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Abstract 
Background: Indian tick typhus (ITT) is a type of spotted fever caused by intracellular Rickettsial pathogens, specifi-

cally Rickettsia conorii subspecies indica, which exhibits unique clinical symptoms in humans compared to other spot-

ted fevers. Human cases have been reported from several states based on hospital-based studies. However, research on 

the detection of these pathogens in ticks is limited.  

Methods: A tick survey was conducted in different agro-climatic regions of Tamil Nadu. A total of 3,016 ticks belong-

ing to 12 species in 532 pools were tested for the presence of the groEL gene of Rickettsia conorii indica using indige-

nously designed primers. 

Results:  Of the 532 pools tested, 44 pools (8.27 %) were positive for the groEL gene, resulting in an overall Minimum 

Infection Rate (MIR) of 1.50 (95% CI=1.11–1.98). The bacteria were identified in all agro-climatic regions except in 

the Cauvery delta region. The MIR of the screened tick species were 4.11 (95% CI=1.73–8.43) in Rhipicephalus mi-

croplus, 1.34 (95% CI=0.90–1.92) in Haemaphysalis bispinosa, and 2.85 (95% CI=1.56–4.83) in Haemaphysalis inter-

media.  The MIR of the ticks collected from cattle was 0.34 in cattle (95% CI=0.15–0.67), 5.50 (95% CI=3.97–7.44) in 

goats, and 1.37 (95% CI=0.36–3.71) in sheep. 

Conclusion: The present study reports that the groEL gene as preliminary marker for the detection of the ITT-causing 

pathogen in field-collected ticks. The positivity of the groEL gene in the salivary glands needs further experimental con-

firmation. The primer needs further evaluation by comparing with MLST (Multilocus sequence typing) sequencing.  
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Introduction 
 

Rickettsial diseases are emerging globally 

and are caused by various bacteria belonging 

to six genera within the order Rickettsiales. 

These bacteria are transmitted to humans 

through the bite of ticks, mites, fleas, or lice. 

There are three major types of Rickettsia spe-

cies classified as the spotted fever group (SFG), 

the typhus group (TG), and the scrub typhus 

group (SG) based on serological characteristics 

(1). Globally, the Spotted fever group includes 

26 species of Rickettsia, of which 16 are known 

to transmit to humans and cause zoonotic dis-

ease through Ixodidae ticks (2). Mediterranean  

 

 
spotted fever is caused by Rickettsia conorii, 

with Rhipicephalus sanguineus serving as the 

vector for transmitting this bacterium to humans 

(3). The Rickettsia conorii group contains five 

subspecies: R. conorii conorii, R. conorii cas-

pia, R. conorii israelensis, R. conorii indica, 

and R. conorii raoulti as determined by Multi-

locus Sequence Typing (4, 40). Rickettsia conorii 

subspecies indica is a potential causative agent 

of Indian Tick Typhus (ITT) in India (5). This 

Rickettsia species was isolated in 1950 from 

Rh. sanguineus collected in India. The clinical 

manifestations of the disease differ from those 
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of Mediterranean Spotted Fever, presenting 

with a rash that includes purpura and eschar at 

the site of the bite (6,7). However, there have 

been no reported isolations of R. conorii in-

dica from patients in India. The complete ge-

nome sequence of R. conorii indica was car-

ried out in 2012 (5).  

Before the development of the Enzyme–

Linked Immunosorbent Assay (ELISA), the 

Weil-Felix test was used to detect antibodies 

for Rickettsia, which reacts with the Proteus 

vulgaris OX2 and OX19 antigen for diagnos-

ing spotted fever (8). The test was primarily 

used for initial screening of suspected acute 

febrile illnesses, although it exhibited lower 

sensitivity and specificity. Following the in-

troduction of ELISA for the diagnosis of vari-

ous diseases, the detection of spotted fever 

cases increased significantly. The first human 

case was reported in a French traveller who 

visited India, and no cases had been detected 

using either molecular or strain-specific anti-

body tests in India (9). Subsequently, serolog-

ical tests identified R. conorii in human cases 

reported from various states, including Karna-

taka (10,11), Uttar Pradesh (12), Puducherry 

(13, 14), Andhra Pradesh (15, 16), Tamil Na-

du (17, 18), Odisha (19) and Chandigarh (20), 

using IgM/IgG ELISA. Molecular detection of 

R. conorii in human cases has been reported 

from Tamil Nadu (21) and Gorakhpur (22) 

using Polymerase Chain Reaction (PCR).  

