular studies, is essential for
combating the disease. This study focuses on
characterizing circulating serotypes in southern
Rajasthan, India, using ELISA and PCR-based
investigations.

Materials and Methods
Study Design: Prospective and Analytical study.

source of Sample: All age groups having acute
under diagnosed febrile illness patients.

Study Place and Duration: Study was done at
Department of Microbiology, Central Research
Laboratory, Pacific Institute of Medical Sciences,
Udaipur, Rajasthan, from November 2020 to
November 2024.

Inclusion Criteria: All age group patients with
acute under-diagnosed febrile illness presenting
with or without eschar in our hospital were includ-
ed in the study.

Exclusion Criteria: All other patients with co-
tropical illness, such as dengue, typhoid fever, and
malaria were excluded from the study. All dupli-
cate patients were excluded from the study. Scrub
typhus patients with chronic liver and CKD. Sam-
ples that were lysed, icteric or turbid were not in-
cluded.

Statistical Analysis: The statistical analysis was
carried out by using MedCalc software for window
version 16. The continuous data was expressed as
mean+SD. Descriptive statistics for the categorical
variables were performed by computing the fre-
quencies (percentage) in each category. The associ-
ation between two categorical variables was ana-
lyzed by Chi-square test or student t-test as appro-
priate. P-value <0.05 considered statistically signif-
icant.

Ethical Approval: The study was approved by
Institutional ethics committee of Sai Tirupati Uni-
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versity, Udaipur, (Rajasthan), India by Approval
number STU/IEC/2022/95.

Blood Sample Collection: Blood samples are col-
lected for Serology, hematology, biochemistry, and
molecular testing by appropriate aseptic collection
techniques into three different sample collection
tubes.

Sero-Diagnosis of Scrub Typhus by Elisa: The
Scrub Typhus Detect ELISA system for IgM test is
a diagnostic tool designed to detect IgM antibodies
specific to O. tsutsugamushi in serum samples. The
assay utilizes an enzyme-linked immunosorbent
assay (ELISA) format, a common technique for
detecting antibodies in biological samples. In this
assay, the wells of each ELISA plate are coated
with a mix of recombinant antigens derived from
O. tsutsugamushi. These antigens serve as the
target molecules for binding with IgM antibodies
present in the serum samples. During testing, serum
samples are first diluted in a sample diluent
provided by J-Mitra, the manufacturer of the kit.
These diluted samples are then applied to the wells
of the ELISA plate.

After incubation to allow antigen-IgM binding,
wells are washed to remove unbound components.
Polyclonal goat anti-human IgM antibodies conju-
gated with HRP are added, binding to IgM attached
to O. tsutsugamushi antigens. After further incuba-
tion and washing, TMB substrate is added, produc-
ing a blue color via HRP catalysis. An acidic solu-
tion stops the reaction, and absorbance is measured
at 450nm, proportional to IgM concentration. He-
matological tests (WBC, platelets, ESR) were per-
formed using autoanalyzers (ERBA Elite 580, ALI
FAX ROLLER 20), while biochemical tests (renal
and liver function) were conducted using an ERBA
XL 640 autoanalyzer.

Molecular Diagnosis of Scrub Typhus by Pcr:

Following sero-diagnosis of scrub typhus, the sam-
ples underwent molecular analysis. DNA was ex-
tracted from blood clots, and the presence of O.
tsutsugamushi DNA in the blood was determined
using a polymerase chain reaction (PCR) targeting
the type-specific antigen gene. The expected am-
plicon size was 410bp. The oligonucleotide primers
used were as follows: forward OtsuF: 5° - AATT-
GCTAGTGCAATGTCTG-3"; reverse OtsuR: 5'-
GGCATTATAGTAGGCTGAC-3'. The PCR am-
plification mixture (final volume 25ul) contained

e-ISSN: 0975-1556, p-ISSN: 2820-2643

dATP, dGTP, dTTP, 0.2 u M of primers and 1 U of
Taq DNA polymerase. The reaction was carried out
in a DNA thermal cycler (Bio Rad) machine.

