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We present a PCR method targeting the 23S-5S internal transcribed spacer coupled with reverse line
blotting that allows Rickettsia species detection and identification in a single step. The method is highly
sensitive and specific in identifying Rickettsia species from both patient and environmental samples. The
generic approach used allowed us to identify new pathogens.

Rickettsia spp. constitute a genus with an increasing number
of species. As the methodologies for culture and molecular
detection improve, the association between Rickettsia species
found only in arthropods or reservoirs and human disease is on
the rise (12-19).

Their obligate intracellular life cycle and the small number
of organisms present in clinical samples, as well as serological
cross-reactions between species, make rickettsiae difficult to
diagnose and to identify at the species level (19). Although the
treatment guidelines for suspected rickettsiosis are well known,
an accurate determination of the rickettsial species causing
human disease is clinically and epidemiologically relevant, and
methods for its molecular identification should be imple-
mented.

Available methods for molecular diagnosis of rickettsioses
require a two-step methodology that includes sequencing of
the amplified fragments and an accurate methodology for phy-
logenetic analysis and species identification that are not avail-
able at all laboratories. This hampers the acquisition of global
data on rickettsia species circulating in vectors and reservoirs
and on those that cause human disease.

Recently, the comparison of highly variable intergenic spac-
ers has been proposed as an accurate typing method within
bacterial species (5). Also, conserved regions in the rRNA
intergenic spacers have been used in other bacterial genera for
detection and differentiation among species (2, 3, 6, 8, 20, 21).
The structure of the spacers within the rRNA operon, with
interspecies hypervariable central regions flanked by conserved
ends, makes them powerful tools for the design of generic
methods for molecular detection.
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Here, we present a method for the detection of Rickettsia
based on a PCR that amplifies a fragment of the 23S-58S inter-
genic spacer and subsequent hybridization by reverse line blot-
ting (RLB) (22). Briefly, in this methodology, group- and spe-
cies-specific probes are covalently linked to activated
membranes in lines using a slotted miniblotter. To test PCR
products from samples for reactivity to probes, the blot is
returned to the blotter, but rotated 90°. Hybridizations with
denatured PCR products are detected using chemilumines-
cence. For the design of primers and probes, available se-
quences (Table 1) were aligned by using ClustalX (23). Re-
gions of interest, between 18 and 24 bp long with melting
temperatures above 60°C, were identified by visual analysis,
and their feasibility as primers and probes (Table 1) was
checked with Oligo6 software (Molecular Biology Insights, Inc.
West Cascade, CO). The Basic Local Alignment Search Tool
(BLASTn) (1) was used for a preliminary assessment of oligo-
nucleotide specificity.

Primers and probes were synthesized with 5’-biotin and C-12
aminolink modifications, respectively (Sigma-Aldrich Quimica,
Tres Cantos, Madrid, Spain) (Table 1). PCRs were performed
in a volume of 50 pl with 10 mM Tris-HCI, 50 mM KCI, 2 mM
ClL,Mg, 200 pM of each deoxynucleoside triphosphate (Pro-
mega, Madison, WI), 2.5 U of Tag Gold DNA polymerase
(Applied Biosystems, Branchburg, NJ), and 0.8 ng/pl of
DNase-free bovine serum albumin (Amersham Biosciences,
Barcelona, Spain), with primers used at a final concentration of
0.5 uM. PCR cycling included an initial denaturating step of 9
min at 94°C, followed by 40 cycles of 15 s at 94°C, 1 min at
60°C, and 4 min at 65°C, with a final elongation of 7 min at
65°C in an MJ Research PCT-200 (Ecogen, Barcelona, Spain).
For the hybridization, a Biometra OV3 Mini Hybridization
Oven (Cultek, S. L., Madrid, Spain) was used, and the RLB
was performed as described previously (20) with modifications
in the temperatures of the hybridization (52°C) and washing
(48°C) steps. Probes were attached to the membrane by 10 min
of incubation. Cross-titration of probes and PCR products
showed that the best concentration of probes was 0.4 ng/ul for
a PCR product diluted 1:15 (data not shown).
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TABLE 1. Primers and probes

Organism Primers Probes Sequence (5'-3") Position”

Rickettsia spp. RCK/23-5-F GATAGGTCRGRTGTGGAAGCAC 1-22 (AY125012)
RCK/23-5-R TCGGGAYGGGATCGTGTGTTTC 388-367 (AY125012)