There are currently no species-specific mo-

lecular markers available for Rickettsia species. 

Multilocus sequence typing (MLST) utilizing 

molecular markers such as 16S rRNA, gltA, 

ompA, ompB and sca4 has been employed to 

differentiate between closely related Rickett-

sia species (4, 23–25). At present, the only avail-

able technique for confirmation of R. conorii 

indica is the minimum sequence pairwise se-

quence similarity of 100%, 100%, 99.9%, 99.9% 

and 100% for 16S rDNA, glt A, omp A, omp 

B and sca 4 genes, respectively, by MLST (37). 

Studies showed that the Rickettsia Indian Tick 

typhus strain showed nucleotide similarity of 

100%, 100% and 99.4 with the R. conorii strain 

Malish 7 molecular markers atpA, dnaK and 

17-kDa protein, respectively. Further, the Rick-

ettsia Indian Tick typhus strain showed nu-

cleotide similarity of 100%, 100% and 99.9% 

with the R. conorii indica reference strain ompA 

and ompB, respectively (26). However, it is 

difficult to amplify all the marker genes from 

a single sample and to sequence all five mark-

ers for surveillance of the pathogen in the tick 

samples. Therefore, it is essential to develop a 

single molecular marker for the identification 

of R. conorii indica. The GroEL genes, which 

belong to the chaperone family that encodes 

the 60-kDa heat shock protein, have been used 

as a molecular marker for the differentiation 

of Rickettsia spp (27). These genes are con-

served in both prokaryotes and eukaryotes and 

serve as housekeeping genes essential for cell 

survival. The present study aims to develop a 

single molecular marker for the detection of 

R. conorii indica using the groEL gene. The 

present study aims to develop and test a spe-

cies-specific primer from the complete genome 

of R. conorii indica.  

 
Materials and Methods 
 

Tick survey on domestic animals 

A tick survey was conducted in various ag-

roclimatic regions of India from 2021 to 2023, 

with species diversity reported elsewhere (28). 

A total of 8068 ticks were collected from do-

mestic animals. The ticks were identified at 

the species level, and the ticks were pooled 

from 1 to 25 ticks based on the village, host, 

and sex. From these, the pools containing a 

minimum of 1 to a maximum of 9 ticks were 

selected for the present study (29, 30). A total 

of 532 pools consisting of 3016 (36%) ticks 

belonging to 12 species were selected random-

ly. DNA extraction was carried out according 

to the standard protocol described in previous 

studies (31), and the extracted DNA was stored 

at -70 °C until processing. One tick that tested 

positive for groEL was dissected to obtain the 
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salivary glands and ovaries for pathogen screen-

ing. DNA was extracted from both the salivary 

and ovarian glands.  

 

GroEL primer design with Primer3 
The complete genome of R. conorii indica 

is available under the whole-genome shotgun 

project as NCBI Reference Sequence: NZ_ 

AJHC01000007.1. The groEL gene is located 

within the sequence from 955 to 2601. The 

sequence was downloaded, and primers were 

designed using the Primer3 online tool. A pri-

mer sequence with an expected amplicon size 

of 401bp was selected for screening the DNA 

samples.  

 

DNA extraction 

The DNA was extracted from a tick spec-

imen using a modified manual method de-

scribed in previous studies (31). Briefly, the 

tick specimens were removed from alcohol and 

washed three times with sterilized water. The 

tick specimens were then transferred to a 1.5 

mL tube containing lysis buffer and 2 mm glass 

beads. The tubes were shaken at 2000 rpm for 

four hours at room temperature. After shaking, 

the ticks were removed, and the lysate was 

transferred to silica suspension pre-equilibrat-

ed with 200µl of binding buffer. Following 

this, 500µl of absolute ethanol was added and 

vortexed for one minute. The tubes were cen-

trifuged at 11,000 rpm for one minute, and the 

supernatant was decanted. Subsequently, 500µl 

of protein wash buffer was added and vortexed 

for one minute. The supernatant was removed 

by decanting, and the wash buffer was added 

again. The tubes were vortexed for one minute 

and centrifuged at 11,000 rpm for one minute. 