Dna Sequencing

By the primer sequence of (5-GAT CAA
GCTTCCTCAGCCTACTATAATGCC-3"), and
Primers (5'-CTAGGGATCCCGAC
AGATGCACTATTAGGC-3"), which overlap,
were utilized to amplify a 483-bp fragment of the
56-kDa TSA gene. The amplified DNA was
purified with a QIAquick gel extraction kit
(Qiagen) and sent to Studio Diagnostics (Genetix
Asia Pvt Ltd, India) for sequencing. The
sequencing was performed using an ABI Prism
3730x1 DNA analyzer (Applied Biosystems, Foster,
CA). The resulting sequence data were analyzed
using bioinformatics tools. The sequence data were
assembled and refined using the DNA Baser
software  package (DNA Baser Sequence
Assembler v4, 2013, HeracleBioSoft,
(www.DnaBaser.com).  The  organism  was
identified by analyzing the sequencing results
through the BLAST tool available on the NCBI
platform.

Results:

This study focused on the clinical features, diag-
nostic methods, and strain identification of scrub
typhus in Southern Rajasthan, India, with 350 con-
firmed cases. A subset of 175 randomly selected
samples was tested using PCR, and 158 samples
were positive for scrub typhus. Further analysis of
59/158 PCR-positive samples identified O. tsutsu-
gamushi strains, with the Kato-like gene found in
24 samples and Karp-like in 11 samples.

In the present study out of 350 confirmed cases of
scrub typhus, female patients were predominance
over males. Male patients constituted in number of
155 (44.29%) and females were 195 (55.71%).
Male patients tended to be 41.4 years old, while
female patients were 41.44 years old on average
(Table 1).

The highest percentage of patients (68.28%) was
observed in age group of 21-50 years. The
percentage was highest in this age group due adult
patients worked in filed had more chances of mite
exposure. In the age group 51 and above had
percentage of 22.86%. lowest percentage 8.86%
was observed in age groups of 11 — 20 years.

Table 1: Sociodemographic characteristics of scrub typhus patients

Gender distribution (n=350) Total ( %) Mean age
Male 155 (44.29%) 41.40 years
Female 195 (55.71%) 41.44 years
Distribution of patients according to residence

Residence Total %

Urban 49 14%
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Rural (non-tribal) 154 44%
Tribal (non-tribal) 147 42%
Distribution of patients according to occupation
Housewife 24 6.86%
Farmers 240 68.57%
Mine worker/drivers 10 2.85%
Others 76 21.72%
Clinical features in scrub typhus patients
Fever with chills 350 100%
Rashes 263 75.14%
Vomiting 60 17.14%
Lymphadenopathy 104 29.71%
Headache 310 88.57%
Myalgia 343 98%
Shortness of breath 221 63.14%
Diarrhoea 53 15.14%
Conjunctival suffusion 37 10.57%
Presence of eschar 83 23.71%
Hepatomegaly 144 41.14%
Splenomegaly 145 41.42%
Rural (non-tribal) patients were highest in number with chills, myalgia, headache, conjunctival
154 (44%) followed by Trial (non-rural) patients chemoses. Breathlessness and rashes was

147 (42%). Lowest number of patients were
observed in urban area 49 (14%).

Majority of the 240 (68.57%) scrub typhus cases
were agriculturist by profession, followed by non-
agricultural profession i.e. students 31 (8.85%).
House workers 24 (6.85%), labour 23 (6.57%) and
other job 22 (6.28%).

Scrub typhus is more frequent in autumn (57.14
percent) than summer (24.57 percent). Prevalence
was highest in these months when the rains set in.
Furthermore, there were 10.28% of cases recorded
during November and December which are colder
months. The incidence of cases reduces slowly
from January to June, with a percentage decrease of
about 7.99% (Table 1).

