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Equine neorickettsiosis (EN), also known as Potomac Horse Fever, is a non-contagious
disease caused by the bacterium Neorickettsia risticii of the Anaplasmataceae family. The ob-
jectives of this study were to detect the presence of anti-N. risticii antibodies by the indirect
immunofluorescence assay (IFA) and of its DNA by qPCR in equids at high and low altitude re-
gions in the State of Rio de Janeiro, Brazil, and to identify factors associated with seropositive
equids by multiple logistic regression analysis. The frequency of anti-N. risticii antibodies was
16.05% (n=113/704). The animal age and breeding region were the factors that influenced
the seropositivity rate for N. risticii in the equids (p<0.05). Equids from the lowland region
had higher seropositivity (p<0.05; OR=5.87) compared to those of the mountain region. The
presence of snails on the farm was a factor associated with this result (p<0.05; OR=2.88).
In the lowland region, age of the animal and site of breeding were protective factors for the
detection of antibodies anti-N. risticii in equids, with lower frequency of seropositivity in
younger animals (p<0.05; OR=0.06) and in animals raised in dry areas (p<0.05; OR=0.22).
The presence of the target DNA of N. risticii by qPCR was not observed in any of the samples
tested. The existence of seropositive equids for N. risticii demonstrates a possible circulation
of this agent in the studied area, and that the age related characteristics and equids breeding
region are important factors regarding seropositivity in the State of Rio de Janeiro.

INDEX TERMS: Neorickettsia risticii, equids, Rio de Janeiro, equine monocytic ehrlichiosis, serological

diagnosis, epidemiology.

RESUMO.- [Levantamento epidemiol6gico de Neoricket-
tsia risticii em equideos do Estado do Rio de Janeiro.]
A Neorickettisiose equina (NE), também conhecida como
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Febre do Cavalo de Potomac, é uma doenga nao contagiosa
causada pela bactéria Neorickettsia risticii da familia Ana-
plasmataceae. Os objetivos deste estudo foram detectar a
presenca de anticorpos anti-N. risticii através da reacdo de
Imunofluorescéncia Indireta (RIFI) e do DNA dessa bactéria
através da qPCR em equideos de regides de alta e baixa alti-
tude no Estado do Rio de Janeiro, Brasil; e identificar os fa-
tores associados com a soropositividade dos equideos atra-
vés da andlise de regressao logistica multipla. A frequéncia
de anticorpos anti-N. risticii foi de 16,05% (n=113/704).
Observou-se que a idade e a regido de criacdo foram os
fatores que influenciaram a taxa de soropositividade para
N. risticii nos equideos (p<0,05). Equideos da regido de
baixada apresentaram maior soropositividade (p<0,05;
OR=5,87) quando comparado aos criados em regido de
montanha. A presenca de caramujos na propriedade foi
um fator associado a este resultado (p<0,05; OR=2,88). Na
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regido de baixada, animais mais jovens (p<0,05; OR=0,06),
criados em areas secas (p<0,05; OR=0,22) demonstraram
serem fatores de protegdo na detecgdo de anticorpos anti-
-N. risticii. Nao foi observada a presenca do DNA-alvo de N.
risticii através da qPCR em nenhuma das amostras testa-
das. A existéncia de equideos soropositivos para N. risticii
demonstra a possivel circulacdo desse agente na area es-
tudada, e as caracteristicas inerentes a idade e a regido de
criacao dos equideos sdo fatores importantes relacionados
a soropositividade no estado do Rio de Janeiro.

TERMOS DE INDEXACAO: Neorickettsia risticii, equideos, Rio de
Janeiro, Erliquiose Monocitica Equina, diagnéstico sorolégico,
epidemiologia.

INTRODUCTION

Equine neorickettsiosis (EN), also known as Potomac
Horse Fever, is a non-contagious infectious disease that
affects equines and has as etiological agent Neorickettsia
risticii, previously described as Ehrlichia risticii (Holland
et al. 1985, Dumler et al. 2001, Pusterla et al. 2013). This
microorganism has affinity for monocytes, but also affects
other cells, especially of the colon intestinal epithelium,
mastocytes and macrophages (Rikihisa et al. 1985, Oliver
& Stampfli 2006).

