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Geography and prevalence 
of rickettsial infections in Northern 
Tamil Nadu, India: a cross‑sectional 
study
Solomon D’Cruz1, Susmitha Karunasree Perumalla1, Jayaraman Yuvaraj2 & 
John Antony Jude Prakash 1*

Rickettsial infections and Q fever are a common cause of acute febrile illness globally. Data on the 
role of climate and altitude on the prevalence of these infections in lacking from Southern India. 
In this study, we determined the sero‑prevalence of scrub typhus (ST), spotted fever (SF), murine 
typhus (MT) and Q Fever (QF) in 8 eight geographical regions of North Tamil Nadu by detecting IgG 
antibodies using ELISA. Totally we tested 2565 people from 86 localities. Among the 27.3% positives, 
approximately 5% were IgG positive for two or more infections. Sero‑prevalence to rickettsioses 
and Q fever was highest for individuals from rural areas and increased with age (> 30 years). Those 
in the Nilgiris highlands (wetter and cooler) and Erode, which has the most land under irrigation, 
demonstrated the least exposure to rickettsioses and Q fever. Lowland plains (AOR: 8.4–22.9; 95% 
CI 3.1–55.3) and highland areas up to 1000 m (AOR: 6.1–10.3; 95% CI 2.4–23.9) showed the highest 
risk of exposure to scrub typhus. For spotted fever, the risk of exposure was highest in Jawadhi 
(AOR:10.8; 95% CI 2.6–44.3) and Kalrayan (AOR:16.6; 95% CI 4.1–66.2). Q fever positivity was most 
likely to be encountered in Salem (AOR: 5.60; 95% CI 1.01–31.08) and Kalrayan hills (AOR:12.3; 95% 
CI 2.9–51.6). Murine typhus risk was significant only in Tiruvannamalai (AOR:24.2; 95% CI 3.3–178.6). 
Our study suggests that prevalence of rickettsial infections and Q fever is low in areas which receive 
rainfall of ≥ 150 cm/year, with average minimum and maximum temperatures between 15 and 25 °C 
and elevation in excess of 2000 m. It is also less in well irrigated lowlands with dry climate. These 
preliminary findings need confirmation by active surveillance in these areas.

Rickettsial diseases have emerged as one of the major public health threat to the mankind. The agents causing 
these infections belong to the Order Rickettsiales which comprises of the family Anaplasmataceae and Rickettsi-
aceae. Of these rickettsioses are caused by bacteria belonging to the genus Rickettsia, while scrub typhus is due 
to Orientia spp.1 and Q Fever by genera Coxiella2. The aforementioned rickettsial infections are vector borne 
zoonotic diseases caused by various group of obligate intracellular  bacteria3 transmitted to humans through 
the bite of infected ticks, mites, fleas and  lice4. In contrast, Q Fever occurs most often due to inhalation of the 
infected particles from infected  mammals5. Rickettsioses are very challenging to diagnose and has a high fatal-
ity rate of 9–70% among the untreated  patients6–10 and are a global public health  threat6,11,12. Scrub typhus, 
once thought to be endemic only in the “tsutsugamushi triangle”, is now being reported from places like Africa, 
France, Middle East, South America. This is a clear indication that scrub typhus is no longer restricted to the 
“tsutsugamushi triangle”9.

The sero-prevalence of scrub typhus (ST), spotted fever (SF), murine typhus (MT) and Q Fever (QF) in Bhu-
tan was 22.6%, 15.7%, 3.5% and 6.9% in  201713. In Northeast India, the sero-prevalence was found to be 30.8% 
for ST, 13.8% for SF and 4.2% for  MT14. The sero-prevalence of ST, SF and MT in South-India was found to be 
20.4%, 10.4%, and 5.4%  respectively15. Not many studies have been performed to determine the sero-prevalence 
of Q Fever among humans in  India16,17.

Sero-prevalence of Scrub typhus was found high during the winter and rainy season in  Nilgiris18 and 
 Mizoram19. Scrub typhus is common in  plains15 and spotted fever is more prevalent in the hilly  regions20. The 
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geographic variations like change of altitude, temperature, rainfall, humidity and the effects of the same on 
the prevalence of murine typhus and Q fever still remain unexplored. In this study we have conducted a sero-
prevalence study across different terrains for better understanding the role of geography on the occurrence of 
rickettsial infections and Q fever.

