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Abstract

Background: Vector-borne diseases are of increasing importance in Germany. Since

2015, autochthonous cases have been increasingly documented in Berlin/

Brandenburg.

Objectives: Describe autochthonous Babesia canis infection in the Berlin/

Brandenburg region.

Animals: Forty-nine dogs with autochthonous B. canis infection.

Methods: Evaluation of history, clinical signs, laboratory abnormalities, treatment,

and outcome.

Results: Dogs were presented between March and August (9) and September and

January (40) in the years 2015-2021. Historical and clinical findings were lethargy

(100%), pale mucous membranes (63%), fever (50%), and pigmenturia (52%). Common

clinicopathological findings were thrombocytopenia (100%), anemia (85%), intravas-

cular hemolysis (52%), pancytopenia (41%), and systemic inflammatory response syn-

drome (SIRS; 37%). Babesia detection was based on blood smear evaluation (n = 40)

and PCR targeting the 18S rRNA gene of piroplasms (n = 49). Sequencing indicated

99.47% to 100% identity to B. canis sequences from GenBank. All dogs were treated

with imidocarb (2.4-6.3 mg/kg; median, 5 mg/kg); 8 dogs received 1, 35 received

2, and 1 dog each received 3, 4, or 5 injections, respectively. Continued PCR-positive

results were detected in 7 dogs after the 1st, in 5 after the 2nd, in 2 after the 3rd,

and in 1 28 days after the 4th injection. Four dogs were euthanized and 3 dogs died.

Conclusions and Clinical Importance: Autochthonous B. canis infections in Berlin/

Brandenburg were associated with severe clinicopathological changes, SIRS, and mul-

tiorgan involvement. Testing by PCR during and after treatment is advisable to

Abbreviations: aPTT, activated partial thromboplastin time; CRP, canine C-reactive protein; cTnI, canine troponin I; DIC, disseminated intravascular coagulation; Hct, hematocrit; PT, prothrombin

time; SIRS, systemic inflammatory response syndrome.
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monitor treatment success. Screening of blood donors in high-risk areas and year-

round tick protection is strongly recommended.
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1 | INTRODUCTION

Canine babesiosis is a vector-borne disease caused by Babesia canis,

Babesia vogeli, Babesia gibsoni, and Babesia vulpes in Europe.1-3 In

Germany, babesiosis is recognized to be mainly an infection in dogs

that have traveled to endemic regions or have been imported, but

autochthonous cases caused by B. canis have been known for many

years. Transmission occurs through the bite of an infected Dermacen-

tor reticulatus tick. Dermacentor reticulatus has become increasingly

widespread in Germany because of growing suburban wasteland,

a high density of potential hosts, and climate changes.4-6 Case reports

describing autochthonous B. canis infections in dogs have been pub-

lished for several German regions including Lower Rhine, Munich,

Lower Saxony, Rhineland-Palatinate, Saarland, and Baden-Wuerttem-

berg.7-12 Despite the frequent occurrence of D. reticulatus in Berlin/

Brandenburg, only individual case reports have been described in the

literature in this region until a few years ago.4 Since 2015, however,

autochthonous cases have been documented with increasing fre-

quency. Herein, we report the clinical signs, diagnosis, treatment, and

outcome of dogs with acute autochthonous babesiosis from the Ber-

lin/Brandenburg region.

2 | MATERIALS AND METHODS

2.1 | Patients and inclusion criteria

Dogs diagnosed with B. canis infection between April 2015 and

December 2021 were included. These dogs had either never left the

region of Berlin/Brandenburg or had not left the region during the

6 weeks before diagnosis.

