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ABSTRACT 

 

The present study evaluated the rickettsial infection in a laboratory colony of cat fleas, Ctenocephalides 

felis felis (Bouche) in Brazil. All flea samples (30 eggs, 30 larvae, 30 cocoons, 30 males, and 30 females) 

tested by polymerase chain reaction (PCR) were shown to contain rickettsial DNA. PCR products, 

corresponding to the rickettsial gltA, htrA, ompA and ompB gene partial sequences were sequenced and 

showed to correspond to Rickettsia felis, indicating that the flea colony was 100% infected by R. felis. The 

immunofluorescence assay (IFA) showed the presence of R. felis-reactive antibodies in blood sera of 7 

(87.5%) out of 8 cats that were regularly used to feed the flea colony. From 15 humans that used to work 

with the flea colony in the laboratory, 6 (40.0%) reacted positively to R. felis by IFA. Reactive feline and 

human sera showed low endpoint titers against R. felis, varying from 64 to 256. With the exception of one 

human serum, all R. felis-reactive sera were also reactive to Rickettsia rickettsii and/or Rickettsia parkeri 

antigens at similar titers to R. felis. The single human serum that was reactive solely to R. felis had an 

endpoint titer of 256, indicating that this person was infected by R. felis.  
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Rickettsia felis, a bacterium formerly belonging to the 

spotted fever group (SFG) rickettsiae has been recently 

reclassified into the transitional group (TRG) rickettsiae (9). 

The organism has been detected infecting fleas (mostly 

Ctenocephalides spp) in various countries among all continents 

of the world, except Antarctica (19). R. felis has been reported 

as the causative agent of flea-borne spotted fever, an emerging 

human rickettsiosis that has been diagnosed in the United 

States (27), Mexico (33, 34), Brazil, France (22), Germany 

(24), Thailand (18), South Korea (7), Tunisia (35), Laos (20), 

Spain (5), and Taiwan (29). To date, all cases of human or 

animal infection by R. felis have been confirmed solely by 

serological and molecular tests; isolation of R. felis from 

humans or any other vertebrate has never been reported.  

R. felis was first observed within midgut cells of cat fleas, 

Ctenocephalides felis felis, from a commercial colony 

maintained by El Labs, Soquel, CA (ELB) in the United Sates 

(1), which showed > 90% infection rate, with successful 

demonstration of transovarial and transstadial transmission as 

shown by occurrence of infected eggs and unfed larvae (4).
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Higgins et al. (10) evaluated the R. felis infection in eight 

laboratory colonies of cat fleas from different areas of USA by 

molecular analysis, with infection rates varying from 43 to 

93% (mean: 72%). Wedincamp & Foil (30) found �65% 

infection rate in a colony kept at the Lousiania State 

Agricultural Center St. Gabriel Research Station (LSUSG). In 

two more recent studies, cats naturally exposed to R. felis-

infected fleas demonstrated anti-R. felis antibodies (6, 17). 
The present study aimed to verify Rickettsia felis infection 

in all developmental stages of the life cycle of C. felis felis 

from a laboratory colony, and to determine the presence of 

Rickettsia-reactive antibodies in cats and humans in direct 

contact with the flea colony. 

In July 2004, larvae, cocoons, and adults of C. felis felis 

were obtained from the laboratory flea colony of the 

Department of Parasitology of the Federal Rural University of 

Rio de Janeiro, in Seropédica Municipality, Rio de Janeiro, 

Brazil. In July 2006, flea eggs were also obtained from the 

same colony. The flea colony has been maintained in the 

laboratory since 1996. Eight cats were used for feeding adult 

fleas inside individual cages, in an isolated room. Three times a 

week, cats were infested with 50 male and 50 female fleas. For 

colony maintenance, falling eggs from cat fur were collected 

below the cages, and held inside tubes with artificial diet in an 

incubator at 27°C and 75% RH (8). 