Methodology
Study type and study setting. A community based cross-sectional study was undertaken in 5 districts of 
North Tamil Nadu namely Erode, Nilgiris, Salem, Tiruvannamalai and Vellore from September 2017 to January 
2020. These five districts of Tamil Nadu vary geographically across and within themselves.

The major occupation of people in all 5 districts is agriculture with paddy being the major crop grown in 
Erode and Vellore, millets and other cereals in Salem, Tiruvannamalai and tea plantation in Nilgiris district. 
Erode district has the least forest cover with 14.25%, followed by Salem, Tiruvannamalai and Vellore with 22%, 
24.20% and 27.94% respectively. On the contrary, Nilgiris has the maximum forest coverage with 56% of forest 
in the entire district. In terms of climatic zones, Nilgiris falls in temperate climatic zone and tropical climate is 
seen in Salem, Tiruvannamalai, Erode and Vellore (https:// www. tn. gov. in/ deptst/ agric ulture. pdf)21.

Vellore is densely populated with 648 people per  km2. followed by Salem, Tiruvannamalai and Erode with 
573, 399 and 391 respectively. Nilgiris is the sparsely populated district with only 289 people per  km2 (https:// 
censu sindia. gov. in/ 2011c ensus/ dchb/ Tamil nadu. html)22.

The five surveyed districts were divided further into 8 areas for analysis (Erode, Nilgiris, Jawadhi, Kalrayan, 
Palamathi, Tiruvannamalai and Vellore). This is to distinguish the geographical differences that exist even within 
the selected district itself. The district of Salem was divided into Salem plain and the Kalrayan hills which is 
located 600–1100 m above the sea level. Tiruvannamalai district was divided into plains of Tiruvannamalai and 
Jawadhi hills (only the part which is in Tiruvannamalai district). Vellore was divided into Vellore plains, Jawadhi 
hills (part of Vellore district) and Palamathi hills which have an elevation 600–1000 m and 300–600 m above 
the sea level respectively (https:// en- ca. topog raphic- map. com/ maps/ lggf/ Tamil- Nadu/)23. Table 1 describes the 
average elevation of the study areas.

Sample size. Assuming a sero-prevalence (p) of rickettsioses of 25% among the 12.8 million population 
according to the 2011 census of the 5 districts surveyed (https:// www. censu s2011. co. in/ census/ state/ distr ictli st/ 
tamil+ nadu. html)24. The precision was set at 3% and the sample size was calculated for a 95% confidence inter-
val and a 5% of margin of error. Using a design effect of 3, the calculated sample size was 2399 for the study as 
calculated by the OpenEpi  Software25.

Sampling technique. The study included 86 clusters which were selected from the 5 districts according to 
the feasibility of the investigator in terms of obtaining permission from the local body, people consenting and 
accessibility of the locality. In each cluster, 30 households were selected by using systematic sampling technique. 
The sampling interval was determined by the number of households (https:// www. censu s2011. co. in/ census/ 
state/ distr ictli st/ tamil+ nadu. html)24 in that particular locality/village and dividing it by 30. The base point of the 
survey was started from the south-east end of each village/locality moving Northwards in an east–west pattern 
(zig-zag manner). In case of locked house or denied consent, the very next house was surveyed to complete the 
sample size. One participant from each household was randomly selected to participate in the study. Selected 
subjects were residents who had stayed continuously in the locality for ≥ 2 years, who reported no history of 
fever for the past three months, > 15 years of age of either sex were included. Participants who were not willing to 
participate in the study, who were immunosuppressed or had fever at the time of serum sampling were excluded. 
Informed consent was obtained from participants or their legal guardians prior to recruitment into the study.

Socio-demographic data and 4 ml blood was collected in BD Vacutainer Clot Activator Tube (BD, Plymouth, 
UK) from all the study participants. The serum was separated by centrifugation and tested for detection of IgG 
antibodies to Scrub Typhus, Spotted fever, Murine Typhus and Q fever at a dilution of 1:100. IgG antibodies to O. 
tsutsugamushi were detected using the Scrub Typhus Detect IgG ELISA system (InBios International Inc., Seat-
tle, WA). While IgG antibodies to murine typhus and spotted fever were detected by R. typhi IgG ELISA (Fuller 

Table 1.  Climate variables and sero-prevalence of rickettsial and Q fever in the study areas. a Of the areas 
where sero-surveillance was conducted in this study. b Data for 2017 (Jan–Dec).