The infection in equines may cause a severe disease
with signs and symptoms of depression, fever, anorexia,
enteritis, watery diarrhea, colic and laminitis, and fatality
rate of the affected animals of up to 30% (Knowles et al.
1983, Holland et al. 1985, Palmer 1993). Abortion cases in
mares caused by N. risticii infection have been described
(Long et al. 1995, Coffman et al. 2008). However, serologi-
cal studies indicate that up to 33% of seroreactive equines
for the bacteria may not develop the disease characteristic
clinical conditions (Goetz et al. 1989, Rikihisa et al. 1990,
Olchowy 1990, Palmer 1993).

Studies demonstrate the possibility of this infection
occur in other mammals, such as goats, dogs, cats, sheep
and cattle, however, their role in the epidemiological cycle
remains unclear (Perry et al. 1989, Pusterla et al. 2001).
The N. risticii transmission to equines occurs orally, by acci-
dental ingestion of infected trematodes (Palmer & Benson
1988). These trematodes use intermediate hosts such as
limnic molluscs and aquatic insects, which may be present
in the water or pastures, favoring the accidental ingestion
by equines (Barlough et al. 1998, Mott et al. 2002, Pusterla
etal. 2003, Gibson et al. 2005).

The diagnosis of EN is performed by clinical symptoma-
tology and serological tests, among them, the indirect im-
munofluorescence assay (IFA), enzyme-linked immunosor-
bent assay (ELISA) and western immunoblotting (Holland
et al. 1985, Dutta et al. 1985). However, many studies in-
dicate the IFA as standard test for diagnosing this agent,
because its practicality and specificity (Dutta et al. 1987,
Holland et al. 1985, Rikihisa & Perry 1985). This method
stands out as one of the main tests used in epidemiological
studies on N. risticii (Atwill et al. 1992, Kiper et al. 1992,
Atwill et al. 1994, 1996).

The isolation of the microorganism can be performed by
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cell cultures and inoculation in laboratory animals (Chae et
al. 2002). Moreover, the use of molecular techniques such
as PCR has been drawn attention as a N. risticii detection
in equine blood samples (Ristic et al. 1986, Biswas et al.
1994, Mott et al. 1997), as well as in tissue samples from in-
vertebrate hosts involved in this agent transmission chain
(Barlough et al. 1998). Quantitative PCR (qPCR) has been
used in molecular detection of different classes of pathogen
microorganisms in humans and animals (Espy et al. 2006),
and developed protocols for target genes present in N. risti-
cii already exists (Pusterla et al. 2000, 2006).

Studies related to infection by N. risticci indicate a gre-
ater incidence of the disease in the summer (Atwill et al.
1992, Goetz et al. 1989, Olchowy 1990). The presence of
large valleys containing rivers, lowland areas with ponds or
irrigation furrows in the equine breeding area also appear
to be factors associated with the disease occurrence (Pal-
mer et al. 1986, Madigan et al. 1997, Dutra et al. 2001). Mo-
reover, the animal race, animal age and gender were indi-
cated as factors related to disease cases (Atwill et al. 1992).

In Brazil, the exposure of equines to N. risticii has been
reported in the State of Rio Grande do Sul, through mole-
cular and serological tests (Dutra et al. 2001, Coimbra et
al. 2006). Serological evidences also indicate the agent cir-
culation among equines of the State of Rio de Janeiro, Sao
Paulo and Santa Catarina (Ferrdo et al. 2007, Moreira et al.
2013). However, there are few studies in Brazil and in the
State of Rio de Janeiro addressing in detail the epidemiolo-
gical aspects related to the agent infection and circulation
among equines. This information is required for the adop-
tion of preventive measures and control of this important
disease in equines.

