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Abstract. A highly specific real-time polymerase chain reaction (PCR) assay was developed to detect spotted fever
and typhus group rickettsiae using the citrate synthase gene as the target. The assay amplified rickettsial members of the
spotted fever and typhus group including Rickettsia akari, R. australis, R. conorii, R. honei, “R. marmionii,” R. sibirica,
R. rickettsii, R. typhi, and R. prowazekii. The ancestral group rickettsia, R. bellii, did not produce a positive reaction, nor
did other members of the order Rickettsiales or any non-rickettsial bacteria. The assay had a sensitivity of one target
copy number per reaction as determined by serial dilutions of a plasmid containing a spotted fever group target
sequence. This quantitative assay is useful for the enumeration of rickettsiae in clinical specimens and the diagnosis of
rickettsial illnesses, when rickettsial numbers are very low.

INTRODUCTION

Rickettsia are obligate intracellular bacteria, usually patho-
genic to humans and closely related to mitochondria.1 There
are three biotypes of Rickettsia; the spotted fever group
(SFG) and typhus group (TG) and the ancestral group, con-
sisting solely of Rickettsia bellii, a rickettsia thought not to be
pathogenic to humans.2 Rickettsia are found worldwide and
are usually transmitted via an arthropod that is both its res-
ervoir and vector.3

The rapid diagnosis of a rickettsial illness is important for
appropriate antibiotic treatment to be given promptly. Tra-
ditionally, the diagnosis of a rickettsial illness has been based
on serological tests. Of the serological tests, the indirect mi-
croimmunofluorescence assay has been the most sensitive and
specific, but usually it is not positive when the patient is
acutely unwell.4 Culture techniques can be used for diagnosis
and are very sensitive but can require up to 60 days to yield a
positive result, limiting their clinical usefulness.5

In the late 1980s, polymerase chain reaction (PCR) detec-
tion of rickettsial nucleic acid became available as a quick and
reliable method for the diagnosis of rickettsioses. The first of
these assays detected the rickettsial 17-kDa gene6 with later
tests detecting the rickettsial citrate synthase and ompA
genes.7 These assays, although specific for rickettsia, were not
very sensitive until nested procedures were introduced.8 Re-
cently, assays involving Orientia tsutsugamushi real-time
PCR,9 Anaplasma phagocytophilium and Borrelia burgdorferi
multiplex real-time PCR,10 and Rickettsia prowazekii and
Borrelia recurrentis real-time duplex PCR11 have been devel-
oped. They are highly sensitive and specific, with the potential
for quantifying DNA copy numbers.

In this manuscript, we describe a real-time assay based on
the rickettsial citrate synthase gene. This assay is both highly
specific and extremely sensitive for the diagnosis of rickettsi-
oses and can also be used to quantify rickettsial DNA copy
numbers.

MATERIALS AND METHODS

Rickettsial real-time PCR was performed using in-house
designed primers to the Rickettsia rickettsii citrate synthase
gene, gltA (GenBank accession no. U59729),12 using the
Primer Express program (Applied Biosystems, Foster City,
CA). The oligos designed amplified a 74 base pair fragment and
were designated CS-F (5�-TCG CAA ATG TTC ACG GTA
CTT T-3�) and CS-R (5�-TCG TGC ATT TCT TTC CAT TGT
G-3�) and the probe CS-P (5�-6-FAM-TGC AAT AGC AAG
AAC CGT AGG CTG GAT G-BHQ-1-3�) (Biosearch Tech-
nologies Inc., Novato, CA) corresponding to nucleotides 1126–
1147, 1199–1178, and 1149–1176, respectively. Tm values were
calculated to be 54.°C, 55.1°C, and 65.6°C for CS-F, CS-R, and
CS-P, respectively. This region is highly conserved with a ma-
jority of the SFG sequences completely homologous to the
primers and probes and has a maximum of 9 nucleotide sub-
stitutions, with the ancestral groups Rickettsia bellii (Table 1).

