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Background: Detection of specific targets by PCR is used to confirm a diagnosis of spotted fever, but
serological tests are still widely used. In this prospective study, nested PCR was performed on skin biopsy
specimens to confirm the diagnosis of spotted fever.
Methods: In 58 clinically suspected cases of spotted fever, nested PCR, to detect gltA, 17 kDa lipoprotein
antigen gene (17 kDa), ompA and ompB, from skin biopsy of the rash was performed. Sequencing was
carried on amplicons representing the four targets to confirm specificity of amplification. This was followed
by phylogenetic analysis using MEGA version 4.0 software.
Results: The gltA, 17 kDa, ompA, and ompB genes were detected from skin biopsy specimens in 38, 23,
27, and 22 individuals. Sequence analysis revealed that the gltA, 17 kDa, ompA, and ompB sequences
belonged to spotted fever group (SFG) rickettsia. Of the six partial ompA gene sequences, only one was
dissimilar to the previously reported ‘Candidatus Rickettsia kellyi’.
Conclusion: Further evidence indicates that SFG rickettsiae resembling ‘Candidatus Rickettsia kellyi’ cause
fever and rash in southern India. More detailed phylogenetic analysis following isolation of rickettsia in
culture is required for providing irrefutable proof for the occurrence of novel spotted fever rickettsiae in this
region.
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Introduction
Rickettsial infections are re-emerging and a number

of cases have been reported from different parts of

India.1,2 These infections are caused by obligate

intracellular parasites of the genus Rickettsia, which

includes those responsible for spotted fever and

typhus fever, having a predilection for vascular

endothelium.3 The clinical features of rickettsioses

consist of fever, a macular or maculopapular rash

often involving the palms and soles, and sometimes

an eschar. According to the CDC, the case definition

of confirmed spotted fever rickettsiosis includes both

clinical evidence and specific laboratory confirma-

tion. The latter could be either detection of specific

DNA by PCR, antigen by immunohistochemistry,

demonstration of the organism in cell culture, or a

fourfold rise in IgG antibody titres on paired samples

taken 2–4 weeks apart.4 The five genes usually

targeted by PCR for detection and diagnosis are

citrate synthase (gltA), gene D (sca4), the 17 kDa

lipoprotein precursor antigen gene (17 kDa), and

genes for outer membrane proteins A and B (ompA

and ompB).5

Detection of the gltA gene confirms that the

amplicon belongs to the rickettsial genus which

includes the typhus group (TG) and the spotted fever

group rickettsia (SFGR).5–7 The molecular amplifica-

tion of ompA gene is conclusive evidence for SFGR,

whereas the 17 kDa gene and ompB gene found in the

TG and SFGR can be used to confirm the presence of

SFGR depending on the primer sequence used.5,8–11

The taxonomical position of a rickettsial sequence

amplified by PCR can be ascertained up to the level

of genus, group, and species using the algorithm

described by Fournier et al..12 If the putative

sequence is showing a homology for the 16 rRNA

(rrs) and gltA of >98.1 and >86.5%, then it is said to
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belong to the genus Rickettsia. It is classified as a

member of the SFGR if the ompA gene is amplified.

In the absence of amplification of the ompA gene, the

sequence should demonstrate a sequence similarity

in two of the four criteria described. They are a

sequence homology of >98.8%, >92.7%, >85.8%,

and >82.2% for the rrs, gltA, ompB, and gene D with

any one SFGR. If a similarity of ,99.9%, ,98.8%,

,99.2%, and ,99.3% for the gltA, ompA, and ompB

genes and gene D is observed, then that isolate can be

classified as a novel rickettsial species.12 This of

course needs to be validated by subsequent isolation

of the organism in culture and full elucidation of all

biological properties including full gene sequences of

the aforementioned genes found in this isolate.

This study was undertaken to detect spotted fever

group rickettsial DNA by PCR in skin biopsies of

rashes among individuals with clinically suspected

spotted fever. We amplified four targets, one of which

identified the isolate to genus level (gltA for genus

Rickettsia) and the other three (17 kDa, ompA, and

ompB) identified the PCR product as belonging to the

SFGR.

Materials and Methods
Between November 2006 and April 2008, 58 indivi-

duals above the age of 6 months with fever >99uF
and fever duration >5 and (15 days) with non-

confluent maculopapular, erythematous, or purpuric

rash, were enrolled into the study. All the subjects

were thoroughly examined by a dermatologist and

were recruited after clinically ruling out drug reac-

tions and viral exanthematous infections as described

below. Drug rash was excluded mainly by history of

rash with temporal relationship to a drug intake

within the past 6 weeks. Those with enanthems or

predominantly vesicular rash or desquamation were

excluded as also those with pruritic rash and urti-

caria. A skin biopsy from the rash (363 mm, punch

biopsy) was collected from all study participants after

informed consent was obtained. The skin biopsies

were placed in a sterile container and transported on

ice immediately to the laboratory where they were

stored at 270uC before DNA extraction. The study

was approved by the Ethics Committee and

Institutional Review Board of the Christian Medical

College, Vellore.

