












































































































First Detection of Ehrlichia canis in Cerebrospinal Fluid From
a Nonthrombocytopenic Dog with Meningoencephalitis By

Broad-Range PCR

G. Kaewmongkol, P. Maneesaay, N. Suwanna, B. Tiraphut, T. Krajarngjang,
A. Chouybumrung, S. Kaewmongkol, T. Sirinarumitr, S. Jittapalapong, and S.G. Fenwick
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A 10-year-old, 4.4 kg, intact female poodle presented
with clinical signs of weakness in both hind limbs

in May 2013 at the Veterinary Teaching Hospital,
Kasetsart University, Bangkok, Thailand. The dog had
a mild fever (39.5°C) and demonstrated hyperesthesia in
the lumbar area. Radiographic imaging showed normal
appearance of the spine and intervertebral disk spaces.
A CBC was within reference ranges. An antipyretic
drug, tolfenamic acid, was administered once SC (4 mg/
kg), combined with an analgesic drug, tramadol, admin-
istered PO (3 mg/kg). The mild fever improved within
24 hours, but the dog still had signs of weakness in the
hind limbs and hyperesthesia in the lumbar area. Inter-
vertebral disk disease at the lumbo-sacral area initially
was diagnosed, and anti-inflammatory doses of a corti-
costeroid were given for 7 days, after which the clinical
signs of weakness in both hind limbs had slightly
improved. A month after treatment, in June 2013, there
were no signs of hind limb weakness, but recurrence of
the same clinical signs occurred for 3 months from June
to August 2013, and intermittent 7-day courses of a cor-
ticosteroid were prescribed at subsequent monthly re-
evaluations. On 10th September 2013, the dog was hos-
pitalized with clinical signs of hyperesthesia along the
vertebral column and neurologic deficits, including dis-
oriented mental status, unilateral palpebral reflex deficit,

and vestibular and cerebellar ataxia. These findings sug-
gested multifocal brain lesions with progressive loss of
neurologic functions. A CBC disclosed leukocytosis
(26 000 cells/lL) with left shift and mild anemia (hema-
tocrit, 26.8%). Platelet numbers and other blood bio-
chemistry results were normal. Infectious encephalitis
was suspected based on the clinical signs and leukocyto-
sis. A sample of cerebrospinal fluid (CSF) was submit-
ted to the diagnostic laboratory for standard bacterial
culture and cytologic examination. The results of CSF
culture for bacteria using standard techniques were neg-
ative. Subsequently, a broad-range nested PCR target-
ing the 16S rRNA gene was performed to confirm
bacterial meningoencephalitis. The dog was treated with
amoxicillin/clavulanic acid (30 mg/kg, PO q12h), dex-
amethasone (0.05 mg/kg, PO q12h), dimenhydrinate
(8 mg/kg, PO q12h), and vitamin B.

DNA was extracted from the CSF sample for the
PCR using a DNA extraction Kita according to the
manufacturer’s instructions. A previous study described
conserved sequences of the 16S rRNA gene of bacteria
that were used for the next-generation DNA sequencing
(pyrosequencing)1. In the current study, we modified
these regions to develop the PCR primers for our novel
nested PCR, targeting the 16S rRNA gene (16S rDNA).
The analytical sensitivity of the nested broad-range
PCR was determined by testing 10 serial 10-fold dilu-
tions of DNA extracted from Escherichia coli, Staphylo-
coccus spp., Streptococcus spp., Pseudomonas spp.,
Klebsiella spp., and Proteus spp. The dilutions used ran-
ged from 106–10�3 bacterial colony-forming units
(CFU/mL) and the concentration of DNA extracted
from each dilution was measured by spectropho-
tometer.b The lowest dilution detected by the PCR
was 10�3 CFU/mL from all bacteria analyzed in this
study. DNA concentrations of the lowest dilution
(10�3 CFU/mL) ranged from 0.5–1.9 ng/lL.