Thus, the objectives of this study were to detect the
presence of anti-N. risticii antibodies by indirect immu-
nofluorescence assay (IFA) and of this its DNA by qPCR in
equids at high and low altitude regions in the State of Rio
de Janeiro, Brazil, and identify factors associated with the
frequency of seropositive equines for N. risticcii.

MATERIALS AND METHODS

Description of the studied regions. The study was conduc-
ted in properties with equine breeding in two regions of the State
of Rio de Janeiro, a mountain (micro-region of Serrana) and a lo-
wland region (micro-region of Itaguai). Three municipalities were
selected in the lowland region: Itaguai (22251°08”S, 43246’31'W
and altitude of 13 m), Mangaratiba (22°57°36"S, 44°02’27”W and
altitude of 18 m) and Seropedica (22°44’38”S, 43°42’27”W and
altitude of 26 m), and two in the mountain region, Petrépolis
(22930'18”S, 43910'44”W and altitude of 809 m) and Teresépo-
lis (22224°43”S, 42257°57”W and altitude of 910 m). The lowland
region climate is characterized as tropical, with a dry season and
rainy summer (Aw) and the mountain region climate as humid
temperate with dry winter and temperate summer (Cwb), accor-
ding to the classification of Koppen (Pieel et al. 2007).

Sampling. The sample size was determined establishing a
confidence level of 95%, an expected prevalence of 33% for Neo-
rickettsia risticii (Moreira et al. 2013) and an error margin of 5%,
according to the formula described by Sampaio (2002). The mini-
mum number of equids established to sample collection in each
region was 340. Sampling was performed by convenience, collec-
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ting 350 samples in the lowland and 354 in the mountain region,
totaling 704 animals (692 equines and 12 mules).

In each selected property that had equids sampled, the altitude
was recorded and the points georeferenced with Global Positioning
System receivers (GPS). The reference system used was the South
American Datum 1969 (SAD69). The software ARC GIS® 9 ESRI was
used to generate the location map of the studied area (Fig.1).

Sample collection and molecular and serological diagnos-
tic. Serum samples collected from each animal were subjected
to the IFA for detection of anti-N. risticii antibodies (IgG), using
the diagnostic kit (Fuller Laboratories®, USA), with positive con-
trol serum, phosphate buffered saline (PBS) solution as a nega-
tive control and anti-IgG. Serum samples with titers 21:50 were
considered positive. Reactions were performed according to the
manufacturer’s recommendations.

Whole blood samples were collected from each animal and
subjected to DNA extraction using 300pL in the Wizard Genomic
DNA Purification Kit (Promega® Madison, USA), following the
manufacturer’s recommendations. The DNA samples were resus-
pended in 100ul of Tris-EDTA (TE), quantified in a Nanodrop®
ND-2000 spectrophotometer (NanoDrop Technologies, DE, USA),
aliquoted at a concentration of 100 ng/pl and stored at -80°C to
later analysis.

The equine DNA samples were analyzed by qPCR aiming the
amplification of an 85bp fragment of the gene 16S RNA-ribosomal
present in the species N. risticii. The reactions were performed
using the qPCR system StepOnePlus® (Applied Biosystems). The
threshold was standardized with the obtained plates, manually
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assigning from the third cycle after the base fluorescence. The
samples that presented quantification cycle (Cq) less than or
equal to 40 cycles were considered positive. This analysis was
performed using the primers 133f (5’-GTTATTCCCTACTACCAG-
GCAAGTTC-3") and 54r (5-AACGGAATCAGGGCTGCTT-3’) and
probe (5ACGCACCCGTCTGCCACGGGA 3’) (Pusterla et al. 2000)
marked with the reporter dye FAM at the 5’ end and with quench-
er TAMRA at the 3’ end. The final reaction volume was 20uL con-
taining: 10pL TagMan (1x), 0.6uM of each primer, 0.2 uM of probe
and 100ng of total DNA. The thermocycling conditions were: 2
minutes at 50°C, 10 minutes at 95°C and 45 denaturation cycles at
95°C for 15 seconds and annealing-extension at 60°C for 1 minute.
The positive control of the reaction was obtained by DNA extrac-
tion from infected cells by N. risticii, present in the IFA laminae
used in the study. Ultrapure water was used as a negative control.