The supernatant was decanted, and 500µl of 

absolute alcohol was added. The tubes were 

vortexed for one minute and centrifuged for 

one minute at 11,000 rpm. The alcohol was 

decanted, and the tubes were incubated at 52 

°C for five minutes to remove any remaining 

alcohol. Finally, the DNA was eluted by add-

ing 60 µl of ribonuclease-free water.  

Conventional PCR 

The conventional PCR reaction was stand-

ardized for detecting R. conorii indica using the 

groEL gene with indigenously designed primers. 

Briefly, the 25µl PCR reaction mixture consists 

of 12.5µl Ampliqon Master mix (Amplicon 

A/S, Odense M, Denmark), 1µl of each forward 

(5’TACAAGAGCGGCAGTTGAGG3’) and re-

verse (5’TTGGCATTGGCTCTGCCTTA3’) 

primer, 10.5µl of RNase-free water, and 1µl 

of DNA as the template for PCR. The PCR 

was conducted on an Eppendorf thermocycler 

with 35 cycles, each consisting of an initial de-

naturation at 95 °C for 5 minutes, followed by 

annealing at 57 °C for 1 minute, and extension 

at 72 °C for 1 minute. The final extension was 

performed at 72 °C for 10 minutes. A positive 

control for R. conorii indica groEL was ob-

tained from a previous tick DNA source, which 

has been confirmed by sequencing. The PCR 

product was analyzed using 1.5% agarose gel, 

and the results were documented using a gel 

documentation system. The positive amplicon 

was excised with a gel cutter and purified using 

the Macherey-Nagel™ NucleoSpin™ gel kit. 

Cycle sequencing was performed with the for-

ward and reverse primers separately using the 

Big–Dye terminator kit, and the reaction was 

further purified with the NucleoSpin Gel and 

PCR Clean-up Mini Kit. Sanger sequencing was 

conducted using the Agilent 2100 Bioanalyz-

er. The consensus sequence was obtained us-

ing BioEdit software. The cleaned consensus 

sequence was subjected to a BLAST search 

against the NCBI database. The confirmed se-

quences were aligned with reference sequenc-

es of the R. conorii indica groEL gene 

(NZ_AJHC01000007.1). The sequences were 

submitted to NCBI through Bankit.  

 

Minimum infection rate (MIR) calculation 

The minimum infection rate of pooled 

ticks was calculated using an Excel Add-in 

(32). The calculation was based on the ratio of 

the number of positive pools to the total num-

ber of specimens tested (33, 34).  
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Number of positive pools 

Minimum Infection Rate (MIR) =------- x 100 

Total specimens tested  

 
Results  
 

A total of 532 pools containing 3,016 ticks 

belonging to 12 tick species collected from do-

mestic animals across seven agro-climatic re-

gions of Tamil Nadu were screened with con-

ventional PCR with indigenously designed pri-

mers for the R. conorii indica groEL gene. Of 

these, 44 pools were found to be positive with 

an expected amplicon size of 401 bp (Fig. 1), 

resulting in a MIR of 1.50 (95% CI=1.11–1.98). 

Among these 44 pools, the groEL gene was 

detected in Rh. microplus, Ha. bispinosa and 

Ha. intermedia. The highest MIR was ob-

served in Rh. microplus (4.11, 95% CI=1.73–

8.43) (Table 1). Of these 44 positive pools, four 

amplicons were sequenced and confirmed the 

presence of R. conorii indica. Among these 44 

positive pools positive for groEL, one pool 

tested positive in each of the salivary gland 

and ovary dissected from Ha. bispinosa. The 

consensus sequence was submitted to NCBI, 

where it showed 100 % similarity with the groEL 

gene. The groEL gene was identified in ticks 

collected from cattle, goats, and sheep. The 

highest MIR was found in goats (5.50; 95% 

CI= 3.97–7.44) (Table 2). The groEL gene was 

positive in all agro-climatic regions except for 

the Cauvery delta. The highest MIR was re-

ported from the High rainfall region (3.89; 95 

% CI=2.68–5.46) (Table 3). Among the differ-

ent life cycle stages of ticks, including male, 

female, nymph and larva, the male exhibited 

the highest MIR (1.77; 95% CI=1.18–2.55) 

(Table 4).  