Each reaction contained 200 nM of each primer and probe,
2 × Platinum qPCR SuperMix-UDG Mastermix (Invitrogen,
Melbourne, Australia), 5 mM MgCl2, and extracted DNA to
a total reaction volume of 25 �L. The reactions were per-
formed and analyzed using the Rotor-Gene 3000 (Corbett
Research, Sydney, Australia) with a Rickettsia honei positive
control and a “no template control,” with an initial holding
temperature of 50°C for 3 minutes, followed by 95°C for 5
minutes and 60 cycles of 95°C for 20 seconds and 60°C for 40
seconds. Emission was monitored at the end of every 60°C
annealing step on a predetermined FAM channel. Positive
results were confirmed by repetition and by visualizing the
product on a 3% Tris acetate EDTA (TAE) agarose gel (Am-
resco, Solon, OH) stained with ethidium bromide (Sigma,
Sydney, Australia). Optimization was performed by perform-
ing varying concentrations of each primer and probe (50–400
nM) with variable concentrations of MgCl2 (0–15 mM). When
a R. honei DNA stock was tested, the primer/probe/MgCl2
combination with the lowest concentrations to achieve the
lowest Ct was considered to be optimal (concentrations pre-
viously stated).

A portion of the “Rickettsia marmionii” gltA was amplified
using the above protocol without probe. The resulting 74 base
pair fragment was ligated into a pCR 2.1 plasmid (ligated
plasmid size; 4,003 base pairs) and subsequently cloned into
One Shot Top10 chemically competent Escherichia coli with a
TA Cloning kit (Invitrogen, Australia) using the manufactur-
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er’s instructions. Transformed E. coli were grown overnight in
a shaking water bath at 37°C in Luria Bertani broth (Oxoid,
Hampshire, England) supplemented with ampicillin (CSL,
Melbourne, Australia). The E. coli were pelleted and had
plasmids extracted and purified with the FastPlasmid Mini kit
(Eppendorf, Hamburg, Germany) using the manufacturer’s
instructions. Five microliters of purified plasmid solution was
diluted (1:100) and the DNA quantified in a scanning spec-
trophotometer.13 A theoretical number of plasmid copies and
reaction efficiency were calculated and serial 10-fold dilutions
of the plasmid solution made. Duplicates of each serial dilu-
tion underwent real-time PCR. Results enabled the sensitivity
and efficiency of the assay to be determined.

DNA was extracted from cell cultures of members of the
order Rickettsiales (Anaplasma phagocytophilium, Bartonella
bacilliformis, B. henselae, B. vinsonii, Ehrlichia chaffeenisis,
Orientia tsutsugamushi, Rickettsia akari, R. australis, R.
conorii, R. honei, “R. marmionii,” R. prowazekii, R. rickettsii,
R. siberica, R. typhi, and R. bellii) and other medically impor-
tant bacteria (Escherichia coli, Enterococcus faecalis, Coxiella
burnetii, Haemophilus influenzae, Klebsiella oxytoca, Kleb-
siella pneumoniae, Legionella pneumophilia, Pseudomonas
aeruginosa, Proteus mirabilis, Proteus vulgaris, Staphylococ-
cus aureus, Staphylococcus saprophyticus, and Streptococcus
pneumoniae) with a DNA extraction kit (Gentra, Minneapo-
lis, MN) using the manufacturer’s instructions. A real-time
PCR was conducted on each specimen to determine the speci-
ficity of the assay. A conventional 16S rRNA PCR was used
to determine the presence of bacterial DNA.14 All reactions
that involved testing the specificity and sensitivity of this as-
say were also spiked with human DNA.

RESULTS

Initial real-time PCR performed on a R. honei positive con-
trol produced a positive result. An amplicon of 74 base pairs
was confirmed by gel analysis. The “no template control”
reaction was negative.