2.2 | Diagnostic methods

Diagnosis was initiated by a screening blood smear (venous and capil-

lary blood; LT-SYS, Haema rapid staining, Laboratory and Technology,

Berlin; Figure 1) and completed by PCR testing with subsequent

genotyping. The Babesia spp. specific PCR used primers RLB-F

(50-GAGGTAGTGACAAGAAATAACAATA-30) and RLB-R (50-TCTTCGA

TCCCCTAACTTTC-30) to amplify a 460 bp Babesia spp. 18S rRNA gene

fragment.13 The Master-Mix was composed of 0.25 mM dNTPs,

0.5 μM of each primer, and 0.02 U/μL Phusion High-Fidelity DNA

Polymerase (ThermoFisher, Waltham, Massachusetts) in 20 μL 1� Phu-

sion HF PCR buffer. Reactions further contained 2 μL template DNA

(60-280 ng/μL). After initial denaturation at 98�C for 30 s, 40 cycles of

98�C for 10 s, 65�C for 30 s, and 72�C for 30 s were conducted before

final incubation at 72�C for 5 min. Positive control reactions with

200 copies of a plasmid DNA with the amplicon as insert as well as

negative controls were always included in parallel with the samples. As

a negative control, water was added to the master mix used for all sam-

ples instead of the DNA template. All PCR products were purified and

cloned before sequences were generated by Sanger sequencing at LGC

Genomics (Berlin). The sequences then were analyzed using BLASTn in

GenBank.14

2.3 | Clinical variables

Anaplasma phagocytophilum infection was excluded in all dogs by PCR

testing (Laboklin, Bad Kissingen, Germany). Dogs that had left the Ber-

lin/Brandenburg region in the past were thoroughly tested for patho-

gens that are endemic to the respective regions. Such was the case in

3 dogs that were tested for Ehrlichia canis (EDTA blood PCR, serum

immunofluorescence antigen test [IFAT]), Leishmania infantum (EDTA

blood PCR, serum IFAT), Dirofilaria immitis (serum antigen enzyme-

linked immunosorbent assay, ELISA, Knott test) in addition (Laboklin,

Bad Kissingen, Germany, Institute for Experimental Parasitology LMU

Munich, Germany). Hematology (Sysmex XT2000i, Sysmex Deutsch-

land GmbH, Norderstedt, Germany) and biochemistry (Konelab 60i,

Thermo Electron GmbH, Dreieich, Germany) were performed in all

dogs, as well as a manual differential blood count in most dogs. Throm-

bocytopenia was confirmed by manual counting (Thrombo Plus, Sar-

stedt, Nümbrecht, Germany). Coagulation times activated partial

thromboplastin time (aPTT; C.K. Prest, Diagnostica Stago, S.A.S.,

Asnieres sur Seine, France) and prothrombin time (PT; ThromborelS,

Siemens Healthcare GmbH, Erlangen, Germany) were measured in

most dogs (Schnitger-Gross coagulometer, Amelung, Lemgo, Germany).

Disseminated intravascular coagulation (DIC) was suspected in the

event of prolonged aPTT and PT combined with thrombocytopenia. In

most cases, 1,2-o-dilauryl-rac-glycero-3-glutaric acid-(60-methylresoru-

fin) ester lipase (DGGR lipase; Roche, Diagnostics GmbH, Mannheim,

Germany), lactate (GEM Premier 3500, Werfen GmbH, Munich,

Germany), C-reactive protein (CRP; Gentian Canine CRP Reagent Kit,

Gentian AS, Moss, Norway), and cardiac troponin I (cTnI; TnI Ultra, Sie-

mens, Frimley, UK) were measured. Coombs' test and platelet-bound

antibody tests were performed at the School of Veterinary Medicine,

Hannover, Germany (Immunology Unit). Radiographs of the thorax and

abdomen (DigitalDiagnost, Philips, Hamburg, Germany) as well as sono-

graphic examination (Logic S7, Scil animal care company GmbH,
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Viernheim, Germany) of the abdomen were performed. Systolic blood

pressure was determined by Doppler method (Doppler Eickemeyer,

Tuttlingen, Germany). In numerous dogs, an ECG (PC-EKG 2000, Eicke-

meyer, Tuttlingen) and echocardiography (Vivid 7 Dimension, Scil ani-

mal care company GmbH, Viernheim) were performed. The presence of

systemic inflammatory response syndrome (SIRS) was determined using

SIRS criteria: hypothermia (rectal temperature < 37.8�C), fever (rectal

temperature > 39.7�C), heart rate > 160/min, respiratory rate > 40/

min, leukopenia (<4 � 109/L), leukocytosis (>12 � 109/L), and pres-

ence of >10% immature leukocytes.15 Systemic inflammatory response

syndrome was diagnosed if ≥2 of the above criteria were present.

Descriptive statistics were performed, including determination of

median, range, minimum, and maximum (Microsoft Excel, Munich,

Germany).

3 | RESULTS

3.1 | Patients

Acute babesiosis was diagnosed in 49 dogs between 2015 and 2021.