Among the varied clinical manifestations in scrub
typhus, the common clinical findings were fever

commonly associated in female group than in male
group

Fever was the predominant symptom present in
100% of the patients followed by Myalgia 98%,
headache 88.57%, rashes 75.14%, shortness of
breath  63.14%, lymphadenopathy  29.71%,
vomiting 17.14%, diarrthoea 15.14% and
conjunctival suffusion in 10.57% of the patients
(Table 1).

Eschar was observed in 83 patients (23.71%) out of
350. Eschar was present mainly in female patients
47 (24.01%) over males 36 (23.22%).

Hepatomegaly was present in 41.14% among Scrub
Typhus patients. Splenomegaly was present in
41.42% of the patients. No statistically significant
difference was seen among parameters and gender
(Table 1).

Table 2: Laboratory parameters in scrub typhus patients

Parameters No. of patients (n=350) %
Leucocytosis (WBCs >11,000) 104 29.71%
Thrombocytopenia (PLT <1,00000) 129 36.85%
SGOT (>45 Iu/l 112 32%
SGPT (>45 1U/D) 116 33.14%
Bilirubin Total (>1.2mg/dl) 51 14.57%
Bilirubin Direct (>0.4 mg/dl) 68 19.42%
Urea (> 45 mg/dl) 87 24.85%
Serum creatinine (>1.2 mg/dl) 89 25.42%
ESR (>20 mm/hr) 168 36.85%

Leucocytosis was observed in 29.71% of the
patients, thrombocytopenia in 36.85% patients.
ESR was raised in 48% patients. Serum glutamic
pyruvic transaminase (SGPT), and serum glutamic
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oxaloacetic transaminase (SGOT) levels were
found to be higher than the normal range in
33.14%, and 32% patients, raised level of urea in
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24.85%, and creatinine  25.42%

respectively (Table 2).

patients MODS. ARDS was present in 38.28%, MODS
40.28%, Jaundice 31.14%, and AKI 17.42%.
Complications were present in 94 recovered

Complication in scrub typhus was observed i.c. patients (26.85%) and 40 (11.42%) in dead patients

ARDS, Jaundice, AKI (Creatinine>2.5mg/dl) and

(Table 3).
Table 3: Complications in scrub typhus patients
Complications No. of cases, | Recovered Death p-Value
(%) No of cases, (%) No of cases, (%)
ARDS 134, (38.28%) 94, (26.85%) 40, (11.43%) *<0.0001
Jaundice 109, (31.14%) 63, (18%) 46, (13.14%) *<0.0001
AKI (Creatinine >2.5mg/dl | 61, (17.42%) 16, (4.57%) 45, (12.85%) *<0.0001
MODS 141, (40.28%) 92, (26.28%) 49, (14%) *<0.0001

All the patients confirmed to have scrub typhus recovered except for 49 cases with a mortality of 14%. Twenty-
eight (18.06%) cases were males and twenty-one (10.76%) of cases were female. Mortality was present in male
patients 18.06% and females 10.76% (Table 4).

Table 4: Mortality according to gender wise among scrub typhus patients

Mortality Gender distribution No of patients | Percentage
Male (n=155) Female (n=195) (n=350)

Present 28 (18.06%) 21 (10.76%) 49 14%

Absent 127 (81.94%) 174 (89.24%) 301 86%

Total 100% 100% 350 100%

Mortality was further distributed according to occupation of the patients. Highest percentage of mortality was
observed among agricultural workers 15.83%, followed non-agricultural workers i.e. mine workers or drivers
40%, labour 17.38%, and other job employees 4.54%, and housewives 9%. No mortality was observed among
paediatric patients (Table 5).

Table 5: Distribution of patients according to mortality and Occupation.