The sensitivity of the assay (determined by performing
real-time PCR reactions on plasmid DNA solutions ranging
from 1 × 10° to 1 × 1011 copies per reaction) was shown to be
1 copy of the SFG gltA target. The Ct value of each reaction
varied from 6 for 1 × 1011 SFG gltA copies per reaction, to a

Ct value of 35 for 1 × 10° SFG gltA copies per reaction. The
reaction efficiency, as calculated by the real-time PCR analy-
sis software, was 128% due to the unproportional digestion of
the probe compared with the amplicon produced.

All tested species of the SFG and TG including R. akari, R.
australis, R. conorii, R. honei, “R. marmionii,” R. prowazekii,
R. rickettsii, R. siberica, and R. typhi produced a positive real-
time PCR result with the exception of R. bellii, an ancestral
group Rickettsia. All other members of the Rickettsiales and
medically important bacteria tested were real-time negative.
All bacteria tested produced a positive result for the conven-
tional 16S rRNA PCR. All PCR reactions that were spiked
with human DNA had no effect on the sensitivity or specific-
ity of the assay.

DISCUSSION

The rapid diagnosis of rickettsial disease is crucial for ef-
fective treatment of the illness. This new assay is highly spe-
cific for members of the genus Rickettsia, with the exception
of the ancestral R. bellii. It produces negative results for all
other bacteria tested including O. tsutsugamushi, also of the
tribe Rickettsieae. The assay amplified all tested species of
the SFG and TG. Conventional 16S rRNA PCR confirmed
the presence of prokaryotic DNA in all negative assays. The
assay is very sensitive and capable of detecting 1 SFG rick-
ettsia per PCR reaction. This is very important, as the con-
centration of rickettsia in a rickettsiemic patient may be very
low.15

The citrate synthase gene, gltA, is a highly conserved gene
among the genus Rickettsia.12 The highly conserved nature of
the gltA gene makes it an ideal target for real-time PCR. The
section of the genome that the probe and primers span is
relatively homogeneous in the genus Rickettsia. The number
of substitutions in this section of the gltA gene varies from 0
in most SFG rickettsiae to 4 in the TG. Nine substitutions in
the ancestral group’s sequence (Table 1) probably explains
why the assay does not detect R. bellii. Although individual
sensitivity assays were not performed for many of the rick-
ettsial species tested, including the TG, it may be assumed
that the assay will amplify, with similarly high sensitivities,
SFG/TG rickettsiae (except R. bellii), due to the highly con-
served nature of this region of the gene (Table 1). An excep-

TABLE 1
Primers and probe used in this assay and their nucleotide substitutions when compared with rickettsial sequences

Name Biogroup Sequence (5�→3�)

Consensus TCGCAAATGTTCACGGTACTTTTTGCAATAGCAAGAACCGTAGGCTGGATGGCACAATGGAAAGAAATGCACGA
CS-F TCGCAAATGTTCACGGTACTTT
CS-R CACAATGGAAAGAAATGCACGA
CS-P TGCAATAGCAAGAACCGTAGGCTGGATG
Most SFG* SFG (No substitutions)
R. africae SFG T
R. aeschlimannii SFG A
R. heilongjiangensis SFG T
R. felis SFG T G
R. helvetica SFG C A G
R. prowazekii TG T T
R. typhi TG T T G
R. canadensis TG A A G G
R. bellii Ancestral C G A G C C A G T

* Including R. akari, R. australis, R. conorii, R. honei, “R. marmionii,” R. japonica, R. massiliae, R. montanensis, R. rhipicephali, R. rickettsii, R. sibirica, R. slovaca, and R. parkeri.
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tion may be R. canadensis, as it has three nucleotide substi-
tutions in the primer CS-F. This new assay will detect all
rickettsial species of the SFG and TG, but not the ancestral
group, with very high sensitivities.

