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ABSTRACT 

 

 
Background and Objectives: Scrub typhus, caused by Orientia tsutsugamushi, is a significant zoonotic illness in the 

Asia-Pacific region. Timely diagnosis is crucial, but overlapping symptoms and limitations of traditional diagnostic methods 

pose challenges. This study evaluates the diagnostic accuracy and utility of IgM ELISA, RT-PCR, and Rapid Card test for 

Scrub typhus, focusing on sensitivity, specificity, and practical applicability in endemic regions. 

Materials and Methods: This cross-sectional study was conducted on 192 patients with suspected Scrub typhus at a tertiary 

care hospital from June to November 2024. Diagnostic tests included Rapid Card, IgM ELISA, and RT-PCR. Sensitivity, 

specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy were calculated, along with clin- 

ical and demographic data. 

Results: IgM ELISA had the highest sensitivity (96.30%) and specificity (100%), followed by Rapid Card (sensitivity: 

93.55%, specificity: 99.38%) and RT-PCR (sensitivity: 92.86%, specificity: 99.44%). Common symptoms included fever 

(99.4%) and headache (95.8%). Positive cases were mostly males (56.7%-64.3%) and individuals aged 21-40 years. 

Conclusion: IgM ELISA shows high sensitivity and specificity for Scrub typhus, while RT-PCR aids early detection. The 

Rapid Card offers a quick field alternative. Combining molecular and serological methods can enhance diagnostic accuracy. 

 

Keywords: Scrub typhus; Orientia tsutsugamushi; Real time-polymerase chain reaction; Enzyme-linked immunosorbent 

assay; Diagnostic tests 

 
INTRODUCTION 

 
Scrub typhus, caused by the obligate intracellular 

bacterium Orientia tsutsugamushi, is a major zoo- 

notic  illness  seen  in  rural  Asia-Pacific countries. 

Scrub typhus, characterized by symptoms such as 

fever, rash, and eschar at the site of mite bites, can 

cause serious complications if not recognized and 

treated quickly (1). The clinical symptoms of dengue 

and typhoid fever sometimes overlap, making cor- 

rect diagnosis difficult (2). Scrub typhus has tradi- 

tionally been diagnosed by serological tests, such as 

enzyme-linked immunosorbent assays (ELISA) and 

indirect immunofluorescence assays (IFA), which 

identify antibodies against O. tsutsugamushi. How- 

ever, the sensitivity of these tests may be limited, 
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especially in the early stages of infection when an- 

tibodies have not yet developed (3, 4). Furthermore, 

serological testing may cross-react with other rick- 

ettsial illnesses, producing false positives. In recent 

years, reverse transcription polymerase chain reac- 

tion (RT-PCR) has emerged as a potential molecular 

diagnostic method for quick and precise identifica- 

tion of O. tsutsugamushi (5). RT-PCR can detect the 

presence of pathogen genetic material, potentially 

improving early diagnosis and treatment (6). Despite 

these advances, the comparative efficacy of RT-PCR 

against standard serological tests in clinical practice 

remains unknown (7). This study aims to evaluate 

the sensitivity and specificity of RT-PCR compared 

to serological tests for diagnosing Scrub typhus. By 

systematically analyzing these diagnostic methods, 

we aim to provide insights that could inform clini- 

cal guidelines and enhance patient outcomes in re- 

gions where Scrub typhus is endemic. The findings 

will contribute to understanding the most effective 

diagnostic strategies and ultimately support better 

disease management in affected populations. 
 

 
 

MATERIALS AND METHODS 

 
Study design.  This study employed a cross-sec- 

tional design, evaluating patients with suspected 

Scrub typhus in a clinical setting over a defined pe- 

riod. It was conducted at a tertiary care hospital in 

Theni between June 2024 and November 2024. 

 
Study population: inclusion criteria. Patients 

aged 18 years and older presenting with acute febrile 

illness (fever >38°C) and at least one of the following: 

rash, eschar, lymphadenopathy, or history of expo- 

sure in endemic areas. 