Mortality Present
Occupation Male Female No of patients, %
No of patients, % | No of patients, %
Housewife (n=22) NA 02, (9%) 02, 9%
Farmers (n=240) 20, (8.33%) 18, (7.50%) 38, 15.83%
Labour (n=23) 03, (13.04%) 01, (4.34%) 04,17.38%
Employed (other job) (n=22) 01, (4.54%) 00, (0%) 01, 4.54%
Students (n=31) 00, (0%) 00, (0%) 0, 0%
Mine workers or Drivers (n=10) | 4, (40%) 0, (0%) 4, 40%

Clinical features of scrub typhus were observed in
mortality patients. Mainly presenting symptoms
was fever with chills 49 patients (14%), myalgia 49
patients (14.28%), and headache 49 patients
(15.80%). Followed by rashes 39 patients

(14.82%), shortness of breath 36 patients (16.28%),
lymphadenopathy 20 patients (19.23%), vomiting
and conjunctival suffusion each 9 patients (15%),

(24.32%), and diarrhea were present in 8 patients
(15.09%) [Table 6].

Table 6: Correlation of mortality and presenting complaints among Scrub Typhus patients.

Presenting complaints Death Recovered
No. of patients, % No. of patients, %
Fever with chills (n=350) 49, (14%) 301, (86%)

Rashes (n=263)

39, (14.82%)

224, (35.18%)

Vomiting (n=60)

9, (15%)

51, (85%)

Lymphadenopathy (n=104)

20, (19.23%)

84, (80.77%)

Headache (n=310)

49, (15.80%)

261, (34.20%)

Myalgia (n=343)

49, (14.28%)

294, (85.72%)

Shortness of breath (n=221)

36, (16.28%)

185, (83.72%)

Diarrhea (n=53)

8, (15.09%)

45, (34.91%)

Conjunctival suffusion (n=37)

9, (24.32%)

28, (75.68%)
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Mortality ~was correlated with  laboratory
parameters among scrub typhus patients. The mean
value of ESR in mortality group were 31.75
SD+12.28, Platelet counts 49571 SD%28696,
white blood cells 12846.93 SD+3213, Urea 69.79
SD+23.73, serum creatinine 3.11 SD+0.64, SGOT
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155.48 SD+67.90, SGPT 220.30 SD#97.01, and
bilirubin 2.64 SD#2.60. (p-value <0.05, a
statistically significant difference was seen in
mortality and laboratory parameters) [Table 7]

Table 7: Correlation of mortality and laboratory parameters

Presenting complaints Mortality present | Mortality absent

(n=49) (n=301)

mean SD mean SD p- value
ESR 31.75 +12.28 17.12 +10.75 <0.0001
Platelet counts 49571 +28697 | 159807 +76285 <0.0001
WBCs 12846.93 +3213 8274 +3144 <0.0001
Blood Urea 69.79 +23.73 32.39 +13.48 <0.0001
S. Creatinine 3.11 10.64 0.87 +0.62 <0.0001
SGOT 155.48 +67.90 42.40 +29.86 <0.0001
SGPT 220.30 +97.01 50.68 +43.10 <0.0001
S. Bilirubin (Total) 2.64 +2.60 0.95 +0.79 <0.0001

In the presented table, Kato-like gene were present in 70% of dead patients, while 30% in alive cases. Karp-like
gene (80%) were present in dead patients. Presence of Gilliam were not identified in all samples processed for

sequencing (Table 8).

Table 8: Genotypes in scrub typhus patients

Genotype (n=59) Recovered %, (No.) Mortality %
Kato-like (n=24) 30%, (07) 70%, (17)
Karp-like (n=11) 20%, (02) 80%, (09)
Gilliam 0% 0%

Discussion

Scrub typhus is a significant but often overlooked
infectious disease that is considered as one of the
most common emerging and re-emerging diseases
globally. It poses a considerable risk to a large
population, with over one billion people estimated
to be at risk, leading to approximately one million
cases of scrub typhus annually [27]. In certain
regions of India, scrub typhus is experiencing a
resurgence and has been reported to account for up
to 50% of cases of undifferentiated fever presenting
to hospitals [28]. Without prompt diagnosis and
treatment, the mortality rate from scrub typhus can
be substantial, ranging from 30% to 45% in
endemic countries.