The ability to quantify rickettsiae is useful. Traditionally,
enumeration of rickettsiae has been done via the plaque as-
say.16 These assays are time consuming, rely on the rickettsia
being capable of infecting a cell monolayer, and are not that
sensitive.17 More recent methodologies in enumerating rick-
ettsia have been PCR based, with sensitivities of five copies
per reaction.18 The recent development of a real-time assay to
detect O. tsutsugamushi has demonstrated that high specific-
ity and a sensitivity of one copy number is achievable.9 The
development of a real-time PCR assay for R. prowazekii using
the ompB gene has also been published,11 although it cannot
detect other members of the genus Rickettsia and has a sen-
sitivity of approximately 10 copies. Enumeration of living
rickettsia inoculated into an animal or tissue culture is impor-
tant for the study of rickettsial pathogenicity,19 host suscep-
tibility,20 and vaccine efficacy.21 Due to its high sensitivity, the
new real-time assay would be useful in the quantification of
rickettsia within animal and human organs and tissues, includ-
ing blood, where a very high sensitivity is needed.

The ability to quickly diagnose an acute rickettsial illness is
important for the rapid administration of appropriate antibi-
otics. Serology is no longer considered an adequate marker of
rickettsial illness even when used as a retrospective test. Cases
of confirmed rickettsioses have now been described where no
increase in rickettsial antibody titer was detected or where a
positive serum titer was not detected at any stage during or
after the illnesses.22 Traditional PCR techniques lack the sen-
sitivity to diagnose infection when there are low numbers of
rickettsiae in peripheral blood mononuclear cells.18 The de-
velopment of a real-time PCR specific for SFG and TG rick-
ettsiae is useful in overcoming the defects of serology and
conventional PCR. The ability of this new real-time PCR to
detect 1 copy number of the SFG citrate synthase gene target
and the highly specific nature of the assay makes it a valuable
tool for the diagnoses of acute rickettsial infection.

Received March 14, 2005. Accepted for publication August 19, 2005.

Acknowledgments: We would like to thank The Geelong Region
Medical Research Foundation for financial assistance with this proj-
ect and Lin Dillon from Westmead Hospital, Sydney, for supplying
the Bartonella strains.

Authors’ addresses: John Stenos, Stephen R. Graves, and Nathan B.
Unsworth, The Australian Rickettsial Reference Laboratory, The
Geelong Hospital, P.O. Box 281, Geelong, Victoria, Australia 3220,
Telephone: 61 3 5226 7521, Fax: 61 3 5260 3183.

Reprint requests: Nathan Unsworth, The Australian Rickettsial Ref-
erence Laboratory, The Geelong Hospital, P.O. Box 281, Geelong,
Victoria, Australia 3220, Telephone: 61-3-5226-7521, Fax: 61-3-5260-
3183, E-mail: nathanu@barwonhealth.org.au.

REFERENCES

1. Andersson SG, Zomorodipour A, Andersson JO, Sicheritz-
Ponten T, Alsmark UC, Podowski RM, Naslund AK, Eriksson
AS, Winkler HH, Kurland CG, 1998. The genome sequence of
Rickettsia prowazekii and the origin of mitochondria. Nature
396: 133–140.

2. Stothard DR, Clark JB, Fuerst PA, 1994. Ancestral divergence of

Rickettsia bellii from the spotted fever and typhus groups of
Rickettsia and antiquity of the genus Rickettsia. Int J Syst Bac-
teriol 44: 798–804.

3. Raoult D, Roux V, 1997. Rickettsioses as paradigms of new or
emerging infectious diseases. Clin Microbiol Rev 10: 694–719.

4. Graves SR, Dwyer BW, McColl D, McDade JE, 1991. Flinders
Island spotted fever: a newly recognised endemic focus of tick
typhus in Bass Strait, Part 2: Serological investigations. Med J
Aust 154: 99–104.

5. Unsworth NB, Stenos J, McGregor AR, Dyer JR, Graves SR,
2005. Not only ‘Flinders Island’ spotted fever. Pathology 37:
242–245.

6. Tzianabos T, Anderson BE, McDade JE, 1989. Detection of
Rickettsia rickettsii DNA in clinical specimens by using poly-
merase chain reaction technology. J Clin Microbiol 27: 2866–
2868.

