Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 100(8): 853-859, December 2005

853

Antibodies to Rickettsia rickettsii, Rickettsia typhi, Coxiella
burnetii, Bartonella henselae, Bartonella quintana, and Ehrlichia
chaffeensis among healthy population in Minas Gerais, Brazil
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Rickettsial diseases except those belonging to spotted fever group rickettsioses are poorly studied in South
America particularly in Brazil where few epidemiological reports have been published. We describe a serosurvey for
Rickettsia rickettsii, R. typhi, Coxiella burnetii, Bartonella henselae, B. quintana, and Ehrlichia chaffeensis in 437
healthy people from a Brazilian rural community. The serum samples were tested by indirected micro-immunoflourescence technique and a cutoff titer of 1:64 was used. The seroprevalence rates for R. rickettsii, R. typhi, C.
burnetii, B. henselae, B. quintana, and E. chaffeensis were respectively 1.6% (7 samples); 1.1% (5 samples); 3.9% (17
samples); 13.7% (60 samples); 12.8% (56 samples), and 10.5% (46 samples). Frequent multiple/cross-reactivity
was observed in this study. Age over 40 years old, urban profession, and rural residence were significantly associated with some but not all infections rate. Low seropositivity rates for R. rickettsii, R. typhi, and C. burnetii contrasted
with higher rates of seropositivity for B. quintana, B. henselae, and E. chaffeensis. These results show that all tested
rickettsial species or antigenically closely related possible exist in this particular region.
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Rickettsial agents are important emerging and reemerging infectious diseases worldwide (Raoult & Roux
1997, Parola & Raoult 2001, Paddock & Childs 2003) and
scant information on such conditions can be found either
in Brazil or South America (WHO 1993, Rozental et al.
2002, Walker 2004a). Until recently the rickettsiales order
comprised the genus Rickettsia, Coxiella, Bartonella,
Orientia, Anaplasma, and Ehrlichia (Raoult & Roux 1997)
and despite of the resulting withdraw of some of them
from this order especially due to 16S rRNA studies, they
all can be functionally considered rickettsial agents
(Raoult & Roux 1997, Walker 2004b).
Most of the available publications of Brazilian rickettsial infections have focused on spotted fever group rickettsioses especially R. rickettsii infections (Lemos et al.
1994, 2001, Del Guercio et al. 1997, Rozental et al. 2002,
Galvão et al. 2003). This issue has been extensively reviewed recently by Galvão (2004). Despite of the fact that
new rickettsial agents have been described more recently
in Brazil (Oliveira et al. 2002), the whole scenario of rickettsial infections still have black holes reinforcing the nonexistence concept for such infections in this part of the
world.
The Piau county as well as the southern part of the
state of Minas Gerais had been considered free of any
rickettsial diseases until 1994 when a family cluster of
Brazilian spotted fever was reported (Hallack et al. 1996).
Thereafter reports of Brazilian spotted fever have been
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increasing in the Piau county and neighborgwoods (Costa
et al. 2002).
Given these above mentioned facts and the much-appropriated local ecologic conditions for rickettsial infections we choose this particular region for studying the
seroprevalence rates for R. typhi, C. burnetii, B. henselae,
B. quintana, and E. chaffeensis as well as R. rickettsii
infections among healthy individuals from a Brazilian rural community.
MATERIALS AND METHODS

Serum samples from 437 healthy individuals of both
sexes aged from 5 to 92 years old, living in the county of
Piau, state of Minas Gerais, Brazil were tested for the presence of R. rickettsii, R. typhi, C. burnetii phase I and
phase II, B. henselae, B. quintana, and E. chaffeensis IgG
and IgM antibodies. This county (Fig. 1), located at latitude 21º30’34’’S and longitude 43º19’25’’W, has 3008 inhabitants, 58% of them living in the small village and the
remainders scattered throughout the county, mostly in
small farms. The local economics is somehow linked to
cattle farming and the entire population has continuous
contact with several domestic animals. Tick attack history is widespread affecting roughly 100% of the population. From March to April 2001, health officials offered the
community yellow fever vaccination set in a single health
unit and all persons that showed up and who signed an
informed consent had blood samples taken for serological tests and responded a structured questionnaire. All
these people were local residents and no one reported the
previous diagnosis of any rickettsial disease. There are
no reported endemic or epidemic infectious diseases in
the Piau county. Local health officials and the institutional ethical committee approved the study. Sample size
was calculated considering the seroprevalence rate rang-
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obtained commercially was used for antibody detection.
Slides readings were performed blindly and a fluorescence
of at least 2+ was required for positivity. All sera were
initially screened at the dilution of 1:64 considered as cutoff value and were subsequently titered to the end point.
Multiple/cross-reactivity rate was calculated dividing the
number of positive samples for one agent by the number
of positive tests for each other agent from the same
samples.
RESULTS