Of these, 46 cases were patients of the Clinic for Small Animals, Freie

Universität Berlin; 3 dogs were diagnosed in a veterinary practice in

Brandenburg. Thirty-five dogs had never left the region, and 14 had

not left during the 6 weeks preceding initial presentation. Five dogs

presented between April 2015 to May 2016 (retrospective evaluation)

and 44 dogs from October 2019 to December 2021 (prospective eval-

uation). Most dogs (n = 40) developed clinical signs from September

to January whereas a smaller number was presented between March

and August (n = 9; Figure 2). One dog was presented twice, first in

November 2019 and again 12 months later. Only the findings of the

first presentation were included in the analysis. In 2 instances, 2 dogs

each belonged to the same owner. The study population consisted of

dogs of 23 different breeds and 11 mixed-breed dogs. The age of the

dogs ranged from 0.5 to 12 years (median, 7 years). More males (32;

9 of which were neutered) than females (17; 5 of which were spayed)

were affected. Body weight ranged from 6 to 53.5 kg (median,

27.8 kg) of which 34 dogs (69%) weighed >20 kg. In 32 dogs (74%),

no (n = 20) or inadequate (n = 12) ectoparasite prophylaxis was

reported. In 6 cases (14%), tick prophylaxis was performed (according

to the owner): 4 dogs were wearing a collar (containing flumethrin)

and in 2 dogs fipronil had been administered as a spot-on. In 5 other

dogs (12%), nonregistered tick prophylaxis (collar from a pet store,

coconut oil, herbal spot-on, garlic, vinegar) had been used. In the

remaining 6 dogs, no information was available on tick prophylaxis. In

the days before presentation, 36 owners had found and removed ticks

from their dogs.

Complete examination results and course of disease were avail-

able for 46 dogs presented at the Clinic for Small Animals, Freie Uni-

versität Berlin.

3.2 | Diagnosis of B. canis infection

Babesia organisms were detected in the blood smears of 40 dogs

(87%). Polymerase chain reaction testing for detection of the 18S

rRNA gene of piroplasm was positive in all dogs, and sequencing

showed 99.47 to 100% identity with other sequences of B. canis from

GenBank (Accession number ON152329-ON152375).16 Seventeen

different genotypes were identified, with all cases from 2015 attribut-

able to a single genotype.

3.3 | History and clinical presentation

Reasons for presentation included lethargy (100%), inappetence (54%),

fever (50%), red urine (39%), vomiting (9%), polyuria and polydipsia

(4%), and increased panting (4%). Common initial clinical findings were

pale pink (50%), white (13%) or icteric (4%) mucous membranes, fever

F IGURE 2 Calendar month of presentation of 49 dogs with
autochthonous Babesia canis infectionF IGURE 1 Blood smear with intracellular merozoites of Babesia

canis (Giemsa)
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(37%), and red urine (52%). Systolic blood pressure ranged from 90 to

180 mm Hg (median, 119 mm Hg). Three dogs were hypotensive

(<100 mm Hg). One dog that had B. canis infection twice developed

uveitis on both occasions, which resolved after treatment. Another dog

that was normoglycemic and had normal liver and kidney function was

comatose 24 hours after admission. Neurologic examination identified

miosis, temporary horizontal nystagmus, protrusion of the nictitating

membrane and hypersalivation; spinal reflexes were normal.

3.4 | Laboratory testings

Initial laboratory results are shown in Table 1. All dogs had thrombo-

cytopenia, with platelet counts ranging from 0 to 139 � 109/L

(median, 13 � 109/μL) confirmed by manual counting. Severe throm-

bocytopenia (<40 � 109/L) was seen in 39 dogs (85%), of which only

2 dogs exhibited detectable bleeding (epistaxis and hematuria, respec-

tively). Twenty-seven dogs (59%) had bicytopenia and 19 (41%)

TABLE 1 Clinicopathological findings in 46 dogs with autochthonous Babesia canis infection