Nested PCR was performed to detect Rickettsia

genus-specific citrate synthase gene (gltA),6,7 in DNA

extracted from skin rash biopsies. Spotted fever

group (SFG)-specific DNA was detected by nested

PCR which amplified 17 kDa,8,9 ompA,10 and

ompB.11 The details of the primers used are given in

Table 1. Cross-contamination was avoided as the

DNA extraction, preparation of PCR master mix,

addition of DNA template, thermal cycling and

detection of the PCR product were performed in

separate rooms using dedicated labware. All samples

were considered to be PCR-positive only if the

required amplicon was detected twice.

Phylogenetic trees for gltA, 17 kDa (data not

shown), ompA (Fig. 1), and ompB (Fig. 2) were

constructed using the MEGA version 4.0 software

and the neighbour-joining method to infer the

evolutionary relatedness. Evolutionary distances were

computed using the Maximum Composite Likelihood

method and are in the units of the number of base

substitutions per site. All positions containing gaps

and missing data were eliminated from the dataset.13

Serum collected from the patients enrolled was

subjected to an ELISA for detection of IgM

antibodies to spotted fever ((PanBio Ltd, Brisbane,

Australia), and a value of >16 units was considered

as positive.

Results
None of our patients had eschars and 34 subjects

were children under the age of 6 years and con-

stituted the largest group (58.6%). The gltA, 17 kDa,

ompA, and ompB genes were detected in skin biopsies

Table 1 Sequences of primers used for detection of rickettsial DNA by nested PCR

Gene Target detected Primers Primer sequence (59–39) Product size (bp)

gltA6.7 All rickettsiae (typhus group and SFGR) RpCS.877p GGGGACCTGCTCACGGCGG 381
RpCS.1258n ATTGCAAAAAGTACAGTGAACC
RpCS.896p GGCTAATGAAGCAGTGATAA 338
RpCS.1233n GCGACGGTATACCCATAGC

17 kDa8,9 All SFGR R17122 CAGAGTGCTATGAACAAACAAGG …
R17500 CTTGCCATTGCCCATCAGGTTG
Tz 15 TTC TCA ATT CGG TAA GGG C 246
Tz 16 ATA TTG ACC AGT GCT ATT TC

ompA10 All SFGR except Rickettsia helvetica Rr190k.71p TGGCCAATATTTCTCCAAAA 650
Rr190k.720n TGCATTTGTATTACCTATTGT
Rr190 k.71p TGGCGAATATTTCTCCAAAA 532
Rr190k.602n AGTGCAGCATTCGCTCCCCCT

ompB11 All SFGR Rc.rompB.4362p GTCAGCGTTACTTCTTCGATGC 475
Rc.rompB.4836n CCGTACTCCATCTTAGCATCAG
Rc.rompB.4496p CCAATGGCAGGACTTAGCTACT 267
Rc.rompB.4762n AGGCTGGCTGATACACGGAGTAA
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from 38, 23, 27, and 22 patients, respectively

(Table 1). SFG-specific DNA was detected in 34

(58.6%) cases, confirming these as cases of spotted

fever rickettsiosis in accordance with the CDC case

definition. The results of the four nested PCR assays

are shown in Table 2. In 27 of these 34 patients,

spotted fever IgM ELISA was positive, with con-

cordance of 79.4%.

Although three amplicons each for the gltA and

17 kDa antigen genes were sequenced, only one for

each gene was submitted to GenBank (GQ260637

and GQ260636), as the three sequences for these

genes were found to be identical by ClustalW

multiple sequence alignment. As all the six ompA

and the eight ompB sequences were different, they

were deposited in the GenBank (ompA: HM587248-

53, ompB: JN209832-39).

The gltA gene sequence showed 99% similarity to

Rickettsia parkeri, Rickettsia africae, Rickettsia sibir-

ica and Rickettsia mongolotimonae, while the 17 kDa

gene amplified in this study demonstrated a 99%

similarity to Rickettsia japonica, Rickettsia honei,

Rickettsia rickettsii, and Rickettsia conorii. A 99%

similarity to Rickettsia spp. IG-1 and 98% similarity

to R. honei, R. conori, and R. mongolotimonae were

observed with ompB sequences. In contrast, five of

the six ompA sequences showed 98% similarity to

Candidatus Rickettsia kellyi, whereas one ompA

(HM587252) showed 100% similarity to R. parkeri,

98% R. sibirica, R. africae, and R. slovaca, but only

91% for Candidatus Rickettsia kellyi.