The 16S rDNA primers for the primary PCR consisted
of V1-F (50 AGAGTTTGATCCTGGCTCAG 30) and
V9-R (50 GNTACCTTGTTACGACTT 30). The reaction
for the primary PCR was performed using 1 lL of DNA
in a 25 lL reaction containing 19 PCR buffer, 2 mM
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MgCl2, 0.2 mM dNTPs, 1 lM of each primer, and
0.04 U/lL Taq DNA polymerase.c The cycling condi-
tions consisted of a pre-PCR step of 95°C for 5 minutes,
followed by 40 cycles of 95°C for 60 seconds, 50°C for
60 seconds, and an extension of 72°C for 90 seconds,
with a final extension of 72°C for 10 minutes. Expected
length of the primary PCR product was 1400 bp. PCR
primers for the secondary PCR consisted of V3-F (50

ACTCCTACGGGAGGCAGCAG 30) and V6-R (50

CGACAGCCATGCANCACCT 30), also modified from
a previous study.1 The reaction for the secondary PCR
was performed using 1 lL of DNA in a 25 lL reaction
containing 19 PCR buffer, 2 mM MgCl2, 0.2 mM
dNTPs, 1 lM of each primer, and 0.04 U/lL Taq DNA
polymerasec. The cycling conditions consisted of a pre-
PCR step of 95°C for 5 minutes, followed by 45 cycles
of 95°C for 60 seconds, 55°C for 45 seconds and an
extension of 72°C for 45 seconds with a final extension
of 72°C for 10 minutes. Expected length of the sec-
ondary PCR product was approximately 700 bp. All
PCR products were purified from agarose gel slices using
a DNA purification kit.d Sequencing was performed
using a Terminator Cycle Sequencing kite in an Applied
Biosystems 3730 DNA Analyzer, following the manufac-
turer’s instructions. The 16S rDNA sequence was ana-
lyzed by the Basic Local Alignment Search Tool
(BLAST). Bacterial 16S rDNA was detected in the CSF
by PCR, and the DNA sequence derived from the PCR
product was most closely related to Ehrlichia canis in the
GenBank database, accession number KC479024, with
99% identity.

Cerebrospinal fluid analysis disclosed an increased
protein concentration (197 mg/dL; reference range, 0–
30 mg/dL) and mixed cell pleocytosis (34/lL; reference
range, 0–5/lL). Cytologic findings included nondegener-
ative neutrophils, small lymphocytes, mononuclear cells,
and macrophages with engulfed red cells, fat droplets,
or both. In addition, intracytoplasmic inclusion bodies,
consistent with Ehrlichia spp. morulae, were found in
mononuclear cells. These findings indicated possible
meningoencephalitis caused by E. canis (Fig 1).

Following the infrequent findings from the BLAST
algorithm and CSF analysis, a suicide PCR protocol
was adopted to confirm the organism’s genetic identity
and to prevent cross-contamination of 16S rDNA
amplicons.2 The suicide PCR protocol to overcome the
issue of contamination in PCR reactions was first
described in a study of the causative agent of the Black
Death that killed millions in Western Europe during the
14th century.2 False-positive PCR results commonly
occur in ancient human remnants which have been
exposed to and colonized by modern saprophytic micro-
flora. Second and third primer pairs from novel loci
were included in the protocol to confirm the identifica-
tion of Yersinia pestis DNA in the ancient human speci-
mens.2 However, to avoid PCR amplicon cross-
contamination, Good Laboratory Practice is most
important and should not be replaced by the suicide
PCR procedure. The suicide PCR was adopted in this
study to confirm the unexpected finding of E. canis
DNA in the CSF of this unusual clinical case and to

rule out potential cross-contamination of the 16S rRNA
amplicons. The amplification of a novel gene, the gp36
of E. canis, was performed once without the addition of
a positive control. This novel locus had never been
amplified previously and was targeted only once with
fresh primers. The suicide PCR protocol confirmed that
detection by the 16S PCR had not resulted from cross-
contamination in our laboratory.