Regions surveyed
Average elevation 
(range) in  metresa Rainfall (cm)b

Max temp in °C 
(range)b

Min temp in °C 
(range)b Humidity % (range)b ST (%) SF (%) MT (%) QF (%)

Jawadhi 598 (500–773) 99 34.1 (30–39) 24.3 (21–27) 71 (61–82) 14.6 20.5 0 1

Palamathi 285 (230–413) 99 34.1 (30–39) 24.3 (21–27) 71 (61–82) 12.3 6.8 0 0.7

Kalrayan 795 (673–982) 100 29.8 (26.2–34) 20.4 (16.8–23.1) 64 (45–75) 16 29.9 2.4 11.5

Nilgiris 2046 (1933–2229) 151 21 (19.7–23.4) 13.2 (10.6–15) 75 (57–85) 2 5.2 2 4.3

Salem 251 (153–309) 70 35.1 (30–39) 24.2 (21–27) 66 (57–79) 10.5 1.7 0.6 11.6

Vellore 217 (206–246) 94 32.4 (27.2–37.4) 22.2 (16.9–26.2) 63 (52–77) 21 5.2 2.4 6.7

Tiruvannamalai 180 (147–216) 81 32.9 (27.9–37.4) 22.9 (18–26.5) 63 (53–76) 26.4 8.2 13.4 1.7

Erode 207 (157–275) 80 32.8 (29.1–37.4) 22.8 (19.9–25.7) 61 (42–72) 2.2 0 2.2 6.7

https://www.tn.gov.in/deptst/agriculture.pdf
https://censusindia.gov.in/2011census/dchb/Tamilnadu.html
https://censusindia.gov.in/2011census/dchb/Tamilnadu.html
https://en-ca.topographic-map.com/maps/lggf/Tamil-Nadu/
https://www.census2011.co.in/census/state/districtlist/tamil+nadu.html
https://www.census2011.co.in/census/state/districtlist/tamil+nadu.html
https://www.census2011.co.in/census/state/districtlist/tamil+nadu.html
https://www.census2011.co.in/census/state/districtlist/tamil+nadu.html
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Laboratory, Fullerton, CA) and the Rickettsia conorii ELISA IgG/IgM (Vircell, Granada, Spain). As described 
previously, a serum sample was considered to be positive if the OD was ≥ 1.5 for any of these infections. This 
was based on the bimodal peak observed in earlier scrub typhus IgG ELISA studies, which was extrapolated to 
spotted fever and murine  typhus15. Q Fever Phase 2 IgG antibodies were detected using the NovaLisa Coxiella 
burnetii (Q-fever) Phase 2 IgG ELISA (NovaTec Immundiagnostica GmbH, Dietzenbach, Germany). All the 
assays were performed with appropriate controls on an automated ELISA workstation (Euroimmun Analyzer I, 
Euroimmun AG, Lubeck, Germany). The OD cut-off for Q Fever was set at 0.6 and above since the mean plus 2 
SD was just above 0.6 (Data not shown). The outcome of the study is the prevalence of sero-positivity of Scrub 
Typhus, Spotted fever, Murine typhus and Q Fever and its association with various geographic factors. IgG ELISA 
was chosen to define exposure as IgG antibodies persist for a long time and indicate past exposure, automated 
ELISA was used as we screened large number of samples for 4 different agents. The methods performed to assess 
the various parameters, conformed to relevant guidelines and regulations (laboratory is ISO15189:2012 compli-
ant and accredited). The exposure variables that were measured in this study are age, gender, place of residence 
(urban/rural), elevation of the area, presence of peri-forest and the locality. Elevation profile of each locality was 
obtained from Bharat Maps (https:// bhara tmaps. gov. in/ newve rsion/ map. aspx)26. The average, minimum and 
maximum temperatures, humidity and rainfall were captured from Time and Date website (https:// www. timea 
nddate. com/)27. These are as given in Table 1.

Statistical methods. The data was entered using Epidata 3.1 version (Jens M. Lauritsen, Odense, Den-
mark) and analyzed using IBM SPSS Statistics for Windows, Version 21.0 (IBM Corp, Armonk, NY, USA). 
The continuous variables are expressed in mean and standard deviation (SD) for normal distribution, median 
and inter-quartile range (IQR) for skewed distribution. The categorical variables are expressed in frequencies 
and percentages. The association between the categorical variables is analyzed using Chi-Square test and the 
unadjusted odds ratio (OR) was reported as the strength of association with 95% Confidence Interval (95% CI). 
Logistic regression statistics was done to adjust for confounders and adjusted odds ratio (AOR) was presented 
with 95% CI. The level of significance of p value was set at < 0.05.

