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Ehrlichia and Anaplasma species are tickborne bac-
teria that infect animals and humans worldwide. 

To date, 6 Ehrlichia species have been described (E. ca-
nis, E. chaffeensis, E. ewingii, E. muris, E. ruminantium, 
and E. minasensis), and 8 Anaplasma species have been 
described (A. bovis, A. capra, A. centrale, A. marginale, 
A. odocoilei, A. ovis, A. platys, and A. phagocytophilum). 
In addition, other native Ehrlichia species have been 
described in wild animals from Brazil (1).

Although capybaras (Hydrochoerus hydrochaeris), 
the largest living rodents in the world, have been im-
plicated as a major amplifying host of Rickettsia rick-
ettsii (the etiologic agent of Brazilian spotted fever) for 
Amblyomma sculptum ticks, studies focusing on other 
tickborne diseases agents are lacking in this rodent. 
Accordingly, we conducted a comprehensive survey 
for the detection of Ehrlichia and Anaplasma species in 
a population of capybaras from Pinhais Municipality, 
Paraná State, southern Brazil.

We retrieved blood samples from 17 capybaras 
and salivary glands from 11 Amblyomma dubitatum 
ticks from these capybaras that were collected for 
a previous study conducted in southern Brazil (2). 
We screened blood samples by using PCR targeting 
of the 16S rRNA gene of Ehrlichia and Anaplasma 
(3,4). We then tested samples positive by PCR by 
using PCR that targeted a fragment of the dsb and 
sodB genes of Ehrlichia species (1,5) and the groEL 
gene of Ehrlichia and Anaplasma species (6). We 
used blood samples from dogs positive for E. canis 
as positive controls and nuclease-free water sam-
ples as negative controls.

The Ehrlichia 16S rRNA PCR assay yielded am-
plicons in 16/17 (94.12% [95% CI 73.02%–98.95%]) 
capybaras, from which we generated amplicons by 
the sodB PCR (300 bp) and groEL PCR (1,100 bp) as-
says. No sample yielded amplicon by the dsb PCR 
assay. We sequenced amplicons obtained from 4 16S 
rRNA, 5 sodB, and 4 groEL PCR-positive samples 
in both directions by using the Sanger method. We 
submitted all nucleotide sequences obtained to Gen-
Bank (Appendix, https://wwwnc.cdc.gov/EID/
article/28/2/21-0705-App1.pdf).

We observed infestations by A. dubitatum ticks 
in all capybaras, from which we collected 26 males, 
16 females, and 122 nymphs. Among salivary glands 
from 11 adult ticks, 1 (9.09%) tested positive for Eh-
rlichia species by the 16S rRNA PCR. However, multi-
ple attempts to sequence the 16S rRNA gene detected 
in tick salivary glands were unsuccessful because of 
the faint bands.

We observed neither abnormalities nor inclusion-
like bodies of Ehrlichia or Anaplasma during the evalu-
ation of Giemsa-stained thin blood smears of the 
capybaras. We tested Ehrlichia antibodies in capybara 
serum samples with an indirect immunofluorescent 
assay using E. canis (São Paulo and Cuiabá strains) 
as antigens; serum samples were positive if reacting 
at a dilution >1:40 (7). A total of 6/17 (35.29% [95% 
CI 17.31%–58.70%]) capybaras showed antibodies 
against >1 of the E. canis antigens. When we used 
the Cuiabá strain of E. canis as antigen, 4/17 (23.53% 
[95% CI 9.56%–47.26%]) capybaras were seropositive, 
whereas 6/17 (35.29%) were positive when we used 
the São Paulo strain. Four capybaras were seroposi-
tive for both E. canis strains. Antibody endpoint titers 
ranged from 40 to 640 for both E. canis antigens.