The PCR targeting the gp36 locus of E. canis was
performed and DNA sequencing of the resulting PCR
product was completed after the first amplification.
PCR primers for the gp36 gene, EC36-F1 (50-
GTATGTTTCTTTTATATCATGGC-30) and EC36-R1
(50-GGTTATATTTCAGTTATCAGAAG-30) were used
based on a previous study.3 Nucleotide sequences gen-
erated for both loci were analyzed by Chromas lite
version 4.0 (http://www.technelysium.com.au) and
aligned with reference sequences from E. canis from
GenBank using Clustal W (http://www.clustalw.
genome.jp). A phylogenetic tree of the gp36 gene was
constructed by the distance method and the program
Mega version 5.1.f

The 16S rRNA and gp36 loci sequences were submit-
ted to GenBank with accession numbers KM879929
and KM879930, respectively. A neighbor-joining phylo-
genetic tree of the gp36 gene was constructed and indi-
cated that the E. canis-like genotype detected in the
present study was closely related to other validated
genotypes reported from Israel, Brazil, United States,
Spain, and Nigeria (89.5–96.1% identity; Fig 2). These
genotypes were classified as E. canis cluster A in a pre-
vious report.4 However, the dog died before advanced
brain imaging was performed. The molecular diagnosis
and CSF cytology results were recorded subsequently.

Fig 1. Photomicrograph of cerebrospinal fluid cytology. Mixed

cell pleocytosis composed of mononuclear cells, lymphocytes, and

neutrophil. Several round-shaped basophilic intracytoplasmic

inclusions were seen in mononuclear cells (Wright-Giemsa stain).
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Ehrlichia canis, a tick-borne pathogen, mainly trans-
mitted by Rhipicephalus sanguineus, is the cause of
canine monocytic ehrlichiosis (CME), which is a multi-
systemic disease resulting in hematologic abnormalities
and respiratory, ocular or neurologic sequelae.5 Coagu-
lation disorder, because of severe thrombocytopenia
and platelet dysfunction, is the most prominent sign of
infection with E. canis.5,6 The organism has resulted in
high morbidity and mortality in dogs in Southeast Asia
since it was first described affecting US military dogs
during the Vietnam War in the 1960s.7 However,
published reports in this region, of both clinical mani-
festations and genetic studies, are very limited.8–10

Genus-specific primers for Thai Ehrlichia and Ana-
plasma were designed based on the 16S rRNA
sequences10. These genus-specific primers and sequence
analysis allow detections of diverse genotypes of the
organisms in this region10 and this report demonstrated
advantage of next-generation diagnostics which include
broad-range PCR primers and sequence analysis.

Persistent infection of Ehrlichia muris in a mouse
model was shown to induce antibodies that protected
the mice against an ordinarily lethal secondary Ixodes
ovatus Ehrlichia challenge.11 In the study, antigen-speci-
fic gamma interferon (INF)-producing splenic memory

T cells played a major role in the immune protection
of the infected mice without doxycycline treatment.11

Because corticosteroids have been shown to inhibit
production of IL-12, a cytokine known to enhance
gamma IFN synthesis in mouse splenic adherent
cells,12 the use of corticosteroids in our treatment pro-
tocol could have compromised the immune status of
this dog, which was most likely in the chronic or sub-
clinical phase of CME, accompanied by persistent
infection with E. canis. Where possible, diagnosis of
chronic or persistent infections of E. canis in dogs in
endemic areas should be performed before corticos-
teroid treatment to avoid possible recrudescence of
infection. Serodiagnostic tests before corticosteroid
treatment of patients have been recommended in
strongyloidiasis in humans in endemic regions,13

because latent infections with the parasite, Strongy-
loides stercoralis, have been described and massive
invasion by filariform larvae has been triggered by cor-
ticosteroid treatment.14 In addition, severe strongyloidi-
asis has been prevented in corticosteroid-treated
patients by administration of prophylactic ivermectin.13

These strategies could be applied for treatment of
potential E. canis cases in endemic regions and in
the future, serodiagnostic tests for E. canis will be