The study protocol was approved by the Institutional Review Board (IRB) and Ethics committee of the Chris-
tian Medical College, Vellore, India (vide IRB Min. No. 9369 dated 25th March 2015). The study was conducted 
as per the norms prescribed in the Declaration of Helsinki.

Ethics approval statement. The study was approved by the institutional review board (IRB) and ethics 
committee (EC) of the Christian Medical College, Vellore, India (vide IRB Min. No. 9369 dated 25th March2015).

Results
Demographic characteristics. The total number of participants recruited for the study was 2565 from 86 
localities/villages of the 5 districts surveyed. Out of all study participants 60% were female, 31.5% belongs to the 
age group of 31–45 years. The people living in peri-forested area are 43.2% and 69.1% of the population are liv-
ing in the rural area. Participants from plains of Vellore were the largest group (Table 2). Proportion of positivity 
with relation to samples tested are given in Supplementary Datasets 1 and 2.

Table 2.  Demographic features of study subjects.

(n = 2565) Frequency Percentage

Sex
Male 1025 40

Female 1540 60

Age group

16–30 years 641 25

31–45 years 807 31.5

46–60 years 692 27

 > 60 years 425 16.6

Place of residence
Urban 793 30.9

Rural 1772 69.1

Peri-forested
Yes 1108 43.2

No 1457 56.8

Survey areas

Erode 406 15.8

Jawadhi Hills 205 8

Nilgiris 345 13.5

Palamathi Hills 146 5.7

Kalrayan Hills 331 12.9

Salem 181 7.1

Tiruvannamalai 417 16.3

Vellore 534 20.8

https://bharatmaps.gov.in/newversion/map.aspx
https://www.timeanddate.com/
https://www.timeanddate.com/
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Sero‑prevalence of rickettsial and Q fever. The sero-prevalence of scrub typhus, spotted fever, murine 
typhus and Q fever in the eight regions surveyed is as given in Table 1.

The overall sero-prevalence for any one of the Rickettsial infection in the study population is 22.4%. The 
proportion of people sero-positive for any 2 rickettsial infection is 4.4%, and 0.5% for any 3 and 0.04% for all 4 
rickettsial infections. Overall positivity including single and multiple rickettsial infection is 27.3%. Details are 
as show in the Fig. 1.

The highest prevalence of ST was seen in plains of Tiruvannamalai and plains of Vellore with 26.4% and 
21% respectively and the lowest prevalence was seen in Nilgiris and Erode with 2% and 2.2% respectively. SF 
was high in Kalrayan hills and Jawadhi hills with a sero-prevalence of 29.9% and 20.5% respectively and low 
in plains of Salem with 1.7%. There was no case of SF in Erode. High prevalence of MT was observed in plains 
of Tiruvannamalai with 13.4% and low in plains of Salem with 0.6%. There was no case of MT in Jawadhi hills. 
Plains of Salem reports a high prevalence of QF with 11.6% of sero-prevalence and the lowest prevalence of 0.7% 
was observed in Palamathi hills (Supplementary Datasets 3 and 4).

Univariate analysis. Details of the parameters used for univariate analysis and the results obtained are as 
given in Supplementary Dataset 4. Univariate analysis suggested females were more likely to be sero-positive for 
ST and MT, whereas such trend was not observed with SF and QF. The significantly associated risk factors of 
ST and SF in univariate analysis were age and residing at rural areas (refer Suppl Dataset 4). Age proved to be a 
strong associated risk factor for sero-positivity of ST with a significant increase in risk for all aged above 30 years. 
People residing at rural and non peri-forested areas had an increased association with ST when compared to 
people living in urban and peri-forested areas. Plains of Tiruvannamalai and Vellore found to be the hotspots of 
Scrub Typhus with a significantly increased risk when compared to the other survey areas. For SF, the risk factors 
which were significantly associated were people aged 46–60 years, living in rural and peri-forested areas. When 
compared to plains of Salem, people living in Jawadhi, Palamathi, Kalrayan and plains of Tiruvannamalai were 
at high risk for SF. People from areas which are not peri-forested areas and plains of Tiruvannamalai were the 
only significantly associated risk factors for MT when compared to peri-forested areas and plains of Salem. For 
Q fever, people aged 31–45 years and > 60 years are at high risk in univariate analysis. Compared to the Palamathi 
hills, people living in Kalrayan, plains of Salem, Erode and plains of Vellore were at high risk for Q Fever (refer 
Suppl Dataset 4).