Parameter Range (median) Increased (n) Decreased (n) Reference value

Hematology

Leukocytes (�109/L) 1.37-27.4 (5.25) 6 26 5.6-14

Band neutrophils (�109/L)a (n = 12) 0-1.394 (0.18) 2 … 0-0.5

Segmented neutrophils (�109/L)a (n = 12) 1.45-20 (3.2) 1 5 3.0-9.0

Eosinophils (�109/L)a (n = 12) 0-0.145 (0) 0 … 0-0.6

Lymphocytes (�109/L)a (n = 12) 0.14-6.11 (0.83) 1 8 1-3.6

Monocytes (�109/L)a (n = 12) 0.17-5.26 (0.365) 3 … 0-0.5

Hematocrit (%) 15-54 (33) 0 41 42-56

Hemoglobin (g/dL) 4.6-18.0 (4.4) 0 43 14.6-19.8

Erythrocytes (�106/μL) 2.3-8.3 (4.9) 0 36 5.9-8.3

Reticulocytes (/μL) 5100-339 700 (38 800) 13 … >60 000 regenerative

Platelets (�109/μL) 0-139 (13) 0 46 165-400

Clinical chemistry

Sodium (mmol/L) 127-150 (138) 0 26 140-150

Potassium (mmol/L) 3-5.8 (3.8) 2 14 3.6-4.8

Glucose (mmol/L) 2.6-11.1 (5.5) 13 6 4.5-6.2

Creatinine (μmol/L) 41-1016 (105.5) 25 2 54-106 (<20 kg)

54-123 (>20 kg)

Urea (mmol/L) 2.8-83.2 (14.1) 29 2 3.5-10

ALT (U/L) 14.8-1092 (52.5) 17 … �76

AP (U/L) 10-669 (134) 32 … �97

AST (U/L) 12.9-1868 (94) 36 … �41

Bilirubin (μmol/L) 1.8-782 (10) 39 … �5

Calcium (mmol/L) 2-3.3 (2.5) 0 20 2.5-2.9

Phosphorus (mmol/L) 0.86-3.89 (1.6) 29 1 0.96-1.4

Protein (g/L) (n = 45) 41-94.8 (54.9) 5 21 54-66

Albumin (g/L) (n = 45) 16.3-33.1 (24.8) 0 34 28-36

Coagulation parameters

aPTT (s) (n = 39) 11.3-31.4 (15.5) 34 0 10-13.1

PT (s) (n = 39) 9.2-45.5 (22.7) 13 1 16.5-25

Other variables

cTnI (ng/mL) (n = 34) 0.01-20.2 (0.43) 30 … �0.08

Lipase U/L (n = 34) 14-3404 (86.5) 2b/11c … �260b/400c

CRP (mg/L) (n = 40) 17-153.8 (62.1) 40 … �10

Lactate (mmol/L) (n = 24) 0.9-5 (2.1) 5 … �2.5

aIncluded in analysis only if a differential blood count was obtained on the day of presentation.
b260-400 U/L.
c>400 U/L.
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pancytopenia. Intravascular hemolysis (hemoglobinuria, hemoglobine-

mia) was present in 24 dogs. Hematocrit ranged from 15% to 54%

(median, 33%) at presentation. Thirty-nine dogs (85%) initially were

anemic (regenerative in 13 dogs with reticulocytes >60 000/μL).

However, severe anemia (Hct <20%) was present in only 3 cases. The

Coombs' test was positive in 3 of 32 cases, and the Hct of these dogs

was 25%, 30%, and 33%, respectively. Eleven of 33 dogs had platelet-

bound antibodies; the platelet counts of these dogs were 0 to

99 � 103/μL (median, 5 � 103/μL). The presence of DIC was sus-

pected in 12 dogs (26%). Prolonged aPTT and PT were detected in

34 (87%) and 13 dogs (33%), respectively.

Common clinicopathological findings were increases of liver

enzyme activities (ALT 37%; AP 70%), hyperbilirubinemia (85%),

hyperphosphatemia (63%), hypoproteinemia (47%), hypoalbumine-

mia (76%), and increased serum creatinine (54%) or urea (63%) con-

centration. Azotemia was prerenal (high urine specific gravity,

normalization of azotemia the next day) in 8 dogs and renal in 17

dogs. In 2 of 17 dogs with renal azotemia urea concentration and

creatinine concentration were normal initially and increased on day

3. C-reactive protein concentration was increased in all dogs. In

13 dogs (38%) an increased DGGR lipase concentration was found,

and in 8 of these cases there was clinical suspicion of acute pancrea-

titis (vomiting, inappetence, painful cranial abdomen, sonographically

swollen hypoechoic pancreas). At initial presentation, SIRS criteria

were present in 16 (of 43) dogs (37%): leukopenia (13) and fever

(9) were the most common findings. The cTnI concentration was

increased in 30/34 dogs (88%) and ranged from 0.09 to 20 ng/mL

(median, 0.5 ng/mL).