Fig 1: geographic location of the Piau county in Minas Gerais,
Brazil.

ing from 2 to 9% respectively to the less and to the more
frequent agent with a standard error of 5% and CI of 95%.
Statistical analysis to compare the frequencies of qualitative data were done by Chi square and Fisher exact test
and the difference was considered significant when p <
0.05.
Serological tests were performed by the microimmunofluorescence technique (IFA) on “in door” slides as described elsewhere (Philip et al. 1976) using C. burnetii
(Nine Mile strain-yolk sac hens’ egg) phase I and phase II
antigens, R. typhi (Wilmington strain-yolk sac hens’ egg),
R. rickettsii (Sheila Smith strain-yolk sac hens’ egg), B.
henselae (Houston strain-E6 Vero cells), B. quintana (isolate OK-90-268-E6 Vero cells), and E. chaffeensis (Arkansas strain-DH-82 canine cells). Viral and Rickettsial Branch
of CDC Atlanta, US provided antigens and control sera.
Fluorescein-conjugated goat anti-human IgG (BioMérieux)

The seropositivity rate for R. rickettsii was 1.6% (7
positive samples), for R. typhi 1.1% (5 positive samples),
for C. burnetii 3.9% (17 positive samples), for B. henselae
13.7% (60 positive samples), for B. quintana 12.8% (56
positive samples), and for E. chaffeensis 10.5 % (46 positive samples). These data are shown in Fig. 2.
Overall, 127 samples corresponding to 29.1% were reactive to at least one tested agent.
There were no gender differences in seroprevalence.
Age over 40 years old was associated with more seropositivity for R. rickettsii, C. burnetii phase I, B. henselae,
B. quintana, and E. chaffeensis but these last two with no
statistical significance. E. chaffeensis infection rate was
higher among people living in farms than in those living
in the village (p < 0.05). Rural profession was associated
with less seropositivity for R. rickettsii than non-rural
ones (p < 0.05).
Slaughtering, milking, cattle contact, and horse contact were not associated with higher seroprevalence rate
to any tested agent.
When the cutoff value of 1:128 was used the overall
seroprevalence rate dropped substantially for R. rickettsii,
R. typhi, and C. burnetii but still remained noteworthy for
Bartonella spp. and E. chaffeensis (Fig. 2). When just
one-agent reactive samples were considered (“without
multiple/cross-reactivity” - WMCR rate) the numbers remained very close to those from 1:64 cutoff (Fig. 2).
Multiple reactivity or cross-reactivity with other rickettsial antigens (Table) was frequently observed especially between closely related antigens such as B. henselae
and B. quintana. Expressive multiple or cross-reactivity
between R. typhi and R. rickettsii; E. chaffeensis and
Bartonella spp.; Bartonella spp. and E. chaffeensis; and
R. rickettsii and R. typhi were also observed.
DISCUSSION

This serological survey demonstrated the presence of
antibodies to all rickettsial species tested in the health
population from the Piau county. Taken together, the tested
agents are representative of the main human pathogenic
rickettsial antigenic groups (Raoult & Roux 1997).
Except for the R. rickettsii (Lemos et al. 1994, 2001,
Del Guercio et al. 1997, Rozental et al. 2002, Galvão et al.
2004) seroepidemiologic data on rickettsial infections is
missing in Brazil although null seroprevalence for R. typhi
and E. chaffeensis infections has been reported in one
recent study by Galvão et al. (2002). This same author
however, previously reported in his PhD thesis, the presence of antibodies for R. typhi in 3% of humans from
Caratinga, state of Minas Gerais, Brazil (Galvão 1996).
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As compared with other Brazilian seroprevalence studies the rate found here for R. rickettsii was low. Lemos et
al. (1994, 2001), Del Guercio et al. (1997), and Galvão et al.
(2002) found respectively 7.14, 4.2, 5.3, and 10.1%
seroprevalence rates in different serosurveys. Despite this
low seroprevalence rate, spotted fever group rickettsioses have been increasing in the studied region with an
incidence of over 0.5/100,000 inhabitants-year (Costa 2004)

compatible with the ongoing epidemic expansion recently
reported from some Brazilian southeast regions (Rozental
et al. 2002, Galvão et al. 2003).
R. typhi infections in Brazil have been reported in the
past including with agent isolation from at least one human case (Travassos et al. 1949), but recent reports of
such infection are scarce (Silveira & Maestrini 1985, da
Silva & Papaiordaou 2001). However, Brazil is considered

Fig. 2: number of positive samples and seropositivity rates (%) for Rickettsia rickettsii, R. typhi, Coxiella burnetii, Bartonella henselae, B.
quintana, and Ehrlichia chaffeensis in the Piau county at 1:64 cutoff; 1:128 cutoff and “without-multiple/cross-reactivity” - WMCR rate.