Samples of 30 eggs, 30 larvae, 30 cocoons, 30 males, and 

30 females of C. felis felis colony were washed in absolute 

ethanol and individually submitted to DNA extraction. Each 

specimen was air dried and subsequently triturated in 50 µl of 

TE buffer [10mM Tris HCl; 1 mM ethylene diamine tetracetic 

acid (EDTA) pH 8.0] in sterile micro tubes. The final 

suspension was boiled at 100ºC for 20 minutes and held at -

20ºC (11). For every 10 individual flea samples, a blank tube 

was included in the DNA extraction. Before being triturating 

for boiling, flea cocoons were individually opened with sterile 

blades and needles, and only the adult flea present inside the 

cocoon was used for DNA extraction. This procedure was 

adopted because in a preliminary assay, whole cocoons from 

this same flea colony failed to yield PCR products.  

Samples were individually tested by polymerase chain 

reaction (PCR) with a primer pair (CS78 F and CS323 R) 

targeting a 401-bp fragment of the rickettsial gene gltA (Table 

1). Random samples of 2-5 eggs, larvae, cocoons, adult males, 

and females were submitted to a battery of PCR using all 

primer pairs described in Table 1, targeting fragments of the 

rickettsial genes gltA, htrA, ompA and ompB, followed by DNA 

sequencing the PCR products. For each reaction, 5 µl of the 

DNA template from each individual sample (egg, larva, 

cocoon, male or female) was added to 5 µl of PCR buffer 

(10X), 8 µl of deoxynucleotide triphosphates mixture 

(1.25mM), 1.5 MgCl2 (50mM), 25 pmol of each primer, 0.25 

µl of Taq polymerase (5,000 U/ml) and bi-distilled water to a 

final volume of 50 µl. For each reaction, DNA extracted from 

Rickettsia parkeri strain At24 was used as positive control (28) 

and bi-distilled water samples were used as negative controls. 

PCR thermal conditions were used as previously described (3, 

15, 22, 25, 26). PCR products were stained by ethidium 

bromide and visualized by electrophoresis in 1.5% agarose gel. 

For DNA sequencing, PCR products were purified using 

ExoSap (USB, Cleveland, USA) and sequenced in an 

automatic sequencer (ABI Prism 3100 Genetic – Applied 

Biosystems/Perking Elmer, California, USA). All DNA 

sequences generated in the present study were submitted to 

BLAST (Basic Local Alignment Search Tool) analysis (2) to 

determine similarities to other Rickettsia species. 

In February 2006, blood serum samples were collected 

from 8 cats that were used to feed the adult flea colony, and 

from 15 immune competent humans (researchers, technicians, 

and students) that had direct contact with these animals and 

fleas. Sera were tested by Indirect Immunofluorescence Assay 

(IFA) to detect antibodies reactive to Rickettsia spp. All cats 

had been continually used for feeding the colony for at least 3 

years, while all 15 humans, who had worked with the flea 

colony for at least 2 years, reported multiple flea bites during 

this period in the laboratory. IFA was performed in glass slides 

according to previously described methods (13, 32), employing 

three rickettsial antigens: R. felis strain Pedreira (12), Rickettsia 

rickettsii strain Taiaçú (21), and R. parkeri strain At24 (28). 
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Human and animal sera were diluted in two-fold increments 

with PBS starting from a 1:64 dilution. Twenty microliters of 

diluted sera were added to each well of the antigen slides. The 

slides were incubated at 37°C for 30 minutes in a humid 

chamber. The slides were rinsed once, and then washed twice 

for 15 minutes per wash in PBS. The slides were incubated 

with fluorescein isothiocyanate-labeled goat anti-human IgG or 

goat anti-cat IgG (Sigma, St Louis, USA) and washed as 

described earlier. The slides were mounted with buffered 

glycerin under coverslips, and read using an ultraviolet 

microscope (Olympus, Tokyo, Japan) at 400x magnification. 

