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A R T I C L E  I N F O                              A B S T R A C T  
 

 

Background:  Scrub typhus is a rickettsial infection which is caused by Orientia 
tsutsugamushi and transmitted by the bite of chigger. It is an important cause of acute 
undifferentiated febrile illness. Delay in diagnosis may prove to be life threatening. 
Objective: To compare IgM ELISA and PCR for 56kDa antigen with    Micro  IFA-IgM in 
diagnosis of scrub typhus and perform IgG ELISA, MicroIFA-IgG for prevalence of scrub 
typhus. 
Material and Methods: There were 327 cases clinically suspected of scrub typhus over a 
period of 1 year. Commercially provided kits for IgM ELISA (In Bios Inc. USA), IgG 
ELISA (In Bios Inc. USA), IgM IFA (Fuller Laboratories, USA), IgG IFA (Fuller 
Laboratories, USA) and PCR for 56kDa antigen (Roche, Indianapolis, IN) were used. 
Analysis was done using statistical software Epi-info version 7(7.1.1.0). 
Results: Out of 327 clinically suspected scrub typhus cases, 227 were IgM and/or IgG  
ELISA positive. Out of 177 IgM ELISA positive cases, 174(98.3%), 151(85.3%), 
129(73%) and 17(9.6%) cases were positive for IgM IFA, IgG IFA, IgG ELISA and PCR 
respectively. The sensitivity of IgM ELISA and IgG ELISA as compared to IgM IFA 
and IgG IFA was 95% and 89% respectively. The specificity of IgM ELISA as compared 
to IgM IFA was 93%. The sensitivity and specificity of nested PCR was 9.6% and 100% 
respectively. 
Conclusion: Good specificity and low sensitivity of PCR using plasma needs further 
evaluation for optimizing the type of sample required for PCR. In resource limited settings, 
IgM ELISA seems to be a good alternative method for serological diagnosis. 
 
 
 
 
 

INTRODUCTION 
 

Scrub typhus is a zoonotic disease caused by an obligate intra-
cytoplasmic bacterium, Orientia tsutsugamushi and 
transmitted by the bite of chigger. It has now been excluded 
taxonomically from genus Rickettsia because its 16S rRNA 
gene sequences revealed that it is located away from 
rickettsial cluster1. It is a public health problem in Asia, where 
about 1 million new cases are identified annually and 1 billion 
people may be at risk for this disease. Mortality occurs in 
30% to 50% of untreated cases2. The disease has shown a 
seasonal pattern with maximum positivity from September to 
November. The basic pathology of scrub typhus is vasculitis 
with its main target cells being monocytes. The early classical 
manifestation includes fever, rash, lymphadenopathy and 
eschar. Eschar has been considered pathogonomic in various 
studies but its variable occurrence in different geographical 
region is a concern. Its presence therefore is not essential for 
the diagnosis of scrub typhus. Progression of severe scrub  
 
 

typhus may manifest as acute respiratory distress, meningo-
encephalitis and acute renal failure3. The rapid progression to 
fatal complications and associated mortality calls for 
improved diagnostic services and prompt initiation of 
treatment. Clinical diagnosis of scrub typhus is very difficult 
because of its vague presenting features. In 2003, 96 cases of 
fever of unknown origin were reported in Himachal Pradesh 
which were diagnosed to be scrub typhus.4 According to the 
laboratory data, there were 6455 positive cases in Himachal 
Pradesh in last 5 years till 16th June 2015, of which 129 
deaths occurred. O. tsutsugamushi is difficult to grow and 
requires Bio Safety Level 3 (BSL 3) facilities5. Serology is the 
mainstay of diagnosis in most laboratories and can be done by 
various tests. IgM ELISA is a rapid and sensitive method with 
sensitivity ranging from 93% to 97% and specificity from 
91% to 95%.6 Indirect Immunofluorescence Assay (Micro-
IFA) can quantify either IgG or IgM antibodies independently 
and is considered as a gold standard. The sensitivity and 
specificity of IFA is 95% and 88% for IgM antibodies and 
90% and 100% for IgG antibodies respectively.7 It is useful in 
diagnosis of both acute cases and seroepidemiology6. 
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However, it requires the use of a fluorescent microscope and a 
skilled observer. Polymerase Chain Reaction (PCR) of eschar 
material is more sensitive than the buffy layer of blood and 
results are available in 24 hours. It may be positive in patients 
on antibiotics.8 However PCR requires expensive equipment 
and infrastructure. Sensitivity depends on sample type and 
timing.  
 