Fig 2. Neighbor-joining phylogenetic tree of the gp36 gene of Ehrlichia canis detected in the cerebrospinal fluid of a dog in Thailand and

validated genotypes of E. canis. Percentage bootstrap support (>40%) from 1000 pseudoreplicates is indicated at the left of the supported

node.
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recommended before corticosteroid treatment and, if
long-term corticosteroids are warranted, prophylactic
doxycycline will be used. Chemoprevention programs
using doxycycline were performed and validated in
French military dogs working in E. canis endemic
areas.15 Each dog was administered doxycycline at
(3 mg/kg bodyweight, PO q24h) for at least 4 months.
The CME mortality and morbidity rates for these 614
dogs in this study were not detected and the serocon-
version rate was very low (4%; 24/614). In addition,
there were no clinical signs in the seropositive dogs
(low titers), and seronegative in these dogs occurred
after doxycycline treatment.15

This dog showed typical clinical signs of bacterial
meningoencephalitis as described. Therefore, initial
treatment was based on a diagnosis of bacterial
encephalitis. Unfortunately, as a result of the unusual
clinical and hematologic findings of this case, E. canis
was not included in the differential diagnosis and thus
initially there were no specific tests used for E. canis
infection (eg, specific PCR or antibody detection). In
retrospect, the rapidly progressing CNS signs in this
dog most likely resulted from E. canis infection, con-
firmed by CSF cytology, sequencing result of the 16S
rRNA gene, and phylogenetic analysis of the gp36
gene. Neurologic deficits of ehrlichial meningoen-
cephalitis are influenced by plasma cell infiltration of
the meninges or hemorrhage in cerebral or spinal cord
parenchyma.16,17 The first detection of E. canis in CSF
was reported from the United States in 1989 and the
report described seizures as the dominant sign in the
infected dog, together with nonregenerative anemia
and chronic thrombocytopenia.18 A subsequent report
in 2012 from Japan also described ataxia of the hind
limbs in the infected dog, with nonregenerative anemia
and severe thrombocytopenia.16 In addition, the case
from Japan reported xanthochromia in the CSF,
which is consistent with subarachnoid hemorrhage.
There is less information in the literature describing
meningoencephalitis associated with ehrlichiosis in
dogs without thrombocytopenia and bleeding tendency,
as was the case in our patient. A normal platelet
count and transient thrombocytopenia were previously
reported in a dog with an uncommon case of severe
hepatitis associated with acute E. canis infection.19 The
use of ampicillin and enrofloxacin to treat this dog
was based on an initial diagnosis of infectious hepati-
tis caused by leptospirosis. Ehrlichia spp. morulae were
subsequently found after liver impression cytology,
and treatment was changed to doxycycline at 7 days
postadmission.19

The CSF abnormalities reported in our case are non-
specific and easily could be attributed to general bacte-
rial meningoencephalitis. Presumptive diagnosis and
treatment in such cases frequently is performed for bac-
terial or other causes of CSF pleocytosis, and canine
erhlichiosis is regularly excluded from the differential
diagnosis, particularly in nonthrombocytopenic cases.
Consequently, in this case, doxycycline (the drug of
choice for CME) was not administered. Although
various pathogens could have been eliminated using

specific PCR assays for each organism, the broad-range
PCR technique we adapted was quicker and more
advantageous and should be recommended for the diag-
nosis of patients with negative CSF culture results,
including the diagnosis of atypical CME.

Footnotes

a E.Z.N.A.R Tissue DNA Kit, Omega Bio-Tek, Inc., Norcross,

GA
b NanoDrop 1000 Spectrophotometer V3.7, Thermo Fisher Scien-

tific Inc., Wilmington, DE
c Taq DNA polymerase, InvitrogenR, Life technologies, Carlsbad,

CA
d UltraCleanTM 15 DNA Purification Kit, MO BIO Laboratories

Inc., Carlsbad, CA
e ABI PrismTM Terminator Cycle Sequencing kit, Applied Biosys-

tems, Foster City, CA
f Mega5: Molecular Evolutionary Genetics Analysis software,

Arizona State University, Tempe, AZ
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