Generic GP-RICK TAGCTCGATTGRTTTACTTTG 51-71 (AY125012)
SFG GP-SFG ACTCACAARGTTATCAGGT 123-141 (AY125012)
R. akari P-AKA3 GATCATGCAGCAATACATTAGC 291105-291126 (AAFE01000001)
R. belliii P-BELL GTGTTTATTCTATAATATGTCAG 2721-2743 (U11015)
R. slovaca P-SLO GTAGCCCCTGCCACGATA 194-211 (AY125009)
R. conorii P-CON GTTATATACTGTAGCCCTG 186-204 (AY125012)
R. aeschlimannii P-AESCH ATATTATACTGTATGTAGCCCC 183-204 (AY125016)
R. rickettsii-R. sibirica P-RI/SI GTTATACTGTAGTCCTGCAA 2814-2833 (U11022)
R. helvetica P-HELV CATGGCTTGATCCACGGTA 360-342 (AY125017)
R. felis P-FEL TAATGTTATACCGTGGTCCCGC 186-207 (AMO055829)
R. australis P-AUS GACAAGTTTAGTTATGCAAT 230-249 (AM055830)
Typhus group GP-TG GTTATTCTATCGTTTTATGTYACG 2804-2827 (U11018)
R. prowazekii P-PROW TACGATTTGATAGTAAAGTTTTG 2824-2846 (U11018)
R. typhi (R. mooserii) P-TYPHI ATGTCACGATTTGACCGTAAGATC 188-211 (AY125019)
Cannabis sativa P-CI2 GTGGACACTTTAGTGGAGGAGG 281-302 (AB183705)

“ Accession numbers for the reference sequences are in parentheses.

As positive controls, DNA was extracted with a QIAamp
DNA Mini Kit (IZASA S.A., Barcelona, Spain) from different
sources. Strains (Table 2) were grown in Vero cell monolayers
under biosafety level 3 conditions as previously described (10);
DNA of Rickettsia rickettsii was extracted from scraped slides

for indirect immunofluorescence (Focus Diagnostics, Cypress,
CA), and DNA of R. felis from infected Ctenocephalides felis
specimens was collected from stray cats in La Rioja (Northern
Spain). The empirical determination of the sensitivity of the
technique with these DNAs was done by serial 10-fold dilu-

TABLE 2. Samples and strains included in the study

Patient/arthropod/ Sample Origin Region Result?
strain no.

1 R. aeschlimanii Synthetic DNA +
2 R. akari Native DNA +
3 R. australis Native DNA +
4 R. bellii Synthetic DNA +
5 R. conorii Native DNA +
6 R. felis Stray cat flea +
7 R. helvetica Native DNA +
8 R- rickettsii IIF slides® +
9 R. sibirica Native DNA +
10 R. slovaca Native DNA +
11 R. prowazekii Synthetic DNA +
12 R. typhi Native DNA +
13 Negative control Water Neg
14 Rhipicephalus sanguineus Questing tick Castilla y Leén R. conorii
15 R. sanguineus Questing tick Castilla y Ledn R. conorii
16 D. marginatus Tick from patient La Rioja R. slovaca
17 D. marginatus Tick from patient La Rioja R. slovaca
18 D. marginatus Tick from patient La Rioja R. slovaca
19 Xenopsylla cheopis Flea from goat herd Canary Island R. typhi
20 X. cheopis Flea from goat herd Canary Island R. typhi
21 X. cheopis Flea from goat herd Canary Island R. typhi
22 X. cheopis Flea from goat herd Canary Island R. typhi
23 Blood Murine typhus patient Canary Island R. typhi
24 Blood Murine typhus patient Canary Island R. typhi
25 Ctenocephalides felis Flea from stray cat La Rioja R. felis
26 Plasma MSF patient Castilla y Leén R. conorii
27 Blood MSF patient Castilla y Le6n R. conorii
28 Blood MSF patient La Rioja R. conorii
29 Blood DEBONEL/TIBOLA patient La Rioja Neg
30 Blood DEBONEL/TIBOLA patient La Rioja Neg
31 Blood MSF-like patient La Rioja SFG
32 Blood MSF-like patient Pais Vasco SFG