MATERIAL AND METHODS 
 

Informed consent was obtained from all the patients or their 
guardians. Ethical clearance was taken from the institute’s 
ethical committee. 
 

Samples 
 

Five ml of venous blood (3ml serum tube+ 2ml EDTA tube) 
under all aseptic conditions was collected from 327 patients 
clinically suspected of scrub typhus from June 2015 to May 
2016.  
 

Serology 
 

Serum was separated by centrifugation at 2500g for 10 min 
and the clots were stored at -20˚C till further analysis. An 
indirect ELISA that detects IgM and IgG antibodies to 
Orientia tsutsugamushi was performed in all serum samples. 
The absorbance was measured at 450 nm. A titer of 0.468 OD 
for IgM ELISA and 0.5 OD for IgG ELISA was taken as 
positive. The serum samples from patients were subjected to 
IgM IFA and IgG IFA. The IFA slides were precoated with 
four scrub typhus strains (Gilliam, Karp, Kato, and Boryong) 
propagated in L292 cells. Serum samples of all the patients 
were put at dilutions of 1:64, 1:128, 1:256, and 1:512 for IgM 
IFA and 1:128, 1:256, 1:512 and 1:1024 for IgG IFA . The 
antigen-antibody reaction was visualized using a fluorescent 
microscope. A positive reaction was visualized as small green 
fluorescent rods in the background of counterstained red cells. 
A titer of ≥64 units for IgM IFA and ≥128 units for IgG IFA 
were taken positive. 
 

PCR 
 

DNA was extracted from 200 µl of plasma using the AuPreP 
GENbt DNA Extraction kit as per manufacturer’s 
instructions. The purified DNA was aliquoted and 
amplification was carried out by real- time format. The gene 
coding for 56kDa antigen of O. tsutsugamushi was amplified 
by PCR and the primer sequences used are given below: 
 

Forward primer: 5’-  
AACTGATTTTATTCAAACTAATGCTGCT-3’.  
Reverse primer: 5’- 
TATGCCTGAGTAAGATACRTGAATRGAATT-3’.  
Probe: 6FAM- 
TGGGTAGCTTTGGTGGACCGATGTTTAATCT-TMR. 
 

According to N1V1=N2V2, the volume of master mix used per 
reaction was 10 µl. Forward and reverse primer 1 µl each, 
Probe 0.8 µl and distilled water 2.2 µl per reaction to make a 
total volume of 15 µl. To 15 µl volume, 5 µl of the extracted 
DNA was added to make a total reaction volume of 20 µl. The 
PCR profile was determined with the following steps: 
Denaturation at 95˚C for 10 min followed by 40 cycles of 
95˚C for 15 s and final incubation at 65˚C for 1min in a 
thermocycler. The assay was run on StepOne Real-Time PCR 
System along with a positive and negative control. The Ct 
value was determined for the samples positive for PCR. 

Statistical analysis 
 

We computed the sensitivities and specificities, the positive 
and negative predictive values for all the 5 tests. Statistical 
analysis was done using statistical software Epi-info version 
7(7.1.1.0).  
 