Serum was considered to contain antibodies against rickettsiae 

if it displayed a reaction at the 1:64 dilution. Reactive sera 

were tested in two or three replications before determining the 

endpoint titer by serial two-fold serum dilution. In each slide, a 

serum previously shown to be non-reactive (negative control) 

and a known reactive serum (positive control) were tested.  

All the 150 (100%) flea samples (30 eggs, 30 larvae, 30 

cocoons, 30 males, and 30 females) yielded amplicon of the 

expected length by PCR targeting a 401-bp fragment of the 

rickettsial gltA gene. PCR product was never visualized in 

neither blank samples that were submitted to DNA extraction 

nor PCR negative control samples. Fragments of 1089, 394, 

575 and 676-bp of the genes gltA, htrA, ompA and ompB, 

respectively, were sequenced from each of 2 eggs, 5 larvae, 5 

cocoons, 5 adult males, and 5 females. Partial sequences of the 

gltA, htrA, and ompB genes were 100% identical to the 

corresponding sequence of R. felis in GenBank (CP000053). 

Partial sequence of the ompA gene showed a single nucleotide 

polymorphism (99.8% of identity) in comparison with R. felis 

in GenBank (CP000053), which resulted in an amino acid 

change (aspartic acid to tyrosine). Partial ompA sequence of R. 

felis generated in the present study has been submitted to 

GenBank (accession number FJ425917) 

Serum samples from 8 cats and 15 humans were tested 

against R. felis, R. rickettsii and R. parkeri antigens by IFA. Six 

humans (40.0%) and 7 cats (87.5%) showed titers �64 to at 

least one Rickettsia species (Table 2). All samples reactive to 

R. rickettsii or R. parkeri were also reactive to R. felis. One 

human serum was reactive solely to R. felis.  

 

 

Table 1. Primers used for amplification of rickettsial genes in both PCR and DNA sequencing. 

Primer 

Pairs 
Gene Nucleotide sequence (5'-3') 

Expected 

amplicon 

length* 

Reference 

CS78 F GCAAGTATCGGTGAGGATGTAAT 15 

CS323 R 
gltA 

GCTTCCTTAAAATTCAATAAATCAGGAT 
401 bp 

15 

CS239 F GCTCTTCTCATCCTATGGCTATTAT 15 

CS1069 R 
gltA 

CAGGGTCTTCGTGCATTTCTT 
834 bp 

15 

17K1 F GCTCTTGCAACTTCTATGTT 3 

17K2 R 
htrA 

CATTGTTCGTCAGGTTGGCG 
434 bp 

3 

190.70 F ATGGCGAATATTTCTCCAAAA 26 

190.701 R 
ompA 

GTTCCGTTAATGGCAGCATCT 
617 bp 

25 

190.59 F CCGCAGGGTTGGTAACTGC 22 

190.807 R 
ompB 

CCTTTTAGATTACCGCCTAA 
862 bp 

22 

* according R. felis (strain URRWXCal2) sequence in GenBank (CP000053) 
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Table 2. Endpoint titers of indirect immunofluorescence assay (IFA) for Rickettsia felis, Rickettsia rickettsii and Rickettsia parkeri 

in cats and humans with direct contact with a Rickettsia felis-infected laboratory flea colony. 

Rickettsia antigens used for IFA 
Sample R. felis R. rickettsii R. parkeri 
Cat 1 64 64 64 
Cat 2 64 - 64 
Cat 3 128 128 128 
Cat 4 64 - 64 
Cat 5 64 64 64 
Cat 6 64 64 128 
Cat 7 128 64 64 
Cat 8 - - - 
Human 1 - - - 
Human 2 - - - 
Human 3 - - - 
Human 4 64 128 64 
Human 5 - - - 
Human 6 - - - 
Human 7 - - - 
Human 8 128 256 - 
Human 9 - - - 
Human 10 64 128 128 
Human 11 256 - - 
Human 12 - - - 
Human 13 128 - 128 
Human 14 - - - 
Human 15 128 256 256 
- : non reactive at titer ≥ 64 
 