 

NCBI accession number 

The expected band was sequenced and sub-

mitted to NCBI. The sequences deposited in 

GenBank- one each from the male, female, sal-

ivary gland and ovary- were accession num-

bers: PV534567.1, PV066075.1, PV247038.1, 

and PV247037.1, respectively. 

 

Phylogenetic tree  

A phylogenetic tree was constructed using 

the Neighbor-Joining method, with 1,000 boot-

strap replications performed in MEGA 7 

software for R. conorii indica (Fig. 2).  

 

 
 

Fig. 1. PCR amplification of Rickettsia conorii subspecies indica groEL gene in the tick species. Legend lane 1–8: 

Haemaphysalis bispinosa, lane 9–16: Rhipicephalus microplus, lane 17–21: Ha. intermedia, lane 22: negative control, 

lane 23: positive control, lane 24: DNA size marker 100bp 
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Table 1. Rickettsia conorii subspecies indica infection rate in different tick species collected from domestic animals in 

Tamil Nadu, India, 2021–2023 
 

Species No. of 

Ticks 

No. of 

Pools 

tested 

No. of +ve 

Pools (%) 

MIR 95% Confidence Interval (CI) 

Lower Limit Upper Limit 

Amblyomma integrum 20 5 0 (0) 0.00 0.00 12.26 

Rhipicephalus annulatus 67 8 0 (0) 0.00 0.00 4.57 

Rhipicephalus microplus 163 21 6 (28.5) 4.11 1.73 8.43 

Haemaphysalis bispinosa 1954 357 26 (7.2) 1.34 0.90 1.92 

Haemaphysalis intermedia 465 56 12 (21.4) 2.85 1.56 4.83 

Haemaphysalis spinigera 8 1 0 (0) 0.00 0.00 17.89 

Hyalomma anatolicum 66 11 0 (0) 0.00 0.00 4.75 

Hyalomma hussaini 34 6 0 (0) 0.00 0.00 7.90 

Hyalomma marginatum 4 2 0 (0) 0.00 0.00 39.18 

Rhipicephalus haemaphysaloides 195 49 0 (0) 0.00 0.00 1.85 

Rhipicephalus sanguineus 16 8 0 (0) 0.00 0.00 14.62 

Rhipicephalus simus 24 8 0 (0) 0.00 0.00 11.54 

 3016 532 44 (8.2) 1.50 1.11 1.98 

 

 
 

Fig. 2. The Phylogenetic tree shows the relationship between the sequence of the groEL molecular marker of Rickettsia 

conorii subspecies indica and other tick-borne pathogens. A phylogenetic tree was constructed using MEGA software 

  Reference gene;   The present study sequences;     Sequences from other studies 
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Table 2. Rickettsia conorii subspecies indica infection rate in different domestic animals in Tamil Nadu, India, 2021–

2023 
 

Host No. of 

Ticks 

No. of Pools 

tested 

No. of +ve 

Pools (%) 

MIR 95% Confidence Interval (CI) 

Lower Limit Upper Limit 

Buffalo 28 6 0 (0) 0.00 0.00 9.38 

Cow 2073 347 7 (2.0) 0.34 0.15 0.67 

Dog 25 3 0 (0) 0.00 0.00 9.39 

Goat 663 138 34 (24.6) 5.50 3.97 7.44 

Sheep 227 38 3 (7.8) 1.37 0.36 3.71 

 3016 532 44 (8.2) 1.50 1.11 1.98 

 
Table 3. Rickettsia conorii subspecies indica infection rate in different agro-climatic regions of Tamil Nadu, India, 

2021–2023 
 

Agro-climatic region No. of 

Ticks 

No. of Pools 

tested 

No. of +ve 

Pools (%) 

MIR 95% Confidence Interval (CI) 

Lower Limit Upper Limit 

Cauvery Delta 447 77 0 (0) 0.00 0.00 0.83 

High rainfall 709 138 27 (19.5) 3.89 2.68 5.46 

Hilly region 185 34 2 (5.8) 1.11 0.20 3.62 

North Eastern 517 86 2 (2.3) 0.39 0.07 1.28 

North Western 552 87 3 (3.4) 0.55 0.15 1.49 

Southern Zone 410 74 5 (6.7) 1.27 0.47 2.80 

Western Zone 196 36 5 (13.8) 2.74 1.03 6.02 

 3016 532 44 (8.2) 1.50 1.11 1.98 

 
Table 4. Rickettsia conorii subspecies indica infection rate in different life cycle stages of ticks collected from 

domestic animals in Tamil Nadu, India, 2021–2023 
 

Sex No. of 

Ticks 

No. of 

Pools 

tested 

No. of 

+ve 

Pools (%) 