R. rickettsii
R. typhi
C. burnetii
B. henselae
B. quintana
E. chaffeensis

Ehrlichia chaffeensis

Bartonella quintana

Bartonella henselae

Coxiella burnetii

Rickettsia typhi

Rickettsial agent

Rickettsia rickettsii

TABLE
Frequency (number and rate) of multiple/cross-reactive samples for several rickettsial agents among seropositive individuals
from Piau, MG (1:64)

N (%)

N (%)

N (%)

N (%)

N (%)

N (%)

7 (100)
1 (20)
2 (11.8)
0 (0)
0 (0)
1 (2.2)

2 (28.6)
5 (100)
2 (11.8)
1 (1.7)
1 (1.8)
1 (2.2)

2 (28.6)
2 (40)
17 (100)
2 (3.3)
3 (5.4)
2 (4.3)

0 (0)
1 (20)
2 (11.8)
60 (100)
47 (83.9)
9 (19.6)

0 (0)
1 (20)
1 (5.9)
47 (78.3)
56 (100)
9 (19.6)

1 (14.3)
1 (20)
2 (11.8)
9 (15)
9 (16.1)
46 (100)
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as risk area for murine typhus according to a previous
report (Parola et al. 1998). Murine typhus has been considered a neglected rickettsiosis worldwide (Walker 2004a)
and available data from Europe (Daniel et al. 2002) and
Asia (Tay et al. 2003) showed higher rates than in our
study. Our results do not support the concept of risk area
for R. typhi infection in this Brazilian region.
C. burnetii infection has been reported in serosurveys
of more than 30 years ago (Ribeiro-Neto et al. 1964, Riemann et al. 1974, 1975) but since then, no information of
such infection has been available from Brazil. Q fever has
been reported Southern (Moreira et al. 1989) and Northern Brazil (Tran et al. 2002) but for inexplicable reasons
little attention has been paid to it, not withstanding the
fact that it is supposed to be a worldwide zoonosis presents everywhere (Casolin 1999, CDC 2004). The findings
here reported along with the recent report of a human
case-series (Costa 2004) demand the inclusion of Q fever
among the causative agents of human infections in this
region.
Human serosurveys for Bartonella spp. infections are
not available in Brazil and our data indicates a high
seroprevalence rate in the Piau county. Even when using
higher cutoff values or “without multiple/cross-reactivity” seropositivity the seroprevalence remained expressive. Furthermore, higher seroprevalence rates for Bartonella spp. infections have been observed throughout
the world (Cimolai et al. 2000, McGill et al. 2001, Tea et al.
2003). Recent evidences of tick-borne transmission for
these agents have been published (Chang et al. 2001) and
together with their very high frequency among cattle and
other domestic animals, enable the possibility of human
contact with these agents.
Missing information regarding E. chaffeensis infections seems to the rule in Brazil where the first suspected
human cases were just recently published by Calic et al.
(2004). Additional human cases were also described thereafter (Costa 2004) but the only previously published
serosurvey carried out in Brazil on E. chaffeensis infection found null seroprevalence among humans but not in
dogs from that very same region (Galvão et al. 2002). As
observed for Bartonella spp. even when using higher
cutoffs or without-multiple/cross reactivity seropositivity, expressive numbers of people were positive for E.
chaffeensis. The rate found here sounds high but was
similar to the rate found among 726 febrile patients without acute rickettsial infection from the city of Juiz de Fora
(Costa 2004), and also to others reported elsewhere (Paddock & Childs 2003). In one of the few serologic surveys
in South America, Ripoll et al. (1999) found 14% of positivity in Argentina but rates have ranged from 2 to 20%
throughout the world (Paddock & Childs 2003). Ehrlichia
species particularly E. canis have been recently isolated
from Brazilian dogs (Machado 2004) indicating the presence of bacteria belonging to this genus in Brazil. Despite
the fact that E. chaffeensis is yet to be isolated in Brazil, it
may be hypothesized that E. chaffeensis or closely related species could be promoting antigenic exposure generating anti-Ehrlichia spp. antibodies irrespective of the
involved species.