Multivariate analysis. Gender, age group, place of residence, peri-forest and survey areas were found to be 
significant by univariate analysis for one or more of the four infections studied. Table 2 depicts the multivariate 
analysis results. In multivariate analysis, females were found to be significantly associated with MT (AOR: 2.09, 
1.26–3.46). The associated risk of age for ST has increased significantly as the age of the participants increased 
from 26 to above 65 years. In contrast, the people aged from 46 to 65 years had a significant increase in the 
association of SF. Age had no bearing for Q Fever risk whereas significant risk for murine typhus was observed 
among those aged 46–55 years (AOR: 2.70, 1.15–6.33) and above 65 years (AOR: 3.27, 1.18–9.06). The people 
residing in rural areas had a significant associated risk of being sero-positive for ST (AOR: 2.39, 1.73–3.30), SF 
(AOR: 2.46, 1.41–4.31) and MT (AOR: 1.77, 1.07–2.91) when compared to people residing in urban areas. When 
compared to Nilgiris, all the other survey areas had increased odds of being sero-positive for Scrub typhus except 
Erode with the maximum risk for people residing in plains of Tiruvannamalai (AOR: 24.10, 9.97–58.27). People 
residing in Kalrayan hills had a high risk of being sero-positive for SF, when compared to plains of Salem. The 
other survey areas which had significant association with SF are Jawadhi and plains of Tiruvannamalai. For Q 

Figure 1.  Sero-prevalence of rickettsioses in the regions studied.
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Fever, the highest risk was found in Kalrayan hills (AOR 12.51, 2.98–52.56), while. plains of Tiruvannamalai 
(AOR: 26.94, 3.63–200.23) had a significant association with the sero-positivity for MT when compared to other 
areas (Table 3).

The elevation (in metres), total rainfall (in cm), temperature (in °C), Humidity (in %) and sero-prevalence of 
the four rickettsial infections in percentage with range in parenthesis as applicable is given Table 1. Figure 2A–D 
give the sero-prevalence of scrub typhus (ST), spotted fever (SF), murine typhus (MT) and Q fever (QF) across 
the 8 regions and their relation to temperature, humidity, rainfall and elevation.

Discussion
This study aimed to find the out the sero-prevalence of ST, SF, MT, QF and its variation across various geo-
graphical areas of Northern Tamil Nadu. ST was found to be the most common of all the rickettsial infections 
observed in this study.

The overall sero-prevalence of rickettsioses (ST, SF, MT and Q Fever) was 32.5%, this is lower than the 
48.7% reported by Tshokey et al.13 in Bhutan for these infections. In 4.76% of our subjects we observed sero-
prevalence for two or more infections, whereas Tshokey et al. 2017 reported a rather high 11.15% using 
 immunofluorescence13. In a study, performed on 99 North Korean refugees, Um et al., reported that 2% of the 
samples were positive for all three diseases tested, scrub typhus, spotted fever and murine typhus, while 8.1% 
were positive for both SF and  MT28. This could be due to cross reactions or co-infections or past exposure as the 
risk factors for acquisition of these diseases are the  same29.

The observed sero-prevalence of ST and SF in this study is less than the sero-prevalence reported in Bhutan 
(ST—22.6%, SF—15.7%) by Tshokey et al. in  201713 and in Northeast India (ST—30.8% and SF—13.8%) by Khan 
et al. in  201614. On the contrary, the finding of this study for MT was found to be almost similar to the sero-
prevalence reported in Bhutan (MT—3.5%)13, Spain (MT—3.8%) in  200630 and in Northeast India (MT—4.2%) in 

Table 3.  Risk factors for rickettsial infection. Significant values are in bold.