Epidemiological questionnaire. A semi-structured ques-
tionnaire was applied to the property owners in order to identify
possible factors associated with equids positivity for N. risticii.
The analysis included the breading region (lowland or mountain);
property conditions (poor, moderate, good, or excellent), breed-
ing system (intensive, semi-intensive or extensive); contact with
other farm animals (presence of cattle, goats, pigs and sheep or
no close animals); animal birth origin (born within or outside the
property); animal source origin (State of Rio de Janeiro or out-
side the State/unknown); equids activity (sport/exhibition, rec-
reation/breeding or Farming); gender (male or female); age (<1,
>1<5, >5<10 or >10 years old); animal breed (defined or mixed
breed); presence of snails on the property (yes or no); animal pas-
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Fig.1. Geographic location of collection sites in the lowland (Itaguai, Mangaratiba and Seropédica) and in the mountain region (Petrépo-

lis and Teresopolis) in the State of Rio de Janeiro.
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ture characteristic (dry, few flooded areas, many flooded areas or
presence of rivers, streams and ponds). Information related to the
history of clinical suggestive signs of EN were also investigated,
such as the presence of equids with history or signs of diarrhea
and colic, laminitis or sensitivities and limb edema, and the pres-
ence of equids with fever/depression.

Statistical analysis. The frequency of anti-N. risticii antibod-
ies in the equids was evaluated according to the independent
variables and compared using the chi-square (%?) and/or Fisher’s
exact tests, at 20% of significance level. Variables that had as-
sociation (p<0.20) in the univariate analysis were included for
multiple logistic regression model at 5% significance level. Mul-
tivariate analysis was performed using the Stepwise method, and
the final model was assessed by the Hosmer and Lemeshow test
(p>0.05). This analysis was performed for the total of studied
equids, as well as for the sub-total of each selected region in the
study (mountain and lowland). The R program (R Development
Core Team, 2010) was used for statistical analysis.

A descriptive analysis of the data on seroreactive animals
and/or infected was performed regarding the presence of clinical
signs suggestive of EN.

Institutional ethical license. These procedures were appro-
ved by the Ethics Committee on Research of the Federal Rural Uni-
versity of Rio de Janeiro, under protocol number 364/2013 and
process number 23083.003989/2013-69.

RESULTS

The frequency of seroreactive equids for N. risticii in the
total studied area was 16.05% (n=113/704), with sero-
positivity of 16.18% (n=112/692) in equines and 8.33%
(n=1/12) in mules. Seven independent variables presented
statistical association (p<0.20) with the presence of anti-
-N. risticii antibodies in equids (Table 1). However, after the
logistic regression analysis, the breeding region and the
animal age had the highest associations with the equids se-
ropositivity (Table 2).

Equids bred in the lowland region were 5.87 fold more
likely (p<0.01) being seroreactive for N. risticii compared to
the ones bred in the mountain region in the state of Rio de
Janeiro. This result is reinforced by the higher frequency of
seropositivity of equids in the lowland (26.29%; 92/350),
compared to the mountain region (5.93%; 21/354). Mo-
reover, animals up to one year old were 95% less likely
(p<0.01) to be seroreactive for N. risticii (1.61%; 1/62)
compared to older equids in all selected sub-categories
(>1, >5 and >10 years old), showing that the increase of
risk of contact with the agent is direct related to the time,
the longer the equine live, the higher the chance of contact
with the agent (Table 2).