 
Exclusion criteria. Lysed or turbid blood samples; 

Prior antibiotic treatment for Scrub typhus within 14 

days; Other infectious diseases that could affect test 

results; Significant comorbidities (e.g., severe immu- 

nocompromised states, chronic illnesses); Pregnan- 

cy  (due  to  potential  immune  response  alterations) 

and Recent rickettsial vaccinations or infections that 

could cause cross-reactivity. 

 
Clinical samples. Each patient provided detailed 

demographic information, a comprehensive medical 

history, and underwent a clinical examination. The 

study included 192 clinically suspected individuals 

presented to the hospital with relevant symptoms. 

From each participant, 5 mL of blood was collected 

within the first week of illness onset. Samples were 

processed for both RT-PCR and serological testing. 

 
Diagnostic methods: rapid diagnostic tests 

(RDT). It is a solid phase immunochromatograph- 

ic test (SD Biosensor, Republic of Korea) designed 

for the fast and qualitative detection of O. tsut- 

sugamushi-specific IgG/IgM antibodies in human 

serum, plasma, and whole blood. The Scrub typhus 

IgG/IgM Rapid card was conducted using commer- 

cially available kits, following the manufacturer's rec- 

ommendations. 

 
Serological testing. The presence of immunoglob- 

ulin M (IgM) antibodies against Scrub typhus was 

detected in all samples using an Enzyme-Linked Im- 

munosorbent Assay (ELISA). The Scrub typhus IgM 

ELISA was performed using commercially available 

ELISA kits according to the manufacturer’s instruc- 

tions (InBios International Inc. kit from Seattle, WA, 

USA). The optical density (OD) was measured at 450 

nm and interpreted in accordance with the manufac- 

turer's guidelines. 

 
RT-PCR. Total RNA was extracted from 200 µL 

of blood samples using a commercial RNA extraction 

kit following the manufacturer’s protocol (QIAamp 

RNA Blood Mini Kit). Commercially available HE- 

LINI Scrub typhus Real-time PCR diagnostic kits 

were used following the manufacturer’s protocol 

(HELINI Biomolecules, Chennai, INDIA). Positive 

and negative controls were included in each run to 

validate the results. All the samples were run on a 

ABI Biosystems 7500 PCR machine and the BioRad 

CFX96 PCR machine. 

 
Data analysis. The Statistical analysis was per- 

formed using SPSS software version 21.0 (IBM Corp. 

IBM SPSS Statistics v21). Sensitivity was calculated 

as the proportion of true positive cases identified by 

each test. Specificity was determined as the propor- 

tion of true negative cases. The Sensitivity, specific- 

ity, positive predictive value and negative predictive 

value of the Scrub typhus RT PCR were evaluated by 

using online MedCalc (MedCalc Software bvba, Bel- 

gium; version 18.9). The significance of the p-value is 

taken as p < 0.05. 
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Ethical considerations. The Ethics Committee at Table 2. Clinical profiles of symptomatic enrolled patients 

GTMC, Theni, approved the study after it was con-           

ducted in accordance with the Declaration of Helsin- 

ki (Ref No: 1515/MEIII/2024). The study comprised 

patients of all ages and genders who reported an acute 

onset of high fever, body aches, convulsions, and a 

change in mental status. 
 