Scrub typhus exhibits a seasonal trend, primarily
prevalent during the post-monsoon season, likely
due to increased growth of scrub vegetation
facilitating  favorable conditions for mite
populations. In the present study, male patients
constituted in number of 155 (44.28%) and females
were 195 (55.72%). Female patients were
outnumbered over males. The average mean age of
male patients were 41.4 years and females 41.44
years. Varghese et al [29] reported that median age
of scrub typhus patients in the southern part of
India was 36.5 years (range: 12-75 years) nearly
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equal representation of men (48%) and women
(52%). In my study, the highest number of patients
were seen in the age group 41-50 years 29.42%,
followed by age group of 3140 years 27.14%.
Majority of patients were females.

My study observation was consistent with the
findings of Nadda N et al. [30] found that 31.03%
of patients fell into the age group of 31-40 years,
with a majority being females (72.4%). Sharma et
al.,*! also reported a higher incidence of scrub
typhus in the age group of 30-40 years, especially
among females.

Rajendra Prasad Takhar et al. [32] reported
findings similar to this study, with 36% males and
64% females, mostly aged 20-50 years. Gupta et al.
[33] found 54.6% males and 45.4% females, aged
4-69 years, with 48.4% in the 10-30 age group.
Mallick SK et al. [36] noted most cases under 40
years, with 8.5% male and 12.15% female patients.

In my study, according to occupations majority of
the patients were farmers 68.57% followed by
housewife (6.85%), students (8.85%), and labour
(6.57%). G M Varghese et al, [29] showed that
among the total cases, farmers comprised 41%.
Vijay Kumar et al [34] reported housewives as 28
(51.85%) patients.
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In my study, most scrub typhus patients were from
rural (44%) and tribal (42%) backgrounds, with a
history of fieldwork. Housewives and school
children were the major occupational subgroups.
Vijay Kumar et al. [34] found a male predominance
(56.1%) in 189 cases, with most patients from rural
areas. Bihari Shyam et al. [35] reported 87.5% of
cases from rural areas, where dense vegetation and
agricultural work increase exposure to chigger
mites, and limited healthcare access contributes to
higher prevalence.

In my study, scrub typhus cases peaked in
September-October (57.14%), followed by July-
August (24.57%) and November-December
(10.28%). Sporadic cases were observed in May-
June (6%), March-April (1.14%), and January-
February (0.85%). These patterns align with
Mallick SK et al., [36] while Nadda et al. [37] and
Sharma N et al. also reported the highest cases in
September (39.66% and 31%, respectively).

In my present study, fever with chills was observed
in majority (100%) of the patients which is similar
to study conducted by Philomena J et al.*® In my
study, Myalgia were observed in 98%, followed by
headache in 88.57%. other associated symptoms
were rashes in 75.14% of the patients,
breathlessness 63.14%, vomiting 17.14%, GI
symptoms 15.14% and conjunctival suffusion
10.57%. Lymphadenopathy was observed in
29.71%. According to study done by Varghese
GM et al [29], the most frequently reported
symptoms among patients were fever, noted in all
cases (100%), followed by nausea/vomiting in 54%
of cases, shortness of breath in 49% of cases,
headache in 46% of cases, cough in 38% of cases,
and paresthesia in 26% of the cases.

My findings on scrub typhus align with Atry SK et
al. [39] (2020), where fever was the most common
symptom (100%), followed by shortness of breath
(40%), nausea and vomiting (10%), and diarrhea
(7.5%). Eschar was present in 15% of cases. SK S
et al [40] observed fever (100%),
lymphadenopathy (93%), hepatomegaly (73%), and
eschar (68%), among other signs. Pattnaik et al.*!
also found fever (100%) in their study, consistent
with other regional studies, highlighting common
clinical features of scrub typhus across different
areas, similar to my study.