According to the univariate analysis on the animals in
each region, in the mountain region, the contact with other
farm animals on the property, breeding type, pasture cha-
racteristics, animal activity, animal birth origin, age, breed
and the animal source origin, were associated (p<0.20)
with equids seropositivity against N. risticii. However, there
was no association of these factors after multivariate analy-
sis (data not shown).The significant results of the variables
in the regression model of the seropositive equids for N.
risticii in the lowland region, showed that the presence of
snails, animal pasture characteristic and animal age were
factors associated (p<0.05) with seropositivity of animals
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(p<0.05) differently from the results found in the mountain
region (Table 3). Equids bred in properties with the pre-
sence of snails were 2.88 fold more likely to be seroreactive
for N. risticii, and those bred in dry pastures, had 78% less
chance of being seroreactive for N. risticii compared to tho-
se bred in wetlands or with the presence of ponds, rivers
or lakes. Similarly to the results found in the multivariate
analysis, regardless of the region studied, the animal age
was an important factor associated with the equids sero-
positivity bred in the lowland region (p<0.001; OR=0.06,
CI=0.01 to 0.50) (Table 3).

All regression models obtained were significant
(p<0.01) and the quality of the models was satisfactory,
as shown by the results of the Hosmer-Lemeshow test
(p>0.05), performed for each model tested.

The Table 4 show the aspects related to the signs sug-
gesting N. risticii infection in the evaluated equids depen-
ding on the seropositivity of animals. From the 113 seropo-
sitive equidae for N. risticii, 4.42% (n=5) had at least one of
the clinical signs suggesting EN. The equids seropositivity
for N. risticii could not be related to the clinical signs obser-
ved due to the low frequency of these signs.

The molecular test did not amplified the target DNA to
N. risticii in equids of the studied regions.

DISCUSSION

Serological evidences shows the circulation of N. risticii,
with clinical case occurrences found in the South and Sou-
theast regions of Brazil (Coimbra et al. 2005, Ferrao et al.
2007). In the state of Rio de Janeiro, studies have shown va-
riation in frequency of seroreactive equines for Neorickett-
sia risticii (Ferrdo et al. 2007, Moreira et al. 2013). The EN
possibly occurs in other regions of the country with similar
characteristics of the regions here studied.

Researches have shown that in the USA the prevalen-
ce of anti-N. risticii antibodies ranges from 7.5% to 76%
depending on the region, the time of year and the equine
population studied (Atwill et al. 1996, Kipper et al. 1992,
Gordon et al. 1988, Goetz et al. 1989). The seroprevalence
of N. risticii has also been reported in Canada, Europe and
Australia (Palmer et al. 1986, Breider & Henton 1987, Ri-
kihisa 1998).

The frequency of seropositive equids observed in the
present study was below that obtained in other studies
(Olchowy et al. 1990, Crawford & Dilbeck 1988), however,
a similar result was observed by Goetz et al. (1989) with
prevalence of 16.75% of seropositive equines to N. risticii
in Illinois, through the IFA, and by Rikihisa et al. (1990),
with seroprevalence of 19%, without clinical signs of EN.

On the other hand, Gordon et al. (1988) observed se-
roprevalence of 64.9% in equines with clinical signs sug-
gesting EN, in the USA. In Brazil, Ferrado et al. (2007) found
positivity in 79% of equines from metropolitan and moun-
tain regions in the State of Rio de Janeiro, with clinical signs
suggesting with EN, using the IFA.

The animal age and breeding region of equids were the
main factors associated with seropositivity for N. risticii.
These results were similar to those reported by Madigan et
al. (1989), who found a higher prevalence of antibodies in
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Table 1. Univariate analysis of factors associated with the frequency of anti-
Neorickettsia risticii antibodies in equids of a mountain (Serrana micro-region) and a
lowland region (Itaguai micro-region) of the State of Rio de Janeiro