 
 

RESULTS 

 
To identify Scrub typhus, 192 clinically suspected 

patient samples were collected between June 2024 

and November 2024. Samples suspected of containing 

Scrub typhus IgM ELISA antibodies were used for the 

test. Scrub typhus diagnostic tests were performed on 

192 suspected cases using three different approaches 

(Table 1). The Rapid Card test identified 30 positive 

Clinical 

Presentation 
 

 
Fever 

Cough 

Chills 

Skin Rash 

Headache 

Seizures 

Vomiting 

Abdominal pain 

Sore throat 

Body pain 

Myalgia 

n = 192 

(%) 

 
191 (99.4%) 

114 (59.3%) 

87 (45.4%) 

34 (17.7%) 

184 (95.8%) 

75 (39.0%) 

67 (34.8%) 

54 (28.1%) 

112 (58.3%) 

134 (69.7%) 

74 (38.5%) 

Males 

(n=114) 

(%) 

113 (99.1%) 

79 (69.2%) 

38 (33.3%) 

16 (14.0%) 

109 (95.6%) 

42 (36.8%) 

28 (24.5%) 

26 (22.8%) 

68 (59.6%) 

75 (65.7%) 

36 (31.5%) 

Females 

(n=78) 

(%) 

78 (100%) 

35 (44.8%) 

49 (62.8%) 

18 (23.0%) 

75 (96.1%) 

33 (42.3%) 

39 (50%) 

28 (35.8%) 

44 (56.4%) 

59 (75.6%) 

38 (48.7%) 

cases, with a positivity rate of 15.63%. The IgM ELI- 

SA test detected 29 positive cases (15.10%), while the 

RT-PCR test identified 14 positive cases (7.29%). The 

higher positivity rates in the Rapid Card and IgM tests 

compared to RT-PCR are likely due to the different 

diagnostic windows of these tests. While serological 

tests detect antibodies that develop later in infection, 

RT-PCR identifies the pathogen directly and is more 

effective during the early phase of illness. 

 

Table 1. Total No. of serologically tested positive cases out 

of the total suspected subjects 

Table 3 presents the distribution of Scrub typhus- 

positive cases by gender and age group. Males ac- 

counted for the majority of positive cases across all 

diagnostic methods, with the highest proportion found 

in RT-PCR-positive individuals (64.3%). The age 

group 21–40 years had the highest number of positive 

cases in all three testing methods: 56.7% for Rapid 

Card, 62.1% for IgM ELISA, and 64.3% for RT-PCR. 

In contrast, the 0-20 years age group had the fewest 

positive cases, particularly in RT-PCR, where no cas- 

es were detected. The 41-60 years group contributed 

a moderate number of cases, while individuals above 

                                                                                            60 years had the lowest representation overall. These 

S. No 

1 

2 

3 

Test Name 

Scrub typhus Rapid card 

Scrub typhus IgM  

Scrub typhus RT-PCR 

Total 

192 

192 

192 

Positive (%) 

30 

29 

14 

results suggest that young adults, particularly males 

aged 21-40, are more frequently affected by Scrub ty- 

phus in this setting. 

 

Diagnostic performance of Scrub typhus detec- 

tion methods. The diagnostic performance of the three 

The clinical features of the 192 symptomatic pa- 

tients (114 males and 78 females) are detailed in Table 

2. Fever was the most commonly reported symptom, 

observed in 99.4% of patients, with no significant gen- 

der difference. Headache was also prevalent, affecting 

95.8% of the cohort. Notable gender-based variations 

were observed for several symptoms. Cough was 

more frequently reported in males (69.2%) compared 

to females (44.8%), whereas chills were more com- 

mon in females (62.8%) than males (33.3%). Simi- 

larly, vomiting, rash, abdominal pain, body pain, and 

myalgia were reported more frequently among female 

patients. 

Scrub typhus detection methods—Rapid Card, IgM 

ELISA, and RT-PCR—was assessed based on sensitiv- 

ity, specificity, positive predictive value (PPV), nega- 

tive predictive value (NPV), and overall accuracy (Ta- 

ble 4). The Scrub typhus Rapid Card test demonstrated 

a sensitivity of 93.55% (95% CI: 78.58%-99.21%) and 

a specificity of 99.38% (95% CI: 96.59%-99.98%). It 

showed a PPV of 96.67% (95% CI: 80.40%-99.51%) 

and an NPV of 98.77% (95% CI: 95.44%-99.67%), 

with an overall diagnostic accuracy of 98.44% (95% 

CI: 95.50%-99.68%). The Scrub typhus IgM ELISA 

test exhibited the highest sensitivity among the three 

at 96.30% (95% CI: 81.03%-99.91%), with a perfect 
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Table 3. Distribution of serologically positive cases based on gender and age 