3.5 | Cardiological examination

Cardiac examination was performed by a specialist in cardiology in

24 dogs. Eleven dogs (46%) had ECG abnormalities (ventricular pre-

mature beats [4], ST segment depression [3], atrioventricular block [2],

ST segment elevation [1], ventricular tachycardia [1], atrial premature

beats [1], negative T wave [1]). Echocardiographic changes were

detected in only 2 cases: 1 dog had heterogeneous echogenicity of

the myocardium, the other had hypertrophy of the left ventricular

outer wall and ventricular septum with a roughened surface of the

endocardium. These 2 dogs also exhibited arrhythmias. In dogs with

abnormal findings on cardiac examination, cTnI concentration ranged

from 0.08 to 11 ng/mL (median, 0.93 ng/mL).

3.6 | Abdominal imaging

Abdominal radiography identified splenomegaly in all dogs and hepa-

tomegaly in 5 dogs (11%). Abnormal abdominal sonographic findings

were splenomegaly, which was diffusely inhomogeneous in 11 cases.

Two dogs were splenectomized. Other abnormal ultrasonographic

findings included small amounts of free fluid (12), sludge in the gall-

bladder (8), a painful and swollen pancreas (8), hepatomegaly (5),

enlarged mesenterial lymph nodes (4), suspicion of splenic infarction

(2), perirenal free fluid (2), and gallbladder wall edema (2).

3.7 | Treatment and outcome

Forty-five dogs (98%) were hospitalized over a period of 1 to 21 days

(median, 4.5 days), 1 dog was treated as an outpatient. All dogs were

treated with imidocarb (Carbesia, Intervet, Beaucouze, France) at a

dosage of 2.4 to 6.3 mg/kg (median, 5.0 mg/kg). In dogs with azote-

mia, the dosage ranged from 2.4 to 6 mg/kg (median, 4 mg/kg). Eight

dogs (17%) received a single injection (6 dogs died or were euthanized

before the 2nd injection, 1 dog each did not return for reevaluation

and continued treatment with the referring veterinarian), 35 (76%)

received 2, and 1 dog each received 3, 4, and 5 injections. Injections

were given at an interval of 12 to 85 days (median, 15 days). The

interval between injections varied because dogs were presented irreg-

ularly or did not return for follow-up appointments. Several adverse

effects were documented in 7 dogs (15%): painful swelling at the

injection site occurred 4 times, vomiting (2), mucopurulent bloody

diarrhea (2), salivation (1), panting and restlessness (1).

A total of 94 PCR follow-up controls were performed in 35 dogs.

The day of sample collection for PCR testing after injection was deter-

mined by the veterinarian and ranged from 5 to 265 days (median,

15 days). The first negative Babesia PCR follow-up test was detected

after the first injection in 19 cases (5 to 18 days; median, 12 days; imi-

docarb dosage 3 to 6 mg/kg; median, 6 mg/kg) or after the second

injection in 15 cases (6 to 28 days; median, 14 days; imidocarb dose

4 to 6 mg/kg; median, 5 mg/kg). In 9 dogs, positive Babesia PCR

follow-up tests were obtained (Table S1): in 7 dogs after the first

(after 7 to 32 days; median, 13 days; imidocarb dosage: 3 to 6 mg/kg;

median, 4.4 mg/kg), in 5 dogs after the second (after 8 to 10 days;

median, 8 days; imidocarb dose: 3 to 5 mg/kg; median, 4.3 mg/kg), in

2 dogs after the third (after 11 and 22 days; imidocarb dosage 3.9 and

4.5 mg/kg) and in 1 dog 28 days after the fourth injection (imidocarb

dosage 5 mg/kg; Table S1). This dog received another injection

(5 mg/kg) and was negative thereafter.