In my study, eschar was observed in 83 (23.71%)
patients. The common sites of eschar finding were
groin, axilla, chest, legs and other sites of the body.
Some studies have been reported a wide range of
eschar prevalence, ranging from 7% to 97%
globally. For instance, a study conducted in South
India by Varghese GM et al [29] reported an eschar
incidence of 55%. A study done by Vivekanandan
et al. 42 (46%), Chrispal et al. (45.5%) and studies
from Vietnam, Taiwan, and Korea reported slightly
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higher incidences of eschar probably due to fair-
skinned population of these studies, which
increases the chances of finding eschar. [43]

In my study, rashes were observed in 75.14% of
cases, while the highest incidence was seen in Ja-
pan (93%) and China (90.4%) [44-45]. This varia-
tion may be influenced by the O. tsutsugamushi
genotype [46]. Regional lymphadenopathy was
found in 29.71% of cases, similar to Zhang et al.
[47] report of 26.5%. However, higher prevalences
were noted by Mahajan et al. [48] (52.3%) and
Hamaguchi S et al. (64.1%) [49].

In my study, hepatomegaly was observed in
41.14% of the patients, and splenomegaly in
41.42% of the patients. Further analysis of the pa-
tients revealed that 89.51% of the patients with
hepatomegaly and 91% of those with splenomegaly
also had MODS. A statistically significant differ-
ence was noted between these groups, indicated by
a p-value of less than 0.05. Kumar Vivek et al.
[50], reported hepatomegaly in their study was 69%
of the cases, while splenomegaly was noted in 41%
of the cases.

Hepatomegaly and splenomegaly in scrub typhus-
infected patients are primarily caused by the
systemic inflammatory response triggered by the O.
tsutsugamushi bacterium. The bacterium's invasion
leads to widespread endothelial cell damage and
inflammation in various organs, including the liver
and spleen. This inflammatory response results in
increased vascular permeability, vascular leakage,
and accumulation of immune cells in these organs.
Additionally, direct invasion of the liver and spleen
by the bacterium contributes to organ enlargement.
The combination of these factors leads to
hepatomegaly and splenomegaly, which are
commonly observed clinical manifestations in
patients with scrub typhus.

In my present study, thrombocytopenia was
observed in 36.85% of scrub typhus positive
patients. My observations regarding
thrombocytopenia in scrub typhus are consistent
with the findings of Zhang et al. in the Chinese
population, who reported a prevalence of 25.4%.
[47] Additionally, the mild nature of
thrombocytopenia aligns with the description by
Chrispal et al. [51] In contrast, higher rates of
thrombocytopenia (79.0%) were reported by
Varghese et al. [29] and Razak et al. [52],
indicating significant variability in the prevalence
of this condition across different studies.

Leucocytosis was seen in my study 29.71% of the
scrub typhus positive patients and leukopenia in
1.42% of the patients. Vivekanandan et al. [42]
reported leucocytosis at 30% in their study. Kim et
al. also observed associated leucocytosis to severity
of the disease by increased mortality [53].
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In my study, elevated AST was observed in 32% of
patients, ALT in 33.14%, and conjugated bilirubin
in 14.57%, with hypoalbuminemia present in 55%.
Rajapakse S et al. [54] reported higher liver
enzyme levels, with elevated SGOT in 78%-89%,
SGPT in 64%-92%, and ALP in 27%-84%. Lee et
al. [55] found that elevated liver enzymes are
linked to more complications, longer hospital stays,
higher costs, and the need for more efficient
management.