Risk factors (n = 2565)

Scrub typhus Spotted fever Q fever Murine typhus

AOR (95% CI) p value AOR (95% CI) p value AOR (95% CI) p value
AOR (95% 
CI) p value

Sex
Male Reference

Female 1.06 
(0.82–1.36) 0.655 0.82 

(0.61–1.10) 0.192 0.83 
(0.58–1.18) 0.295 2.09 

(1.26–3.46) 0.004

Age group 
(years)

15–25 Reference

26–35 1.16 
(0.70–1.92) 0.567 1.67 

(0.95–2.92) 0.073 1.23 
(0.62–2.45) 0.547 2.19 

(0.94–5.11) 0.070

36–45 2.55 
(1.60–4.08)  < 0.001 1.39 

(0.78–2.47) 0.263 1.74 
(0.92–3.30) 0.089 1.94 

(0.82–4.57) 0.131

46–55 2.89 
(1.78–4.67)  < 0.001 2.39 

(1.37–4.19) 0.002 1.24 
(0.62–2.49) 0.544 2.70 

(1.15–6.33) 0.023

56–65 3.88 
(2.40–6.30)  < 0.001 2.10 

(1.18–3.73) 0.012 1.55 
(0.79–3.07) 0.204 1.37 

(0.53–3.55) 0.523

 > 65 years 3.39 
(1.93–5.95)  < 0.001 1.92 

(0.95–3.87) 0.068 2.03 
(0.98–4.22) 0.058 3.27 

(1.18–9.06) 0.023

Place of resi-
dence

Rural 2.39 
(1.73–3.30)  < 0.001 2.46 

(1.41–4.31) 0.002 Reference 1.77 
(1.07–2.91) 0.026

Urban Reference 1.38 
(0.86–2.21) 0.179 Reference

Peri-forested
No 1.39 

(0.90–2.13) 0.134 Reference 1.63 
(0.66–4.00) 0.292 1.47 

(0.59–3.64) 0.406

Yes Reference 0.71 
(0.35–1.43) 0.336 Reference

Area surveyed

Erode 1.13 
(0.39–3.28) 0.830 NA NA 3.59 (0.68–

19.01) 0.132 3.72 (0.46–
30.25) 0.218

Jawadhi 10.38 
(4.43–24.29)  < 0.001 10.85 

(2.65–44.48) 0.001 Reference NA NA

Kalrayan 9.62 (4.28–
21.59)  < 0.001 16.90 

(4.21–67.86)  < 0.001 12.51 
(2.98–52.56) 0.001 4.59 (0.47–

44.94) 0.191

Palamathi 6.11 (2.36–
15.82)  < 0.001 2.39 

(0.60–9.49) 0.218 0.47 
(0.04–5.70) 0.551 NA NA

Nilgiris Reference 2.24 
(0.53–9.49) 0.274 4.18 (0.94–

18.57) 0.060 3.71 (0.37–
36.77) 0.263

Salem 8.69 (3.21–
23.55)  < 0.001 Reference 5.60 (1.01–

31.10) 0.049 Reference

TVmalai 24.10 
(9.97–58.27)  < 0.001 3.97 (1.16–

13.52) 0.028 0.93 
(0.16–5.56) 0.935 26.94 (3.63–

200.23) 0.001

Vellore 15.11 
(6.46–35.34)  < 0.001 2.31 

(0.66–8.01) 0.189 4.12 (0.81–
20.89) 0.088 3.78 (0.48–

29.90) 0.207
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 201614. The sero-prevalence of Q Fever is slightly lower than the reported sero-prevalence in Bhutan (QF—6.9%) 
by Tshokey et al.13 and in Sao Tome Island (QF—6.7%) by Hsi et al.31.
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Figure 2.  Geographic variables and prevalence of rickettsioses in North Tamil Nadu (A) Rainfall per annum in 
cm. (B) Average daily humidity in percent. (C) Mean average daily temperature in celsius. (D) Mean elevation in 
metres.
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There was no influence of gender found in ST, SF and QF in this study which is in-line with other studies 
conducted in  China32 for ST, Londono et al.33 in 2016 for SF and Mostafavi et al.34 for Q Fever in 2018. Females 
were found to be more likely to be sero-positive for murine typhus (MT) in our study, which is in contrast with 
other studies which report no significant association of gender and MT in  Peru35 and  Korea36.