Further supportive therapeutic measures, depending on clinical

signs, included the administration of maropitant (1 mg/kg, q24h IV;

Emex, CP Pharma, Burgdorf, Germany), omeprazole (1 mg/kg, q12h

PO; Omeprazol-ratiopharm, Ratiopharm GmbH, Ulm, Germany), or

esomeprazole (1 mg/kg, q12h IV; Nexium, Grünenthal GmbH, Aachen,

Germany) and metamizole (10 to 20 mg/kg, q8h IV or PO; Novacen,

CP Pharma, Burgdorf, Germany; Novaminsulfon-ratiopharm, Ratio-

pharm GmbH, Ulm, Germany). In 39 dogs, an antibiotic (doxycycline,

n = 17; 5 mg/kg, q12h PO; Doxybactin, Dechra, Aulendorf, Germany)

or amoxicillin-clavulanic acid (n = 22; 12.5-20 mg/kg, q12h IV or PO,

Amoxclav Hexal, Holzkirchen; Synulox, Zoetis, Berlin, Germany) was

administered initially. Dogs with arrhythmias were given magnesium

(0.5 to 1 mmol/kg PO, Magnetrans forte, Stada Consumer Health

Deutschland GmbH, Bad Vilbel, Germany). Atenolol (Atenolol-ratio-

pharm, Ratiopharm GmbH, Ulm, Germany) was administered to treat

hemodynamically relevant supraventricular arrhythmias.
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Forty-five dogs received a balanced crystalloid solution

(Sterofundin ISO, Braun, Melsungen, Germany) during hospitalization.

Thirteen dogs received dog erythrocyte antigen (DEA) 1-compatible

packed red blood cell transfusions (1 to 4 transfusions; median, 1

transfusion), 4 dogs with prolonged coagulation parameters received

fresh frozen plasma (1 transfusion each), and 1 dog with severe

thrombocytopenia and prolonged coagulation parameters received

platelet-rich plasma.

In 1 dog, secondary immune-mediated hemolytic anemia devel-

oped. After an initial Hct increase (from 25% to 38%), a decrease in

Hct (to 15%) occurred on day 11 with a negative Babesia PCR and a

positive Coombs' test. After treatment with prednisolone (0.6 mg/kg/

day PO; Prednisolon, CP Pharma, Burgdorf, Switzerland) the Hct nor-

malized within 14 days. Five of 17 dogs with persistently increased

serum creatinine concentrations died or were euthanized, respec-

tively. In 8 dogs, renal function tests normalized within 8 to 35 days

and in the remaining 4 dogs, serum creatinine concentrations

increased on days 27 to 427 (144; 139; 124; 123 μmol/L).

Thirty-nine dogs (85%) survived. Four dogs were euthanized after

2 to 18 days (financial reasons and acute renal failure [2], acute renal

failure [1], hepatopathy and arrhythmias [1]). Three dogs died 2 to

8 days after initial presentation (cerebral babesiosis and coma [1],

acute renal failure and oliguria [1], hematemesis and acute renal dis-

ease [1]). Three dogs that died (2) or were euthanized (1) fulfilled SIRS

criteria at initial presentation.

4 | DISCUSSION

Our study includes a large number of dogs with presumed autochtho-

nous babesiosis in Germany. An increasing prevalence of the vector

D. reticulatus in different German regions made increasing numbers of

Babesia infections in dogs foreseeable.6

The screening of a blood smear was diagnostic for infection with

large piroplasms in 87% of cases. This finding supports the importance

of this rapid and inexpensive diagnostic tool. All dogs in our study were

infected with B. canis, which was confirmed by PCR and sequencing. In

Europe, 3 genotypes (based on Bc28.1) of B. canis have been described

to date.17 The Bc28.1-A type is found in Poland, Hungary, and Ukraine

and is associated with moderate to low-grade virulence. The Bc28.1-B

type is dominant in western and southwestern Europe and is consid-

ered to be moderately virulent.17 The Bc28.1-34 G type only has been

detected in France. Dogs in our study were found to have 17 different

genotypes that could not be assigned to any of those previously

described. The occurrence of different genotypes possibly is attribut-

able to the introduction of Babesia by dogs imported from different

regions. In contrast, the species B. vogeli, which is a large Babesia, was

not detected. Indeed, spread of this species would be unlikely because

the vector Rhipicephalus sanguineus thus far is not endemic in Germany.