Animal characteristics N Descriptive analysis Univariate analysis
n (%) Cl de 95% X2 P
Region
Lowland 350 92 2629 (21.67-30.90) 54.10 0.00
Mountain 354 21 5.93 (3.47-8.39)
Property conditions (installation and management)
Poor 183 33  18.03 (12.46-23.60)
Moderate 131 26 19.84 (13.02-26.68) 4.01 0.25
Good 269 40 14.87 (10.62-19.12)
Excellent 121 14 11.57 (5.87-17.27)
Breeding system
Extensive 151 25 16,56 (10.63 -22.48) 1.59 045
Semi-intensive 502 83 16.53 (13.28-19.78)
Intensivo 51 5 9.80 (1.64-17.97)
Contact with other farm animals
Yes 221 41 1855 (13.43-23.68) 149 0.22
No 483 72 1491 (11.73-18.08)
Presence of snails on the property
Yes 104 24 23.08 (14.98-31.17) 4.47 0.03
No 600 89 1483 (11.99-17.68)
Animal pasture characteristic
Dry 172 17 9.88  (5.42-14.34) 10.08 0.01
Few flooded areas 333 55 16,52 (12.53-20.50)
Many flooded areas 108 26 24.07 (16.01-32.14)
Presence of rivers, streams and ponds 91 15 1648 (8.86-24.11)
Genders
Female 291 53 1821 (13.83-22.72) 1.72  0.18
Male 413 60 14.53 (11.13-17.93)
Age
<1 years old 62 1 1.61 (0.01-4.75) 11.45 0.00
>1<5 years old 175 28 16.00 (10.57-21.43)
>5< 10 years old 272 46 1691 (12.46-21.37)
>10 years old 195 38 1949 (13.93-25.05)
Animal breed
Mixed breed 251 46 1833 (13.54-23.11) 149 0.22
Defined breed 453 67 1479 (11.52-18.06)
Animal birth origin
Born outside the property 491 78 15.89 (12.65-19.12) 0.03 0.85
Born in property 213 35 1643 (11.46-21.41)
Animal source origin
State of Rio de Janeiro 527 74 14.04 (11.08-17.01) 6.28 0.01
Outside the State/Unknown 177 39 22.03 (15.93-28.14)
Equids activity
Sport/exhibition 317 47  14.83 (10.91-18.79) 1.04 0.59
Recreation/breeding 276 45 1630 (11.95-20.66)
Farming 111 21 1892 (11.63-26.21)
TOTAL 704 113  16.05 (13.34-18.76) - -

N = number of animals examined by IFA; n = Number of positive animals; (%) = Positive percentage; x* =
chi-square test; p = p-value; CI = Confidence interval.

older animals, and Atwill et al. (1992), who found higher se-
ropositivity in animals older than 10 years, with peak of an-
tibodies in the 12 years old. The animals up to one-year-old
in the present study had a 5% chance of seropositivity. These
results can be justified by the probability increase of a sus-
ceptible host to meet a vector infected by N. risticii over time,
and attributed to the fact that most of these animals are still
breast-feeding, which further limit their contact with pastu-
re or water source with the presence of N. risticii vectors.
The association (OR: 5.87; IC: 3.55 to 9.73) of equids bre-
eding in the lowland region with seropositivity for N. risticii
corroborates the results obtained by Atwill et al. (1994) in

New York, who found occurrence of this agent directly in-
fluenced by the altitude of the equine breeding properties,
showing that the largest amount of river valleys in low altitu-
de areas favors the presence of N. risticii vectors. This result is
supported by the present study, in which breeding in pastures
not flooded or without the presence of lakes and rivers in the
surrounding area showed a protective factor against N. risticii.

According to some authors, the access to rivers, lakes, re-
servoirs and irrigation canals by the animals is a risk factor
for infection with N. risticii (Palmer et al. 1986, Madigan et
al. 1997, Dutra et al. 2001), due to the contact with inter-
mediate hosts that carry this agent in these environments

Pesq. Vet. Bras. 36(10):939-946, outubro 2016
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Table 2. Logistic regression model (Stepwise method) of factors associated with the
frequency of anti-Neorickettsia risticii antibodies in equids of a mountain (Serrana
micro-region) and a lowland region (Itaguai micro-region) of the State of Rio de Janeiro