Our gltA sequence and the six ompA and eight

ompB sequences were closely related to the R.

rickettsii cluster of the SFG. The previously pub-

lished ‘Candidatus Rickettsia kellyi’ sequence13

showed close homology to five out of the six ompA

sequences elucidated in this study. The lone sequence

which was divergent was closely related to R. parkeri,

R. sibirica, and R. africae. These two clusters were

supported by high bootstrap values (Fig. 1), whereas

the gltA, 17 kDa (data not shown) and ompB

phylogenetic trees had lower bootstrap values

(Fig. 2) for the R. rickettsii cluster. The eight ompB

sequences all clustered together and are closely

related to SFG rickettsial strain IG-1 and R. honei.

Discussion
This is the first prospective study in which PCR has

been performed on a group of patients clinically

suspected to have spotted fever at a tertiary care

centre in India. Various reports in the recent past

point to the occurrence of spotted fever rickettsiosis

in India,1,2,14–16 suggesting that this disease needs to

be considered among the differential diagnosis in all

patients presenting with fever and rash.

Different gene targets have been used with varying

degrees of success for confirming the diagnosis of

spotted fever by PCR from blood clots,17,18

serum,7,11,19 skin biopsies,20 and eschars.21 Fournier

and Raoult20 reported that among 103 skin biopsies

from patients proven to have rickettsial infection,

‘suicide PCR’ was positive in 70 (68%), whereas

regular nested PCR and culture detected rickettsia in

43 (45.6%) and 32 (31%), respectively. In addition,

‘suicide PCR’ was also positive in skin biopsies from

17 of the 104 individuals with a probable diagnosis

of rickettsiosis. In our study, 34 (58.6%) of the 58

clinically suspected cases of spotted fever rickettsiosis

were confirmed by nested PCR.

According to the criteria proposed by Fournier

et al.,12 a novel SFGR should ideally show a sequence

similarity of ,99.8% and ,99.9%, for the 16S rRNA

(rrs) and gltA gene, and ,98.8%, ,99.2%, and

,99.3% for ompA, ompB, and gene D sequences,

with the most closely related validated species

described. Our gltA and partial ompA, and ompB

sequences are less similar to the most homologous

species, but sequence data are unavailable for other

commonly targeted genes such as rrs (16S rRNA

gene) and sca4 (gene D). In spite of this drawback,

the current sequence data further strengthen the

earlier observation that novel Rickettsia species may

be a cause of disease in this region.14 Further studies

to detect these agents from vector hosts, isolation of

the organism by culture both from humans and

vectors, and also determination of animal reservoirs,

especially potential rodent hosts, are required to

validate and extend these preliminary findings.

The current study provides further evidence for the

occurrence of SFG rickettsiae as important causes of

acute febrile illness with rash in southern India. The

available sequence data strengthen the assumption

that SFGR resembling ‘Candidatus Rickettsia kellyi’

is responsible for spotted fever in these patients.

In the future, paired serum samples will be required

to serologically confirm rickettsial infection using

micro-immunofluorescence. Owing to shortcomings

of nested PCR, we will explore the diagnostic utility

Table 2 Results of nested PCR assays among 58
patients with suspected SFG rickettsiosis

PCR result Total
Spotted

fever

All four PCR assays negative 20 Negative
All four PCR assays positive 15 Confirmed
Only gltA and ompA PCR positive 4 Confirmed
Only gltA and 17 kDa PCR positive 5 Confirmed
Only gltA, 17 kDa, and ompA PCR positive 3 Confirmed
Only gltA, ompA, and ompB PCR positive 5 Confirmed
Only gltA and ompB PCR positive 2 Confirmed
Only gltA PCR positive 4 Negative
Total 58
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Figure 1 Neighbour-joining dendrogram showing the relationships between six partial ompA sequences (represented by

CMCMICRO1–6) from the skin biopsies of the rash from Indian patients with suspected SFG rickettsiosis compared to a

spectrum of other Rickettsia species.
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Figure 2 Neighbour-joining dendrogram showing the relationships between eight partial ompB sequences (represented by

CMCMicro1–8) from the skin biopsies of the rash from Indian patients with suspected SFG rickettsiosis compared to a

spectrum of other Rickettsia species.
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of the highly sensitive and specific quantitative real-

time PCR assay as we previously described.22

In conclusion, this is the first prospective study

where specific nested PCRs to diagnose spotted fever

were performed in clinically suspected cases in a

tertiary care centre in India. Isolation of the organism

in culture followed by molecular enumeration of the

necessary genes is essential to provide irrefutable

taxonomic proof that a novel rickettsial species is the

causative agent of spotted fever rickettsiosis in this

part of India. However, these data strengthen the

concept of an expanding role for established and

novel SFG rickettsiae in the occurrence of febrile

disease in India and around the world.
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