RESULTS 
 

Enzyme linked Immunosorbent Assay (ELISA)- 
 

Out of 327 clinically suspected scrub typhus cases, 
227(69.4%) were IgM and/or IgG ELISA positive. One 
hundred cases were negative for both IgM and IgG ELISA. 
Out of 227 cases, 179(78.8%) were positive for IgG ELISA 
and 177 (77.9%) cases were positive for IgM ELISA. A total 
of 129(56.8%) were positive both for IgM and IgG ELISA. 
Out of 177 IgM ELISA positive cases, 174(98.3%) cases were 
positive for IgM IFA, 151(85.3%) were positive for IgG IFA, 
129(73%) cases were positive for IgG ELISA and 17(9.6%) 
cases were positive for PCR.  Out of 179 IgG ELISA positive 
cases, 178(99.4%) cases were positive for IgG IFA, 
137(76.5%) by IgM IFA, 129(72%) by IgM ELISA and 
17(9.4%) cases by PCR. Out of 50 cases negative for IgM 
ELISA, 50(100%) cases were positive for IgG ELISA, 
49(98%) cases positive for IgG IFA, 9(18%) cases positive 
for IgG IFA and none positive for PCR. Out of 48 cases 
negative for IgG ELISA, all 48(100%) cases were positive for 
IgM ELISA, 46(95.8%) cases were positive for IgM IFA, 
22(45.8%) cases positive for IgG IFA and 1(2.1%) positive 
for PCR. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Micro-Immunofluorescence Asaay (Micro-IFA) 
 

Out of 227 cases positive for IgM and/or IgG ELISA, 183 
(80.6%) cases were positive for IgM IFA whereas 200(88.1%) 
were positive for IgG IFA. Out of 129 cases positive for both 
IgM and IgG ELISA, 128 (99.2%) cases were positive both 
for IgM and IgG IFA whereas out of 100 cases negative for 
both IgM and IgG ELISA, 9(9%) cases were positive by IgM 
IFA while all 100 cases were negative by IgG IFA.Out of 183 
IgM IFA positive cases, 174(95%) cases were positive for 
IgM ELISA, 157( 85.7%) cases were positive for IgG 
IFA,137(74.8%) cases were positive for IgG ELISA and 
17(9.2%) cases were positive for PCR. Out of 200 positive 
IgG IFA cases, 178(89%) were positive for IgG ELISA, 
157(78.5%) cases positive for IgM IFA, 151(75.5%) cases for 
IgM ELISA and 17(8.5%) cases positive by PCR. Out of 44 
cases negative for IgM IFA, 43(97.7%) cases were positive 
for IgG IFA, 42(95.4%) cases were positive for IgG ELISA, 
3(6.8%) cases positive for IgM ELISA and none positive for 
PCR wheras out of 27 IgG IFA negative cases, 26(96%) cases 

 
 

 
 
 

Chart 1 Comparing positivity by using different serological tests and 
PCR in ELISA (IgM/IgG) positive cases (n=227) 
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were positive each for IgM ELISA and IgM IFA, 1(3.7%) 
case positive for IgG ELISA and none was positive for PCR. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Polymerase Chain Reaction (PCR) 
 

Out of 177 IgM ELISA positive cases, 17 (9.6%) cases were 
positive by PCR. Out of 17 PCR positive cases, all 17(100%) 
cases were positive for IgM ELISA, IgM IFA and IgG IFA 
whereas 16(94.1%) cases were positive for IgG ELISA. Out 
of 160 PCR negative cases, all 160(100%) cases were positive 
for IgM ELISA, 157(98.1%) cases were positive for IgM IFA, 
134(83.75%) cases were positive for IgG IFA and 113(70.6%) 
cases were positive for IgG ELISA. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Total number of cases positive for scrub typhus by any 
diagnostic method (ELISA/IFA/Nested- PCR) was 236. (227 
cases positive by IgM and/or IgG ELISA + 9 cases positive 
by IgM IFA). Hence, the clinical features, Biochemical, 
hematological parameters and radiological investigations were 
studied in 236 cases.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fever >39˚C was seen in all 236 patients. The duration of the 
fever at the time of diagnosis ranged from 5-20 days with 
mean duration of 12 days. Rash was seen in 35% (82/236) 
cases. The rash was mostly maculopapular and was 
predominantly found on the trunk. Eschar was seen in 
33(14%) cases with chest and extremities being the most 
common location. Lymphadenopathy was reported in 
84(35%) cases. Icterus was seen in 64(27%) cases. Pulmonary 
manifestations were noted in 148(62.7%) cases with most 
patients presenting with cough 100(42%). Two cases (1%) 
progressed to Acute Respiratory Distress Syndrome (ARDS). 
Hepatomegaly (21%) and Splenomegaly (15%) was noted in 
some patients. Acute kidney injury evidenced by increased 
urea and creatinine was seen in 226(95%) cases. Features of 
encephalitis were seen in 23(10%) cases. Myocarditis was 
seen in 16(5%) cases whereas 7 cases of pericardial effusion 
occurred.  
 