Independent Variables N Positive Multivariate Analysis
n (%) C(B) SE P OR CI95%
Region
Lowland 350 92 26.29 1.77 0.25 0.00 587 (3.55-9.73)
Mountain 354 21 593 * * * * *
Age
<1 years old 62 1 1.61 -2.83  1.02 0.00 0.05 (0.01-0.44)
>1<5 years old 175 28 16.00 -0.23 0.28 041 0.79 (0.45-1.38)
>5< 10 years old 272 46 1691 -0.17  0.25 0.49 0.84 (0.51-1.38)
>10 years old 195 38 19.49 * * * * *
Model constant ** - - - -2.54 0.27 0.00 - -

N = number of animals; n = Number of positive animals; (%) = Positive percentage; C (3) = Model coeffi-
cient; SE = Standard error; P = p-value; OR = Odds Ratio; CI = Confidence interval. *Reference category.
** Hosmer and Lemeshow test (p=0.93).

Table 3. Logistic regression model (Stepwise method) of factors associated with the
frequency of anti-Neorickettsia risticii antibodies in equids of a lowland region (Itaguai
micro-region) of the State of Rio de Janeiro

Independent Variables N Positive Multivariate Analysis
n (%) C(R) SE P OR CI195%
Animal pasture characteristic
Dry 172 17 9.88 -1.47 0.63 0.02 0.22 (0.06-0.78)
Few flooded éreas 333 55 16.52 035 037 033 142 (0.69-2.94)
Many flooded areas 108 26 24.07 * * * * *
Presence of rivers, 91 15 16.48 -0.18 040 0.65 0.83 (0.37-1.84)
streams and ponds
Presence of snails on the property
Yes 104 24 23.08 1.06 039 0.01 2.88 (1.33-6.24)
No 600 89 14.83 * * * * *
Gender
Female 152 46 303 039 026 013 148 (0.88-2.50)
Male 198 46 232 * * * * *
Age
<1 years old 62 1 1.61 -2.71  1.04 0.00 0.06 (0.01-0.50)
>1<5 years old 175 28 16.00 -0.21 033 0.52 0.80 (0.41-1.56)
>5< 10 years old 272 46 1691 -0.32 029 0.27 0.72 (0.40-1.29)
>10 years old 195 38 19.49 * * * * *
Model constant ** - - - -1.18  0.40 0.00 - -

N = Number of animals; n = Number of positive animals; (%) = ositive percentage; C (3) = Model coeffi-
cient; SE = Standard error; P = p-value; OR = Odds Ratio; CI = Confidence interval. *Reference category.

**Hosmer and Lemeshow test (p=0.51).

(Pusterla et al. 2000, Coimbra et al. 2005). Thus, equines
that have access to pastures that have wetlands, swamps,
containing rivers, lakes or ponds, are more likely to be sero-
positive for N. risticii (Perry et al. 1986, Olchowy etal. 1990).
The equids breeding system was not associated with se-
ropositivity for N. risticii, however, the equids bred in inten-
sive system had lower frequency of positivity. Although the
study Kiper et al. (1992) have not listed the risk factors for
EN, the authors point out the equine breeding in stable or
intensive systems as a protective factor compared to those
bred extensively, since the intensive system decreases the
access of animals to pasture areas and the contact with the
agent. Some of the studied stabled animals received feed
of Brachiaria purpurascens, which develops in the regional
wetlands (Boddan 1977), thus, they could be more likely
to be contaminated with intermediate hosts of N. risticii.
Therefore, the intensive breeding system alone was not a
protective factor to the agent in these evaluated animals.
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The presence of snails in properties of the lowland re-
gion proved to be a risk factor (OR: 2.88; IC:1.33 to 6.24)
for the presence of antibodies against N. risticii in equids.
The N. risticii transmission to the equine occurs orally, by
accidental ingestion of trematodes infected by this bacte-
rium (Barlough et al. 1998, Park et al. 2003, Pusterla et al.
2000). These trematodes have as intermediate hosts, lim-
nic molluscs and aquatic insects (Pusterla et al. 2000, Chae
et al. 2003). The snail species Juga yrekaensis, Elimia lives-
cens and Planorbella subcrenata are indicate in some stu-
dies as molluscs involved in the disease transmission chain
in the US (Barlough et al. 1998, Kanter et al. 2000, Pusterla
etal. 2001). In Brazil, only species from the genre Heleobia
sp was found infected by N. risticii in the Southern region of
the country (Coimbra et al. 2006). A survey conducted by
Thiengo et al. (2001), found several snail genres in the Ita-
guai micro-region, including Heleobia sp. Thus, the presen-
ce of snails that participate in the EN transmission chain in