7. Regnery RL, Spruill CL, Plikaytis BD, 1991. Genotypic identifi-
cation of rickettsiae and estimation of intraspecies sequence
divergence for portions of two rickettsial genes. J Bacteriol
173: 1576–1589.

8. Sexton DJ, Kanj SS, Wilson K, Corey GR, Hegarty BC, Vevy
MG, Breitschwerdt EB, 1994. The use of a polymerase chain
reaction as a diagnostic test for Rocky Mountain spotted fever.
Am J Trop Med Hyg 50: 59–63.

9. Jiang J, Chan T-C, Temenak JJ, Dasch GA, Ching W-M, Rich-
ards AL, 2004. Development of a quantitative real-time poly-
merase chain reaction assay specific for Orientia tsutsuga-
mushi. Am J Trop Med Hyg 70: 351–356.

10. Courtney JW, Kostelnik LM, Zeidner NS, Massung RF, 2004.
Multiplex real-time PCR for detection of Anaplasma phago-
cytophilium and Borrelia burgdorferi. J Clin Microbiol 42:
3164–3168.

11. Jiang J, Temenak JJ, Richards AL, 2003. Real-time duplex assay
for Rickettsia prowazekii and Borrelia recurrentis. Ann NY
Acad Sci 990: 302–310.

12. Roux V, Rydkina E, Eremeeva M, Raoult D, 1997. Citrate syn-
thase gene comparison, a new tool for phylogenetic analysis,
and its application for the rickettsiae. Int J Syst Bacteriol 47:
252–261.

13. Davis LG, Dibner MD, Battey JF, 1986. Optical density analyti-
cal measurements. Basic methods in molecular biology. New
York: Elsevier Science, 327–328.

14. Rogall T, Wolters J, Flohr T, Böttger EC, 1990. Towards a phy-
logeny and definition of species at the molecular level within
the genus Mycobacterium. Int J Syst Bacteriol 40: 323–330.

15. Kaplowitz LG, Lange JV, Fischer JJ, Walker DH, 1983. Corre-
lation of rickettsial titers, circulating endotoxin, and clinical
features in Rocky Mountain spotted fever. Arch Intern Med
143: 1149–1151.

16. Weinberg EH, Stakebake JR, Gerone PJ, 1969. Plaque assay for
Rickettsia rickettsii. J Bacteriol 98: 398–402.

17. Stenos J, Graves S, Dwyer B, 1992. Quantification of Rickettsia
australis. Am J Trop Med Hyg 47: 141–146.

18. Eremeeva ME, Dasch GA, Silverman DJ, 2003. Evaluation of a
PCR assay for quantitation of Rickettsia rickettsii and closely
related spotted fever group rickettsiae. J Clin Microbiol 41:
5466–5472.

19. Walker DH, Tidwell RR, Rector TM, Geratz JD, 1984. Effect of
synthetic protease inhibitors of the amidine type on cell injury
by Rickettsia rickettsii. Antimicrob Agents Chemother 25: 582–
585.

20. Maurin M, Raoult D, 1997. Bacteriostatic and bactericidal activ-
ity of levofloxacin against Rickettsia rickettsii, Rickettsia
conorii, ‘Israeli spotted fever group rickettsia’ and Coxiella
burnetii. J Antimicrob Chemother 39: 725–730.

21. Kenyon RH, Sammons LS, Pedersen CE Jr, 1975. Comparison of
three Rocky Mountain spotted fever vaccines. J Clin Microbiol
2: 300–304.

22. Fournier P-E, Gouriet F, Brouqui P, Lucht F, Raoult D, 2005.
Lymphangitis-associated rickettsiosis, a new rickettsiosis
caused by Rickettsia sibirica mongolotimonae: Seven new cases
and review of the literature. Clin Infect Dis 40: 1435–1444.

SENSITIVE REAL-TIME PCR FOR RICKETTSIAE 1085