Biochemical and Haematological Parameters 
 

Haematological abnormalities noted in patients of scrub 
typhus were anaemia (64%, 151/236), leucocytosis (37%, 
87/236), thrombocytopenia (32%, 76/236) and increased 
transaminase levels (69%, 163/236). Pancytopenia was noted 
in (75%, 15/20). Total of 56 patients were treated with 
azithromycin while doxycycline was used to treat 198 
patients. Both doxycycline and azithromycin was given to 
treat 28 patients. 230(97.4%) patients were cured and 
discharged while 6(2.5%) died.  
 

Evaluation of Pcr Positive Samples 
 

Out of 177 cases who presented with fever duration of 7 or 
less than 7 days, 174 were positive for IFA IgM while 17 
were positive for PCR. The mean duration of fever in PCR 
positive cases was 6 days with a minimum of 1 day. Eschar 
was positive in only 1 PCR positive case. Most common 
presentation in PCR positive cases was cough with chest pain 
along with increased transaminase and alkaline phosphatase 
levels. All the PCR positive cases responded to treatment 
except 1who died. 
 

Sensitivity and Specificity of various tests 
 

The sensitivity of IgM ELISA, IgG ELISA, Micro- IFA IgM 
and Micro- IFA IgG was found to be 75%, 76%, 81% and 
85% respectively. The specificity of all the tests was 100%. 
The sensitivity of IgM ELISA and IgG ELISA as compared to 
IgM IFA and IgG IFA was 95% and 89% respectively. The 
specificity of IgM ELISA as compared to IgM IFA was 93%. 
The specificity of IgG ELISA as compared to IgG IFA was 

 
 

 
 

Chart 2 Various dilutions of IgM IFA and IgG IFA in scrub typhus 
positive cases 
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 IgG ELISA + IgG ELISA- Total 
IgM ELISA + 129 48 177 
IgM ELISA - 50 0 50 

Total 179 48 227 
 

 IgM IFA + IgM IFA- Total 
IgM ELISA + 174 3 177 
IgM ELISA - 9 41 50 

Total 183 44 227 
 

 IgG IFA + IgG IFA- Total 
IgM ELISA + 151 26 177 
IgM ELISA - 49 1 50 

Total 200 27 227 
 

 PCR + PCR- Total 
IgM ELISA + 17 160 177 
IgM ELISA - 0 0 0 

Total 17 160 177 

 

 

 
 

Chart 3 Seasonal Distribution of Scrub typhus positive cases (n=236) 
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Chart 4 Age and Sex Distribution of Scrub typhus positive cases 
(n=236) 
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99.2 %. The sensitivity and specificity of PCR was 9.6% and 
100% respectively.  
 