 

S. No Test Name Number of Male Female 0-20 21-40 41-60 >60 

  Positive (%) (%) Years years Years Years 
1 Scrub typhus Rapid card 30 17 13 2 17 8 3 
2 Scrub typhus IgM 29 16 13 1 18 8 2 
3 Scrub typhus RT-PCR 14 9 5 0 9 4 1 

 
 

Table 4. Comparative evaluation of Scrub typhus for their sensitivity, specificity, Positive Predictive Value (PPV), Negative 

Predictive Value (NPV) and CI=Confidence Interval 

 

Group Sensitivity 

(95% CI) 
Specificity 

(95% CI) 
PPV 

(95% CI) 
NPV 

(95% CI) 
Accuracy 

(95% CI) 
Scrub typhus 93.55% 99.38% 96.67% 98.77% 98.44% 
Rapid card (78.58% to 99.21%) (96.59% to 99.98%) (80.40% to 99.51%) (95.44% to 99.67%) (95.50% to 99.68%) 
Scrub typhus 96.30% 100.00% 100.00% 99.39% 99.47% 
IgM (81.03% to 99.91%) (97.75% to 100.00%) (86.77% to 100.00%) (95.95% to 99.91%) (97.09% to 99.99%) 
Scrub typhus 92.86% 99.44% 92.86% 99.44% 98.96% 
RT-PCR (66.13% to 99.82%) (96.91% to 99.99%) (64.68% to 98.93%) (96.40% to 99.91%) (96.29% to 99.87% 

 

 

specificity of 100.00% (95% CI: 97.75%-100.00%). 

The test yielded a PPV of 100.00% (95% CI: 86.77%- 

100.00%) and an NPV of 99.39% (95% CI: 95.95%- 

99.91%), achieving the highest overall accuracy of 

99.47% (95% CI: 97.09%-99.99%). The Scrub typhus 

RT-PCR test showed a sensitivity of 92.86% (95% CI: 

66.13%-99.82%) and a specificity of 99.44% (95% 

CI: 96.91%-99.99%). It had a PPV of 92.86% (95% 

CI: 64.68%-98.93%), an NPV of 99.44% (95% CI: 

96.40%-99.91%), and an overall accuracy of 98.96% 

(95% CI: 96.29%-99.87%). These results suggest that 

all three diagnostic methods exhibit high accuracy and 

reliability. However, the IgM ELISA marginally out- 

performs the others in terms of sensitivity, specificity, 

and overall diagnostic precision. 
 

 
 

DISCUSSION 

 
This study highlights the diagnostic strengths and 

limitations of Rapid Card, IgM ELISA, and RT-PCR 

in identifying Scrub typhus across different stages of 

infection. Among the methods evaluated, IgM ELI- 

SA demonstrated the highest sensitivity and speci- 

ficity, supporting its role as a reliable tool for diag- 

nosing Scrub typhus in both early and later stages of 

illness. Its performance aligns with previous reports 

by Ramlingam et al. and Blacksell et al., who also 

documented high diagnostic accuracy using the In- 

Bios Scrub typhus Detect ELISA (3, 8). Comparable 

results were reported by Jang et al. and Prakash et al., 

with findings indicating sensitivity and specificity 

levels similar to those of the gold standard immuno- 

fluorescence assay (IFA) (9, 10). Unlike the findings 

from Prakash et al., this study did not observe signif- 

icant cross-reactivity, suggesting a lower false-pos- 

itive rate in this population (11). This contrasts with 

the  Kumaon  region  study, which  emphasized  the 

need for carefully calibrated cutoff values to mini- 

mize false positives in IgM-based assays and recom- 

mended RT-PCR as a confirmatory tool, especially 

after day 8 of the illness (6). These observations re- 

inforce the complementary nature of serological and 

molecular diagnostics in Scrub typhus. RT-PCR was 

more successful in the early stages of infection, in- 

dicating higher bacterial loads, but serological tech- 

niques, which detect antibodies, were more reliable 

later. These differences highlight the complimentary 

nature of these diagnostic methods, implying that 

combining RT-PCR and serological assays could im- 

prove diagnosis accuracy. 