Complication in scrub typhus positive patients was
observed in my study. MODS is the most common
complication in my study patients 141 (40.28%)
followed by ARDS in 134 patients (38.28%),
Jaundice in 109 patients (31.14%), AKI in 61
patients (17.42%). A similar study was also done
by Verghese GM et al, [56] reported ARDS a
proportion of 43.5% of patients in their study.
Razak et al. [52] documented ARDS in 10% of
their scrub typhus cases. Conversely, Varghese et
al. observed a higher prevalence of ARDS, with
33.7% of cases in their earlier study group
experiencing this complication. [52]

In my study, acute respiratory distress syndrome
(ARDS) incidence was 8%-10%, while acute
kidney injury (AKI) was 17.42%, lower than Attur
et al. (23.2%) and Mahajan et al. (66.4%) [10,19].
Meningoencephalitis  (23.3%) was reported in
Mabhajan et al., higher than other Indian studies
(9.5%-14%), but not observed in this study.
Mortality varied, with meningitis cases at 6.2% and
renal dysfunction at 57%. Multi-organ dysfunction
syndrome (MODS) occurred in 40.28% of cases,
similar to Atry SK et al. (37.5%) [39] and Varghese
et al. (34%-38.3%) [17,57].

In the pre-antibiotic era, scrub typhus case-fatality
rates were 35%-50%.3 In this study, the mortality
rate was 14% (49 cases), lower than Bonell et al.
(24.1%)® and similar to Mahajan et al. (14.2%).%
However, it was slightly lower than Lai et al.
(15%-30%), Kumar et al., [60] and Rungta et al.
(17.2%)%! but higher than Atry SK et al. (10%)'>.
High mortality rates may result from delayed
hospital admissions, leading to multiple organ
failure before treatment.

In my present study, mortality was observed among
non-agricultural workers i.e. mine workers or driv-
ers (40%), labour (17.38%), followed by agricul-
tural workers (15.83%), housewives 9%, other job
employees 4.54%

Occupational exposure significantly increases the
risk of scrub typhus, particularly for mine workers,
drivers, and farmers aged 21-50 in rural areas.
Drivers and mine workers face higher exposure due
to extended road travel and visits to rural or forest-
ed regions, while farmers are at risk due to pro-
longed agricultural activities. Poor living condi-
tions, delayed medical attention, and the prevalence
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of virulent strains further exacerbate disease severi-
ty and outcomes in these groups.

In my present study, clinical features of scrub ty-
phus correlate with mortality cases. Mortality was
present in (14%) of the patients. Chief complaints
were fever 14%, myalgia 14.28%, and headache
15.8%, rashes 14.82%, shortness of breath 16.28%,
lymphadenopathy 19.23%, vomiting 15%, conjunc-
tival suffusion 24.72%, and diarrhoea 15.09%.
Among recovered patients, common clinical fea-
tures observed were fever 86%, rashes 85.18%,
vomiting 85%, lymphadenopathy 80.77%, head-
ache 84.2%, myalgia 85.72%, SOB 83.72%, diar-
rhoea 84.91%, and conjunctival suffusion 75.68%.

The 56-kDa protein of O. tsutsugamushi is highly
prevalent, with unique and cross-reacting epitopes
contributing to genetic diversity. PCR targeting the
56-kDa gene in eschar and blood samples is
effective for early diagnosis. While nested PCR is
well-studied, conventional PCR, though less
explored, shows strong correlation with nested
PCR and potential for molecular diagnostics.

Testing for different serotypes, such as Gilliam,
Karp, and Kato, is essential because these strains
are antigenically distinct (Ching et al., 2001). In my
study, out of the 159 PCR positive patient samples,
we were selected randomly 59 samples for
sequencing and found positive only thirty-five
samples further amplified using Karp and Kato
specific primers. The remaining samples were not
amplified by any other sets of specific primers. One
possible reason for this could be the absence of
Orientia-specific DNA in the blood samples due to
the administration of specific treatment before
sample collection, while the IgM antibody was still
present in the blood. Another reason might be the
lack of primers required to identify the diverse
serotypes of this organism that exist in nature. This
highlights the complexity and challenges in
detecting all possible serotypes of O. tsutsugamushi
accurately.