 
 
 
 
 
 

 
 
DISCUSSION 
 

Scrub typhus is a seasonal disease with high incidence in the 
post monsoon season, probably because of the spurt in the 
growth of scrubs. This creates a favorable environment for the 
increase in mite population. Total of 186 patients presented in 
the months of September to November. This seasonal pattern 
should alert the physicians to consider scrub typhus in the list 
of differential that commonly includes dengue and malaria 
during these months. Age group of 21- 60 years was the most 
commonly affected age group with predominance of females 
of reproductive age group as females make the major working 
population in Himachal Pradesh. Empirical therapy may be 
used in areas where no specific testing facilities exist 
especially in seriously ill. Rapid defervescence after antibiotic 
therapy is so characterstic that in itself can be considered as a 
diagnostic test. Scrub typhus is potentially treatable and 
therefore the morbidity and mortality associated with it can be 
reduced if diagnosed early. Doxycycline is considered as a 
drug of choice for treatment of scrub typhus9. The diagnosis 
of scrub typhus has traditionally been based on the assessment 
of the antibody titer in the serum samples obtained during the 
acute and convalescent phases of illness. However, it takes 
several weeks to confirm the diagnosis through serologic 
testing for establishing a ≥4-fold rise in titer. The 56-kDa 
type-specific antigen (TSA) is best suited for diagnostic 
testing, as it is the major immunodominant surface protein, 
containing both group- and strain-specific epitopes, and it is 
abundant in patient sera. IFA uses fluorescence-labeled anti-
human immunoglobulin to detect antibodies in the serum of 
the patient that have bound to immobilized bacterial antigen 
on a slide. 
 

The results of PCR are available within 2-3 hours, and this 
can greatly help to guide proper patient management. Plasma 
was used to perform quantitative detection by PCR. PCR 
assay was based on specific primers derived from the 56-kDa 
major outer membrane protein antigen of O. tsutsugamushi. 
PCR assays, either conventional or real-time, targeting the 56 
kDa gene, 47 kDa gene, 16 S rRNA and groEL gene have 
been explored and reported to have specificity approaching 
100%3. Sensitivity of the nested PCR assays using 56 kDa or 
the 16 S rRNA genes can be as low as 22.5% to 36.1%10. 
Real-time PCR assays show a better sensitivity ranging from 
45%11 to 82%12. It’s been shown in a study from Thailand that 
O. tsutsugamushi DNA can to be detected by the nested PCR 
technique as early as day 3 of the fever phase; this is before 
the appearance of specific antibodies in the blood13. However, 
in our study, O. tsutsugamushi DNA could be detected in the 
blood by PCR as early as the first day of fever onset. Kim et 
al. retrospectively evaluated the accuracy of conventional 
PCR targeting the 16S rRNA gene (16S C-PCR) for 
diagnosing scrub typhus and found an increased sensitivity of 
87.0% and specificity of 100% compared with those obtained 

with other targets and is thus a simple and clinically useful 
method with good diagnostic accuracy.14  
 

In a study conducted by Prakash JAJ et al, only 9(10.3%) 
samples tested positive both for IgM ELISA and Nested PCR 
with a sensitivity of 58% and 100% specificity by LCA 
analysis15. The low yield in PCR could be due to the presence 
of heme, a known inhibitor of PCR in the sample16. The 
improved sensitivity obtained by Kim et al, also could be due 
to the volumes (50μl) used for extracting DNA17 in contrast to 
200 μl used in our study, as recommended by manufacturer.  
High rate of false negative PCR results whose IgM titers were 
high may be due to clearance of bacteria by the immune 
system18. The use of 2 sets of primer for 56kDa antigen 
detection in cases of Nested PCR has improved specificity.  
 

To conclude, good specificity and low sensitivity of PCR 
using plasma as sample needs further evaluation of this test 
using blood, serum, buffy coat and eschar biopsy samples for 
optimizing the type of sample required for PCR. New 
technique for DNA extraction like Magnetic bead extraction 
may be evaluated comparing the conventional methods of 
DNA extraction for PCR. Since antigen detection tests have 
low sensitivity/ specificity and require biopsy specimens, in 
the clinical setting, serological assays are the mainstay of 
diagnosis3 as they are simple and easy to perform19. IgM 
ELISA for scrub typhus has high diagnostic accuracy and is 
less subjective than the IgM IFA. We suggest that the IgM 
ELISA may be used as an alternative reference test to the IgM 
IFA for the serological diagnosis of scrub typhus. 
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