“ As shown in Fig. 1.
b +, positive; Neg, negative.
¢ IIF, indirect immunofluorescence.
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FIG. 1. 23S-5S PCR/RLB results for selected samples from this study. Lanes 1 to 13, positive controls: lane 1, R. aeschlimannii; lane 2, R. akari;
lane 3, R. australis; lane 4, R. bellii; lane 5, R. conorii; lane 6, R. felis; lane 7, R. helvetica; lane 8, R. rickettsii; lane 9, R. sibirica subsp. mongolotimonae;
lane 10, R. slovaca; lane 11, R. prowazekii; lane 12, R. typhi; lane 13, negative control. Lanes 14 to 32, environmental and human samples as listed

in Table 2. The names of the probes used are shown on the left, as abbreviated in Table 1.

tions of the stock (Fig. 1). When native material was not
available, as for R. prowazekii, R. bellii, and R. aeschlimannii, a
synthetic DNA fragment was constructed following available
sequences with overlapping primers up to 75 bp long to be used
in consecutive PCRs (data not shown). Then, the synthetic
fragments were cloned in pGEM-T-easy vectors (Promega Bio-
tech Ibérica, SL, Madrid, Spain) following the manufacturer’s
instructions and sequenced to check their fidelity. The plasmid
copy numbers were quantified by spectrophotometry with a
NanoDrop ND-1000 spectrophotometer (Nucliber, Madrid,
Spain). One, 10, 10% and 10 copies of each plasmid per reac-
tion were tested, and a sensitivity of 1 plasmid copy per reac-
tion was observed for each species whose intergenic spacer was
cloned (Fig. 1). The sensitivity of the test was also determined
in the presence of foreign DNAs from different clinical and
environmental samples. Under these conditions, with the
amount of DNA that is usually included in each reaction (200
to 600 ng) and 10 and 1 copies of a plasmid containing the
intergenic spacer of R. bellii per reaction, no diminution of
sensitivity was observed (Fig. 2). This test was also performed
with plasmids of R. prowazekii, and similar results were ob-
tained (data not shown).

The generic probes designed (Rickettsia catch-all, spotted
fever group [SFG], and typhus group) and the specific probes
for 11 Rickettsia species showed good specificity without cross-
reactions (Table 2 and Fig. 1), allowing the individual identi-
fication of each of the species tested. In the cases of R. rickettsii
and R. sibirica, due to the high homology of their rrf-rrl spacer
sequences, a common probe for the two species was designed
(Fig. 1). Sequencing of rrf-rrl allows differentiation between the
two species. The specificity of detection for all positive samples
presented here was confirmed by sequencing of ompA and/or
gltA (data not shown).

As a negative control, 10> genome equivalents per reaction
of Legionella pneumophila, Bartonella henselae, Bacillus cereus,
Borrelia burgdorferi sensu stricto, and Mycoplasma pneumoniae

was used as a target in the PCR. Also, Orientia tsutsugamushi
and Anaplasma phagocytophilum were tested at a concentra-
tion 100 times higher than the last 10-fold dilution of the stock
that yielded amplicons in specific PCR protocols to amplify the
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FIG. 2. Sensitivities of the 23S-5S PCR/RLB in clinical and environ-
mental samples spiked with an R. bellii 23S-5S cloned fragment. Lanes 1,
3,5,7,9, and 11, samples spiked with 10 copies per reaction; lanes 2, 4, 6,
8, 10, and 12, samples spiked with 1 copy per reaction. Negative samples
were human blood (lanes 1 and 2), human cerebrospinal fluid (lanes 3—4),
and a Rhipicephalus sanguineus specimen (lanes 5 and 6). Positive samples
were human blood positive for Coxiella burnetii (lanes 7 and 8), a human
lymph node aspirate positive for Bartonella henselae (lanes 9 and 10), and
a human swab specimen from a skin lesion positive for Francisella tularensis
(lanes 11 and 12). Positive controls were 10 copies (lane 17) and 1 copy (lane
18) of an R. bellii cloned fragment without foreign DNA. Negative controls
were distilled water without IAC (lane 16) and human samples positive for
other pathogens without spiked DNA (human blood positive for C. bumetii
[lane13], a lymph node aspirate positive for B. henselae [lane 14], and a human
swab specimen from a skin lesion positive for F. tularensis [lane 15]).
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omp 47-kDa protein-coding gene (9) and msp2 (11), respec-
tively. None of the heterologous bacterial species yielded a
positive hybridization signal (data not shown). In addition,
clinical samples positive for different agents were tested (Fig. 2,
lanes 13 to 15), and all of them were negative.