Ehrlichia species share antigenic identities with Escherichia coli grosEL (Sumner et al. 1993) and this could
generate cross-reactive antibodies to E. chaffeensis. Although such cross-reactivity has never been considered
in serosurveys, a weak serologic cross-reactivity has already been demonstrated in serologic tests (Unver et al.
2001). Since poor sanitation is the rule in Piau county this
might be associated with widespread coliform overexposure resulting in antibody response to E. coli cross-reactive to Ehrlichia spp.
The Rickettsia spp. and Coxiella spp. antigenic substrates used in this study derived from yolk sac hens’ egg
but Bartonella and Ehrlichia spp. antigens were obtained
from eucaryotic cells culture. The presence of antinuclear
antibodies (ANA) reactive to eucaryotic cell DNA might
promote unspecific fluorescence and falsely increase the
seroprevalence rates for these last agents. Low titers ANA
can be occasionally detected in normal persons but its
frequency is supposedly low although agrotoxic exposure has been associated with increased occurrence of
ANA (Rosemberg et al. 1999). The use of agrotoxics in the
Piau county is allegedly low and the rates of naturally
occurring ANA is supposedly low everywhere so this
could not be an explanation by itself for the gap of
seroprevalence rates observed for Rickettsia and Coxiella (low) as compared with those for Bartonella and
Ehrlichia (high).
Age over 40 years old was associated with seropositivity for some but not all tested agents. There are divergent reports in the literature on older age as risk factor for
some rickettsial infections with no consensus on this issue. Increased prevalence in children has been suggested
in some studies of R. rickettsii infection (Anstey et al.
1997, Galvão et al. 2002) but the opposite has also been
reported (Lemos et al. 1994, 2001). Older age however has
been more often associated with increased rickettsial seropositivity regardless the involved species (Fan et al.
1987) and it seems reasonable to believe that the longer
the life the higher the possibility of antigenic exposure to
such agents.
Places of residence, slaughtering, milking, cattle contact and horse ownership were not associated with more
seropositivity. R. rickettsii however showed an unexpected result since was less frequent among individuals
with rural professions. E. chaffeensis moreover was more
frequently associated with rural residence compatible with
more frequent tick exposure. No clear-cut between rural
and urban area and rural and non-rural professions in the
Piau county exists and this could explain some discrepancies since many people superpose domestic and recreational tasks that facilitate closer animal and tick contact
irrespective of their profession and residence place. Some
formerly considered risk factors for infections like C.
burnetii, are no longer thought as exclusive sources for
contamination reinforcing the multiple ways of transmission for that particular agent (Pinsky et al. 1991). In this
sense, epidemiological investigation in a recent Q fever
outbreak in French Guiana found an urban rather than
rural pattern of infection distribution (Tran et al. 2002)
reinforcing this new paradigm.
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Multiple/cross reactivity was detected in this study
and such phenomenon has been frequently observed in
serological studies of rickettsial diseases, and usually interpreted as cross-reactivity (Hechemy et al. 1989). Multiple reactivity would represent more than one infection
in the same individual, which is a well-known phenomenon in rickettsial infections once several of such agents
share identical ways of transmission. (Carpenter et al.
1999). Cross-reactivity would be a result of antigenic determinant similarities between the several rickettsial and
non-rickettsial agents, usually suspected by detection of
lower antibody titers. The differentiation between multiple-reactivity and cross-reactivity however is difficult
and cannot be done without cumbersome cross-absorption tests (Hechemy et al. 1983) and it’s also important to
remember that both pathogenic and non-pathogenic rickettsial agents can be responsible for the anti-rickettsial
antibodies repertoire assembly (Raoult & Roux 1997). Extensive multiple/cross-reactivity between phase I and
phase II C. burnetii and between B. henselae and B.
quintana was particularly observed, possibly resulting
from antigenic similarities between them (La Scola & Raoult
1996). The same phenomenon was observed between
Bartonella spp. and E. chaffeensis in this study and such
aspect has already been reported previously (McGill et al.
1998).
Despite the fact that multiple/cross-reactivity observed in this study did not change dramatically the
seroprevalence rates, such findings should reinforce the
need of testing not just one but as many as possible rickettsial antigenic matrices while checking any particular
rickettsial seroposivity rate for epidemiological purposes.
The used method for antibody testing in this study
(IFA) has the same limitations of other serologic methods
added to the subjectivity of the viewer but even though it
has been considered the standard for serosurveys of rickettsial infections (Anstey et al. 1997, Ripoll et al. 1999).
The concomitant testing with another method, especially
Western blotting (Carpenter et al. 1999, Unver et al. 2001,
Galvão et al. 2002) could overcome some consequent pitfalls of studies like this but from the practical standpoint
the majority of published studies have not been testing
more than one method simultaneously (Lemos et al. 1994,
2001, Galvão 2004).
In conclusion, very little is known about rickettsial
diseases other than R. rickettsii infection in Brazil e.g.,
the involved species, prevalence, incidence, geographic
pattern, vectors, hosts, and the existence of human cases.
The data here presented despite their methodological
limitations show evidence of different rickettsial infections
in the studied population making it important to have them
included in the differential diagnosis of the infectious
syndromes occurring in this region and probably in other
parts of the country with similar conditions. Prospective
serologic studies and reliable diagnostic methods should
be set in the future to clear these queries.
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