According to serologic testing, PCR amplifi-
cation, and DNA sequencing results, A. dubitatum 
tick–infested capybaras in southern Brazil may be 
infected with a novel Ehrlichia agent and a novel 
Anaplasma species. Serologic screening showed  
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We amplified Ehrlichia and Anaplasma DNA from Am-
blyomma dubitatum tick–infested capybaras (Hydro-
choerus hydrochaeris) in southern Brazil. Sequencing of 
16S rRNA, sodB, and groEL indicated a novel Ehrlichia 
species, and sequencing of 16S rRNA from 2 capybaras 
indicated a novel Anaplasma species. The tick vectors 
remain unknown.



exposure to Ehrlichia species in 35% of the capy-
baras. A previous study failed to detect Ehrlichia 
DNA in spleen tissue of capybaras from southeast-
ern Brazil (8), and we know of no previous study of 
Anaplasma species that has been performed in this 
rodent species.

Partial sequences of 16S rRNA and 2 protein-
coding genes (sodB and groEL) obtained from capy-
baras indicate a novel Ehrlichia species. Partial 16S 
rRNA gene sequences from capybara no. II showed 
that the detected Ehrlichia agent shared 95.67% 
identity with A. phagocytophilum, whereas se-
quences from capybara no. III showed that the de-
tected Ehrlichia agent shared 94.28% identity with 
E. chaffeensis. Partial sodB genes showed 82.23%–
85.07% identity with E. chaffeensis or E. ruminan-
tium, whereas partial groEL genes showed identity 
with 76.52% with A. phagocytophilum. A previous 

study stated that different bacterial isolates show-
ing <97% similarity in the 16S rRNA gene belong 
to different species (9). In addition, protein-coding 
genes should be used in addition to the 16S rRNA 
gene for identification of novel species (10). Our ge-
netic findings support the infection of capybaras in 
Brazil with a novel Ehrlichia species, herein named 
Candidatus Ehrlichia hydrochoerus (Figure).