Also, to assess the presence of PCR inhibitors in the sam-
ples, a synthetic internal amplification control (IAC) was con-
structed and cloned as described above, following the partial
sequence of a gene of an unrelated organism (the Cannabis
sativa tetrahydrocannabinolic acid synthase gene) (Table 1).
Primers and a probe designed for IAC detection (Table 1)
were used in combination with the Rickettsia-specific method
at the same concentration described above, and 10 TAC plas-
mid copies per reaction were added at the moment of ampli-
fication. We observed the lack of PCR inhibitors, as IAC was
detected in all the samples tested (Fig. 1, probe P-CI2).

For a preliminary validation of the technique, between 200
and 600 ng of DNA from several environmental samples, as
well as human samples, was tested. For this purpose, different
arthropods (ticks and fleas) were tested (Table 2). Specimens
of questing Riphicephalus sanguineus reacted with the probe
R-CON for R. conorii (Fig. 1, lanes 14 and 15). Questing
Dermacentor marginatus specimens hybridized with the probe
for R. slovaca (P-SLO) (Fig. 1, lanes 16 to 18). Also, specimens
of Xenopsylla cheopis collected from areas where murine
typhus cases had been diagnosed (7) hybridized with the probe
P-TYPHI for R typhi (Fig. 1, lanes 19 to 22) and C. felis
specimens hybridized with P-FEL for R. felis (Fig. 1, lanes 25).
As described above, all the positive samples were subjected to
sequencing to confirm the results.

Among the human samples, patients suspected or confirmed
to have Mediterranean spotted fever (MSF); Dermacentor-
borne necrosis, erythema, and lymphadenopathy/tick-borne
lymphadenopathy (DEBONEL/TIBOLA) (12, 15, 18); and
murine typhus were tested (Table 2 and Fig. 1). Samples from
two MSF patients from Castillay Le6n (Fig. 1, lanes 26 and 27)
and La Rioja (Fig. 1, lane 28) reacted with the specific probe
for R. conorii. Further identification of the subspecies involved
in these cases is in progress. Also, two cases of murine typhus
were analyzed, which hybridized with GP-TG and R. typhi
probes as expected (Fig. 1, lanes 23 and 24). Two patients from
La Rioja with clinically diagnosed DEBONEL/TIBOLA had
negative results (Fig. 1, lanes 29 and 30), which was probably
due to the low level of systemic dissemination observed for
the pathogen involved. Moreover, the molecular diagnosis of
this disease is known to have low efficiency with the available
methodology (12, 18).

Interestingly, samples from two patients with clinically diag-
nosed MSF reacted only with the probes generic for all Rick-
ettsia strains and for the SFG (Fig. 1, lanes 31 and 32). Sur-
prisingly, no signal was obtained either with the R. conorii
probe or with other SFG Rickettsia species probes. Conse-
quently, we decided to sequence the amplicons of both sam-
ples, and identical sequences were obtained. In a phylogenetic
tree, constructed as previously described (4), they placed close
to R. helvetica but in a separate clade (Fig. 3), suggesting that
a different Rickettsia strain was responsible for these cases. A
further study of these cases had disclosed R. monacensis as the
etiological agent of the processes (I. Jado, J. A. Oteo, M.
Aldamiz, H. Gil, R. Escudero, V. Ibarra, J. Portu, A. Portillo,
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FIG. 3. 23S-5S phylogenetic analysis of the Rickettsia species de-
tected in the sample Rp-SP1 from the blood of an MSF-like patient.
The dendrogram was built using the neighbor-joining method, and
Mega 3 software was used for the calculation of pairwise distances. The
number above each node indicates the bootstrap value. A distance bar
is shown at the bottom.

M. J. Lezaun, C. Garcia-Amil, I. Rodriguez-Moreno, and P.
Anda, submitted for publication). These results showed that
the approach used for the design of this method, with both
generic and specific probes, will be of interest when a new
Rickettsia species in either human disease or environmental
samples is involved. Also, the method is improvable by adding
new specific probes as new Rickettsia species are described.

As a major conclusion, this new method has been proven to
be a reliable and powerful tool for the identification of the
etiology of human rickettsioses in a clinical setting, as well as
for performing environmental studies. The proposed generic ap-
proach for amplification will also be useful for the establishment
of new associations between Rickettsia species of unknown patho-
genicity and human disease.

Nucleotide sequence accession number. The Rickettsia se-
quences obtained in this study have been submitted to GenBank
under accession number DQ139797.
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