MIR 95% Confidence 

Interval (CI) 

Lower 

Limit 

Upper 

Limit 

Female 1297 230 17 (7.3) 1.33 0.81 2.07 

Larvae 39 9 0 (0) 0.00 0.00 7.24 

Male 1462 256 25 (9.7) 1.77 1.18 2.55 

Nymph 218 37 2 (5.4) 0.94 0.17 3.08 

 3016 532 44 (8.2) 1.50 1.11 1.98 

 

 

Discussion 
 

Indian Tick Typhus cases have been re-

ported in India since 1925 (35) based on clini-

cal and serological methods. The cases, which 

have been reported sporadically in different re-

gions of India, include those from the Spotted 

fever group caused by Rickettsia species. These 

species are associated with arthropods, and some 

are transmitted to humans by hard tick genera 

such as Amblyomma, Dermacentor, Haemaphy- 

 

 

salis, Hyalomma, Ixodes and Rhipicephalus. 

Transovarial transmission and co-feeding among 

hard ticks are the main factors in maintaining 

Rickettsia species in nature (36, 37).  

Among the spotted fever group of Rickett-

sia, studies on R. conorii indica in ticks are 

quite limited. This pathogen was first isolated 

from the Rh. sanguineus tick species in 1950 

and was later isolated from the French travel-
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lers who visited India (9). However, it has nev-

er been isolated from human cases in India. 

This lack of isolation is due to the absence of 

a fact-specific molecular marker for directly 

identifying Rickettsia at the species level. Se-

rological methods such as ELISA have indi-

cated the prevalence of R. conorii in humans 

in several studies (38), but it has never been 

isolated from a human sample. Additionally, 

information regarding vectors other than Rh. 

sanguineus that transmit R. conorii indica is 

lacking. Employing recent molecular techniques 

to study this bacterium may enhance detection 

rates. 

Rhipicephalus sanguineus is the primary 

vector for transmitting Rickettsia, particularly 

R. conorii. Other genera involved in transmis-

sion include Haemaphysalis and Hyalomma 

(11). Rickettsia conorii has been identified in 

Rh. microplus and Rhipicephalus haemaphy-

saloides in Maharashtra (39). The R. conorii 

subspecies raoulti has been reported from the 

Ha. intermedia tick species in Tamil Nadu, In-

dia, using the MLST technique (40). The Spot-

ted Fever Group primers, such as ompA, are 

more effective at differentiating closely re-

lated Rickettsia species than the gltA and 16S 

rRNA (27). The GroEL gene marker has been 

used for the identification of bacterial species, 

including Streptococcus (41), Bartonella (42), 

Ehrlichia (43) and Rickettsia (27). Further, the 
GroEL gene has better differentiation of Rickettsia 

and STG (spotted fever group) rickettsiae than 

the gltA and ompA gene analysis (27). The 

present study developed a preliminary molec-

ular marker using the groEL gene for the iden-

tification of R. conorii indica. in the genome 

extracted from whole samples and tissues of the 

ovary and salivary gland of ticks. Phylogenetic 

tree analysis indicates that the groEL gene of 

R. conorii indica is closely related to R. sibirica 

strain (27). However, a further confirmation 

study is essential to confirm R. conorii indica 

using MLST sequencing. In addition, a PCR-

RFLP pattern analysis of the positive samples 

is necessary for confirmation of  Rickettsia.  

Conclusions 
 

The present study demonstrated that the 

preliminary marker for the detection of R. 

conorii indica using the groEL marker by PCR 

in the tick population in India. The groEL gene 

serves as a molecular marker for distinguish-

ing this species from other Rickettsia at the 

species level. Further evaluation of this pre-

liminary marker on various tick species col-

lected from domestic animals is needed. The 

main limitation of the present study is that the 

positive samples were not confirmed with reg-

ular MLST typing. Therefore, the primer should 

be evaluated in the future by comparing the 
groEL-confirmed samples with MLST sequencing.  
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