 

In the present study, DNA sequencing of PCR products 

from random samples indicate that all individuals of the flea 

colony were infected by R. felis. High infection rates, varying 

from 43 to 100%, were also reported for laboratory cat flea 

colonies in the United States (23). Previous studies with wild 

cat flea populations in South America have reported R. felis-

infection rates varying from 13.5 to 90% (17). Since we found 

R. felis DNA in eggs, and all post-embryonic developmental 

stages of cat fleas, our results corroborate previous studies 

showing that R. felis is transmitted transovarially and 

transstadially in cat fleas (4, 31).  

In a recent study (17) with cats naturally infested by R. 

felis-infected cat fleas (70% infection rate) in Chile, 16 

(72.7%) out of 22 cats had R. felis-reactive antibodies (titer 

�64). Among those, 3 (13.6%) also reacted with R. parkeri and 

2 (9.1%) with R. rickettsii. Like in the present study, no 

Chilean cat serum reacted with R. rickettsii or R. parkeri 

without reacting with R. felis. R. felis-endpoint titers (128 to 

512) in four of these cats were at least 4-fold higher than that to 

any of the other Rickettsia species, suggesting homologous 

reaction to R. felis infection (17). In the present study, 7 out of 

8 cats used to feed a R. felis-infected cat flea colony (100% 

infection rate) showed antibodies reactive to both R. felis and 

R. parkeri antigens, and 5 cats were also seroreactive to R. 

rickettsii antigens. Endpoint titers to the three rickettsial 

antigens were always low, varying from 64 to 128 (Table 2). In 

this case, no cat showed endpoint titer 4-fold higher for a 

Rickettsia species than for the other species. However, since 

these cats have been continually infested by R. felis-infected 

cat fleas in the laboratory, under no contact with ticks or lice 

(potential vectors of other Rickettsia species) and fed 

exclusively with commercial pellets and water (cats were not 

allowed to go out hunting), it is likely that their serological 

reactiveness to SFG Rickettsia was elicited by R. felis during 
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previous contacts with infected cat fleas from the colony.  

Since all 15 humans sampled in the present study had 

recent history of multiple flea bites while handling the flea 

colony in the laboratory, we expected most, or even all, of 

them to show anti- R. felis antibodies, since it has been shown 

that R. felis is a human pathogen (19). However, only 6 (40%) 

human sera were reactive to R. felis antigens. Five of these sera 

also showed similar antibody titers to R. rickettsii and/or R. 

parkeri, precluding any inference of the rickettsial agent 

responsible for eliciting serological response, because they all 

lived outside the laboratory and had different histories of 

exposure to additional rickettsial vectors, especially ticks (data 

not shown). On the other hand, one human serum (human 11, 

Table 2) was reactive to R. felis (titer 256) without reacting 

with the remaining rickettsial antigens. According to 

serological interpretations used in previous studies (14, 16, 18, 

29), this human 11 was infected by R. felis or a very closely 

related genotype because its endpoint titer to R. felis was at 

least 4-fold higher than that to any of the other Rickettsia 

species. Although recent febrile illness compatible with classic 

spotted fever (fever, headache, and rash) was not recalled by 

any of the 15 humans (data not shown), rickettsiosis can 

manifest with a multiplicity of general symptoms (19), making 

it difficult to recall previous clinical rickettsiosis with certainty. 

 R. felis is currently recognized as an emerging human 

pathogen of worldwide distribution However, the global 

scarcity of R. felis clinical reports deserves further attention. As 

the disease is considered to be rare, its confirmatory diagnostic 

testing is difficult because very few laboratories are equipped 

with specific diagnostic assays. These facts should be related to 

the low number of flea-borne rickettsioses cases that have been 

confirmed in the world.  
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