Partial sequences of 16S rRNA gene obtained 
from capybaras VI and VII demonstrated a novel 
Anaplasma species. Partial 16S rRNA gene sequences 
showed identity of 96.76% with Anaplasma sp. detect-
ed in dogs from the Philippines and 97.93% with A. 
phagocytophilum, with 100% query coverage. Bayesian 
inference showed that the capybara Anaplasma spe-
cies detected was related to A. odocoilei from North 
America, which indicates a novel Anaplasma species 
infecting capybaras in Brazil.
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Figure. Phylogenetic analysis of 16S rRNA, sodB, and groEL partial sequences of Candidatus Ehrlichia hydrochoerus and Anaplasma 
spp. obtained from capybaras (Hydrochoerus hydrochaeris), southern Brazil. These sequences (in bold) and those of other Ehrlichia 
and Anaplasma species were aligned using MAFFT 7.110 (https://mafft.cbrc.jp/alignment/server). Phylogenetic analyses of each gene 
were based on Bayesian inference using Beast version 1.8.4 (https://beast.community/index.html). We performed 3 independent 
runs of 100 million generations of Monte Carlo Markov chain with 1 sampling/10,000 generations and a 10% burn-in. We estimated 
substitution models as generalized time reversible plus gamma for 16S rRNA (A), Hasegawa–Kishino–Yano plus gamma for sodB (B), 
and Tamura–Nei plus gamma for groEL (C) genes on the basis of Akaike information criterion by using jModeltest version 2.1.10 (https://
github.com/ddarriba/jmodeltest2/releases/tag/v2.1.10r20160303). The tree was rooted with Rickettsia rickettsii (GenBank accession 
nos. CP000766.3 and CP018913.1). Complete GenBank accession numbers are listed in the Appendix (https://wwwnc.cdc.gov/EID/
article/28/2/21-0705-App1.pdf). Scale bar indicates number of substitutions per site. Ca., Candidatus.
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Dirofilaria immitis is a parasite related to pulmonary diro-
filariasis in humans, its accidental hosts. We detected an 
autochthonous case of D. immitis infection in a woman 
from Slovakia. The emergence and spread of this para-
site in Europe indicates a critical need for proper diagno-
sis of infection.
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Appendix Table. Anaplasma and Ehrlichia species and their GenBank accession numbers used for the Bayesian phylogenetic tree*  
Species 16S GroEL sodB 
Anaplasma sp. from H. hydrochaeris VI - Brazil MW785881.1 NA NA 
Anaplasma sp. from H. hydrochaeris VII - Brazil MW785882.1 NA NA 
‘Ca. Ehrlichia hydrochoerus’ from H. hydrochaeris I - Brazil NA MW816651.1 OK236545.1 
‘Ca. Ehrlichia hydrochoerus’ from H. hydrochaeris II - Brazil MW785879.1 NA MW816538.1 
‘Ca. Ehrlichia hydrochoerus’ from H. hydrochaeris III - Brazil MW785880.1 MW816652.1 MW816537.1 
‘Ca. Ehrlichia hydrochoerus’ from H. hydrochaeris IV - Brazil NA MW816653.1 MW816536.1 
‘Ca. Ehrlichia hydrochoerus’ from H. hydrochaeris V - Brazil NA MW816654.1 MW816535.1 
‘Ca. Anaplasma camelii’ - Saudi Arabia KF843825.1 NA NA 
Anaplasma centrale - Israel CP001759.1 CP001759.1 CP001759.1 
Anaplasma marginale str. Dawn - USA CP006847.1 CP006847.1 CP006847.1 
Anaplasma marginale str. Florida - USA CP001079.1 CP001079.1 CP001079.1 
Anaplasma odocoilei from O. vurginianus - USA JX876644.1 JX876642.1 NA 
Anaplasma ovis - USA CP015994.2 CP015994.2 CP015994.2 
Anaplasma phagocytophilum str. Dog2 - USA CP006618.1 CP006618.1 CP006618.1 
Anaplasma phagocytophilum str. JM - USA CP006617.1 CP006617.1 CP006617.1 
Anaplasma phagocytophilum str. Norway variant1 - Norway CP046639.1 CP046639.1 CP046639.1 
Anaplasma phagocytophilum str. Norway variant2 - Norway CP015376.1 CP015376.1 CP015376.1 
Anaplasma platys - Saint Kitts and Nevis CP046391.1 CP046391.1 CP046391.1 
‘Ca. Erlichia khabarensis' from M. rufocanus - Russia NA FJ966351.1 NA 
‘Ca. Ehrlichia regneryl' from Camel - Saudi Arabia KF843826.1 NA NA 
‘Ca. Ehrlichia shimanensis' - Japan NA AB074462.1 NA 
Ehrlichia canis str. Jake - USA CP000107.1 CP000107.1 CP000107.1 
Ehrlichia canis str. YZ-1 - China CP025749.1 CP025749.1 CP025749.1 
Ehrlichia chaffeensis str. Arkansas - USA CP000236.1 CP000236.1 CP000236.1 
Ehrlichia chaffeensis str. Jax - USA CP007475.1 CP007475.1 CP007475.1 
Ehrlichia chaffeensis str. West Paces - USA CP007480.1 CP007480.1 CP007480.1 
Ehrlichia minasensis from R. microplus - Brazil CDGH01000025.1 QOHL01000018.1 CDGH01000066.1 
Ehrlichia muris - Japan CP006917.1 CP006917.1 CP006917.1 
Ehrlichia ruminantium str. Gardel - South Africa CR925677.1 CR925677.1 CR925677.1 
Ehrlichia ruminantium str. Springbokfontein7 - South Africa CP040111.1 CP040111.1 CP040111.1 
Ehrlichia sp. AS from A. sculptum - Brazil NA NA MW070031.1 
Ehrlichia sp. AS from horse I - Brazil MT514732.1 MT191353.1 NA 
Ehrlichia sp. from horse - Brazil NA MG385128.1 MG385129.1 
Ehrlichia sp. H7 from horse - Nicaragua KJ434178.1 KJ434179.1 KJ434180.1 
Ehrlichia sp. HF - Japan CP007474.1 CP007474.1 CP007474.1 
Ehrlichia sp. P-Mtn - USA NA NA KC702804.1 
Ehrlichia sp. str. L8 from A. tigrium - Argentina NA MN266482.1 NA 
*NA, not available (missing sequences). 
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