Epidemiological survey of Neorickettsia risticii in equids from the State of Rio de Janeiro 945

Table 4. Frequency of seropositive equids for Neorickettsia
risticii according to historical or diarrhea and colic signs,
of the presence of equids with laminitis or sensitivities
and limb edema or for the presence of equids with fever/
depression in the lowland region of State of Rio de Janeiro

Clinical signs suggestive of infection by N. risticii Positive (n=113)

n (%)

Laminitis/sensitivity in the limbs

Yes 1 0.88

No 112 99.12
Historic or diarrhea signs / Colic

Yes 1 0.88

No 112 99.12
Fever / Depression

Yes 4 3.53

No 109 96.46
At least one of the signs suggestive of
infection by N. risticii

Yes 5 4.42

No 108 95.57

N = Number of positive animals; (%) = Positive percentage.

this micro-region could justify the higher seropositivity for
N. risticii in the equine.

No specific factor that could be influencing the sero-
positivity in equines of the mountain region was possible
to point out through multivariate analysis. However, the
animal birth origin was the factor with nearest significan-
ce (p=0.06), with seropositivity frequency of 6.78 fold hi-
gher in equids born outside the property (7.30%) compa-
red to those born on the property (1.25%). This trend is
reinforced by the higher frequency of seropositive equids
(11.0%) for N. risticii on animals with birth origin outside
the State of Rio de Janeiro or from unknown birth origins.
Dutra et al. (2001) found that animals from farms with no
history of the disease introduced into properties with EN
history, eventually developed signs suggestive of N. risticii
infection. Therefore, the results obtained in the mountain
region by multivariate analysis indicate the possibility that
the positive animals, at least in this region of the State, may
have acquired or have had contact with the agent in other
regions from within or outside the country.

The molecular diagnosis did not show any animal with
N. risticii. The qPCR technique has high sensitivity and spe-
cificity, as found in assays targeting this microorganism
(Pusterla et al. 2003). The negative result by molecular
technique can be explained by the short period of parasi-
taemia. In an equine experimental infection by N. risticii,
the parasitaemia period was about 28 days (Rikihisa et al.
1993). Thus, despite many of the equids (n=113) have pre-
sented antibodies titers to N. risticii, does not characterize
infection at the time of collection, but immune response
due to prior contact with N. risticii. Studies have shown
that even after long periods of acute infection, some ani-
mals may have elevated titers to this agent (Palmer 1993).

The absence of infection in these animals is also con-
firmed by the absence of association with characteristic
clinical signs of EN. The evaluation of clinical parameters
and some physiological disorders were considered as an
important tool for assist the differential diagnosis of this
disease, since animals that presented signs suggestive of

infection by N. risticii, such as depression, fever, limb ede-
ma, dehydration and colic and diarrhea syndrome (Dutta
et al. 1985, Mulville 1991, Dutra et al. 2001, Bertin et al,
2013), did not necessarily present infection by this agent.

CONCLUSIONS

The existence of seropositive equids for Neorickettsia
risticii indicates the circulation of this agent in the State of
Rio de Janeiro.

The animal age and breeding region are factors associa-
ted with seropositivity of animals.

Particularly in the lowland region (Itaguai micro-region)
in the State of Rio de Janeiro, the flooded pasture areas, the
presence of lakes and rivers in the surroundings and the
presence of snails in the equids breeding grazing area are
factors associated with equids seropositivity for N. risticii.

New and more detailed molecular studies are needed to
evaluate the possible circulation of N. risticii in equids, as
well as to identify possible vectors related to the epidemio-
logical chain of EN in Brazil.
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