In contrast, RT-PCR exhibited high specificity 

and moderately lower sensitivity, reflecting its ef- 

fectiveness primarily during the early phase of in- 

fection when bacterial loads are higher. This meth- 

od is instrumental in confirming infection before 

seroconversion occurs and is especially useful in 

distinguishing Scrub typhus from other rickettsial 
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infections, where serological tests may suffer from 

cross-reactivity. These findings are consistent with 

those reported by Anitharaj et al. (JIPMER), who 

confirmed over half of ELISA-positive cases using 

RT-PCR. Moreover, studies by Singhsilarak et al. 

and Bakshi et al., validated RT-PCR by targeting the 

56-kDa gene with positivity rates between 62.9% 

and 73% (12-14). The gender and age distribution 

of positive cases showed that males, possibly due to 

increased outdoor exposure, and people aged 21 to 

40 were the most impacted, which corresponded to 

occupational and environmental risk factors. While 

fever and headache were uniformly reported, other 

symptoms, such as rash and stomach pain were more 

common in females, indicating that clinical presen- 

tation may vary by gender. 

The timing of sample collection had a significant 

impact on diagnostic yield. RT-PCR performed best 

within the first week of illness, while IgM ELISA 

was more reliable from the second week onward, 

consistent  with  findings from  Saisongkorh  et  al., 

who reported PCR positivity extending to day 22 in 

some cases (15). This reinforces the utility of a dual 

diagnostic approach, employing molecular methods 

early and serological assays in later stages, to max- 

imize detection accuracy. In addition to laboratory 

findings, the demographic and clinical profiles ob- 

served provide important epidemiological insights. 

Males, particularly those aged 21 to 40, were more 

frequently  affected,  possibly  due  to  occupational 

and environmental exposures. Gender-based symp- 

tom differences were also evident—rash, vomiting, 

and abdominal pain were more prevalent among 

females—highlighting the potential for variable 

clinical presentations between sexes. Despite the 

strengths of each method, practical limitations still 

remain. RT-PCR, though highly specific, requires 

specialized equipment and trained personnel, mak- 

ing it less feasible in many endemic areas. Serolog- 

ical assays, though more accessible, may yield false 

positives in co-endemic settings without confirma- 

tory molecular testing. Therefore, diagnostic strate- 

gies must consider both resource availability and the 

stage of illness. 
 

 
 

CONCLUSION 

 
This study underscores the importance of select- 

ing appropriate diagnostic tools for Scrub typhus 

based on both clinical context and resource avail- 

ability. IgM ELISA emerged as the most accurate 

and reliable method across disease phases, offering 

high sensitivity and specificity. The Rapid Card test, 

while slightly less precise, remains valuable for its 

rapid results and ease of use in field settings. RT-PCR 

plays a crucial role in early diagnosis and in distin- 

guishing Scrub typhus from other febrile illnesses, 

particularly in the pre-seroconversion window. The 

findings support an integrated diagnostic approach 

that combines serological and molecular techniques 

to enhance accuracy—particularly in endemic re- 

gions where multiple febrile illnesses may overlap. 

The use of RT-PCR in the early phase, followed by 

IgM ELISA in the later phase, can significantly im- 

prove case detection and treatment outcomes. Final- 

ly, targeted interventions should focus on high-risk 

groups—especially males aged 21 to 40—to enable 

early identification and management, reducing the 

burden of complications and improving public health 

outcomes in endemic settings. 
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