No specific data is available from Southern region
of Rajasthan based on genomic sequencing of
serotype specific antigen. In my study, Karp-like
strains were observed in 19% of the cases, in which
80% strains observed from mortality patients.
Kato-like strains were observed in 41% of the
cases, in which 70% strains observed from
mortality patients. My observation showed
significant similarity to isolates from Southeast
Asian countries including Malaysia (Kato-like
56%), Thailand (Kato-like 65%), Myanmar (Kato-
like 46%) strains. [62-64] G.M. Varghese et al
2013, reported 65.3% Kato-like, 30.7% Karp-like
and 3.8% Gilliam strains of scrub typhus.'”’ Yang
H H et al 2012, reported four prototype strains
(Karp, Kato, Kawasaki and Gilliam) and eleven
different Taiwanese genotype isolates. [65] In
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endemic areas there is great antigenic and
genotypic diversity that complicating scrub typhus
diagnosis. These findings show that genotype
diversity might not always lead to distinct clinical
presentations. Nonetheless, scrub typhus strain
distribution knowledge is important for diagnostic
purposes, development of future diagnostic tests
and vaccine development. [66]

The antigenic and genotypic diversity of O.
tsutsugamushi in endemic areas complicates scrub
typhus diagnosis, often missed due to nonspecific
symptoms and limited lab tests. Kim et al. noted
differences in eschars, rashes, and other symptoms
between Boryoung and Karp clusters, suggesting
genotype-related variations. However, their study
had few Karp cases, indicating genotypic variation
may not always align with clinical presentations.
The diagnostic challenge persists due to
nonspecific signs and inadequate testing facilities.

Understanding the geographical distribution of
scrub typhus strains is crucial for clinicians to
diagnosing the disease. This information is also
essential for developing future diagnostic tests and
vaccines. Although my study did not find a
significant association between scrub typhus strains
and disease outcome, likely due to the small sample
size. Future research with larger sample sizes could
provide more insights of prevalent strains and
outcome of the disease.

Conclusion

The study highlights the significant morbidity and
mortality associated with scrub typhus, especially
among females, agricultural workers, and older
individuals. Seasonal trends, rural prevalence, and
diverse clinical manifestations emphasize the im-
portance of awareness, early diagnosis, and timely
treatment. The ELISA test's high sensitivity and
specificity validate its role in diagnosing and as-
sessing disease severity. Effective management
strategies, including empirical drug therapy and
targeted interventions for high-risk groups, are es-
sential for reducing mortality. The genetic variabil-
ity of O. tsutsugamushi strains, including Karp-like
and Kato-like genes, underscores the complexity of
scrub typhus. Further genetic sequencing (e.g.,
Boryong, Kawasaki, Kuroki) is needed to enhance
early diagnosis and improve outcomes.

Future Prospective of This Study

Ongoing research is essential to understand how
different O. tsutsugamushi strains influence clinical
outcomes. Advanced sequencing technologies can
provide insights into genetic diversity, virulence
factors, and antimicrobial resistance. Phylogenetic
studies may trace strain evolution, identify geo-
graphical clusters, and correlate strains with clini-
cal presentations and treatment outcomes. Develop-
ing a standardized strain-typing system would ena-
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ble global collaboration, accurate tracking of
emerging strains, and improved disease manage-
ment. Strain-specific diagnostic assays, combined
with machine learning and bioinformatics, can en-
hance detection accuracy, predict trends, and iden-
tify potential hotspots. Monitoring antimicrobial
resistance and correlating strain genetics with drug
resistance will aid clinicians in early, precise, and
effective treatment. A strain specific diagnostic
assays can be developed and implemented to en-
hance detection accuracy and enabling early inter-
vention, reducing morbidity and mortality by ap-
plying machine learning algorithms and bioinfor-
matics tools to analyse large-scale strain data, pre-
dicting emerging trends, and identifying potential
hotspots of scrub typhus in case outcome or for
epidemiological surveillance. To establish correla-
tion between presence of scrub typhus gene and
drug resistance, so that clinicians can manage pa-
tients at early stage of the disease by accuracy &
effectively.
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