Age was found to be an important risk factor for ST, SF and MT, with the increase of age there was an increased 
risk for ST and SF in our study. The same trend was reported in Vientiane  city37,  Bhutan13 for ST and for SF in 
 Gorakhpur38 and  Greece39 and in Brazil by da Costa et al40. An increasing trend for Q fever sero-prevalence was 
observed in the age group of 26 years to above 65 years of age which is in-line with the observations of Dupont 
et al. in  France41. From, Minas Gerais, Brazil, da Costa et al., reported that age > 40 years correlated with increased 
Q fever sero-prevalence40. In this study, age was significantly associated with MT which is in consonance with 
the study done in Peru where the age was found to be a significantly associated with the sero-positivity of  MT35.

We observed a higher sero-prevalence of ST in rural areas (15.3%) and lower in urban areas (10.8%). A 
similar pattern was reported by Vikram et al. in 2020 with the sero-prevalence of 25% among rural and 18.1% 
among urban  population42. Residing in the rural areas was found to be a potential risk factor for spotted fever 
and murine typhus as for scrub typhus in this study. The same was observed for ST in Rajasthan by Bithu et al. 
in  201443, Daniel et al.39 for SF in Greece, Forshey et al. in Peru in  201035 and Sri Lanka in  201229 and for MT 
by Chang et al. 2018 in  Korea36 and by Hidalgo et al. in  Colombia44. Weitzel et al. observed that those residing 
in rural areas in Chile, had a higher sero-prevalence of scrub typhus, murine typhus and spotted  fever45. It is 
to be noted that residents of urban areas where more likely to be QF positive in univariate analysis, but not in 
multivariate analysis, in the present study.

In South America, murine typhus sero-prevalence of around 1% has been reported from Argentina, Peru, 
Brazil and Chile, whereas a high prevalence of 25.2% has been documented from Caldas, Colombia. SFGR 
prevalence ranging from 5% in Chile, 6–14% in Peru and 28% from Argentina has been  reported45.

The sero-prevalence of all rickettsial infections including Q Fever differs significantly across various surveyed 
area in this study. A similar trend was observed for ST and SF in  Bhutan13, for SF in  Greece39 and Reunion 
 island46, for MT in  Korea36 in Reunion  island46 and QF in  Jordan47. ST is the common rickettsial infection 
observed in the plains of Vellore and Tiruvannamalai and uncommon in hilly Nilgiris and well irrigated intensely 
cultivated lands of Erode. Philip et al.18 reported that only 6.07% had significant IgM antibodies for ST amongst 
the 214 AFI cases tested in the Nilgiris. This might be due to the unfavorable environmental conditions, like 
low temperature and high altitude conditions for the mite to  survive13. Wangramsimakul et al. have opined that 
scrub typhus incidence was lower in areas under intense cultivation due to availability of irrigation  facilities48. 
A meta-anlysis by Shah et al., demonstrated that vector borne illnesses like scrub typhus were far more likely to 
occur in areas with abundant rubber and palm oil plantations rather than irrigated rice  paddies49. This is consist-
ent with our finding of low frequency of rickettsioses in Erode which has large areas of well irrigated intensively 
cultivated cropland. Further as scrub typhus is a chigger borne illness, chigger activity which is closely related to 
temperature and humidity and rainfall will also play a major role in sero-prevalence of this  disease50,51.

SF seems to be more common among the hilly areas with elevation below 1000 MSL like Kalrayan and 
Jawadhi hills. This is supported by our preliminary results published in  202015 and Kularatne et al. in 2012 in 
Sri  Lanka29 who demonstrated that SF was more prevalent in the hill regions compared to the plains. A trend 
towards increased prevalence of ST in non-peri-forested areas and SF in peri-forested areas was observed. This 
is inferred as the univariate analysis suggested significant association whereas multivariate analysis was not 
significant. Nilgiris had the lowest sero-prevalence of ST which is explained by the fact this area had the lowest 
temperature, highest rainfall and highest elevation.

In summary, this is the first sero-prevalence study conducted in 5 different districts with different geography 
(Ecology). We used ELISA for determining IgG antibodies to scrub typhus, spotted fever, murine typhus and 
Q fever, whereas the preferred assay to detect exposure to these diseases is the  IFA52,53. Further, samples from 
subjects staying at elevation between 1000 and 2000 MSL could not be performed.

Active sero-surveillance in the same and similar areas from different regions of India are needed validate the 
findings of this study and provide more information about the disease epidemiology. In addition, vector studies 
will also provide valuable information about vector-host dynamics and their correlation with ecological factors.

Data availability
The data generated and analyzed during the current study can be obtained on reasonable request from the cor-
responding author.
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