Dermacentor reticulatus exhibits a bimodal activity pattern.5,18 In con-

trast to Ixodes ricinus, D. reticulatus shows a first activity peak between

March and May. The second activity peak usually occurs in August

through November, but the tick previously has been found active over

the winter months in the Berlin/Brandenburg region.5 This finding may

explain why the dogs in our study presented with clinical signs mainly

between autumn and January and into spring. Dogs of all ages and

breeds were affected, but almost 70% of the dogs described here

weighed >20 kg. This observation might be a result of the higher inci-

dence of tick infestation in large dogs.18

Initially, 89% and, during the course of disease, 98% of the dogs

experienced anemia (only 1 dog was not anemic). In addition to intra-

vascular hemolysis (because of proliferation of Babesia and subse-

quent erythrolysis), extravascular hemolysis also may contribute to

anemia. Increased phagocytosis of infected and noninfected erythro-

cytes may be triggered by oxidative and other damage in addition to

opsonization of erythrocytes by antibodies.19,20 In 9% of the dogs, the

Coombs' test was positive at first presentation, and in another dog

the test became positive during the course of disease. The immune-

mediated pathomechanism seems of minor importance for the devel-

opment of anemia. Similar results were obtained in a study using flow

cytometry for detection of erythrocyte membrane binding immuno-

globulin M and immunoglobulin G in B. canis (n = 24) and B. vogeli

(n = 6) positive dogs.21 Although 4/6 dogs with B. vogeli were posi-

tive, no dog with B. canis had antierythrocyte antibodies.

Severe thrombocytopenia itself can lead to hemorrhage, and in

dogs with babesiosis caused by B. canis or B. gibsoni, no correlation

was found between the degree of parasitemia and the severity of ane-

mia.19,22 As in earlier case studies, thrombocytopenia was a very com-

mon finding.20,23-25 Consumption of platelets, platelet sequestration

as well as immune-mediated destruction may be causative factors for

thrombocytopenia.26 An associative (secondary) immune-mediated

thrombocytopenia has been described in cases of babesiosis and

other vector-borne infections (e.g., granulocytic anaplasmosis which

can resolve without glucocorticoid therapy).27-29 Similar to other stud-

ies, 56% of the affected dogs were leukopenic.23-25 Lymphopenia

caused by hypercortisolism has been suggested as a possible patho-

mechanism in dogs with peracute B. rossi infection.24,30 Sequestration

of leukocytes in the spleen is also possible.23 Although leukopenia

was identified as a negative prognostic factor in 1 study, it was found

in 60% of dogs with a mild course in another study.23,24 Forty-one

percent of the patients had pancytopenia that also has been described

in other vector-borne diseases (e.g., ehrlichiosis, leishmaniasis, ana-

plasmosis). In the context of B. canis infection, the prevalence of pan-

cytopenia has not been evaluated in most studies. However,

leukopenia, anemia, and thrombocytopenia are commonly occurring

laboratory abnormalities.23-25 Different B. canis strains potentially

may result in different severity of clinicopathological abnormalities.

Our findings indicate that B. canis infection frequently was associ-

ated with SIRS (37%) and multi-organ involvement (48%), as described

in previous case reports.25,31 The presence of SIRS did not correlate

with the severity of parasitemia but was a negative prognostic factor

in some studies.31,32 Thirty-two percent of the dogs described here

had renal abnormalities. Different pathomechanisms such as hypoxia,

hypotension, vascular stasis caused by sludging of erythrocytes, and

damage to the kidneys by hemoglobin have been considered as possi-

ble mechanisms.26 Histological changes in the kidneys (e.g., vacuolar
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degeneration, necrosis, detachment of the tubular epithelium in the

proximal tubule) are consistent with hypoxia-induced injury.33 Only

rarely, hemoglobin casts or droplets have been identified in the tubu-

lar epithelium. In addition to tubular damage, glomerular injury with

subsequent development of glomerulopathy also has been

described.34

Approximately two-thirds of the dogs had increased liver enzyme

activities. Hypoxia, hypotension, SIRS, and pancreatitis are possible

pathomechanisms. The increases in AST activities, sometimes marked,

also can be explained by intravascular hemolysis.35

Pancreatitis, which occurred in 8 dogs (17%), also has been

described in association with babesiosis and may be the result of hyp-

oxia or hypotension.36,37

Abnormalities were detected in 11/24 dogs in which a thorough

cardiac evaluation was performed (45%). Anemia, hypotension, elec-

trolyte abnormalities, metabolic acidosis, and azotemia may have con-

tributed to cardiac complications.26 The development of cardiac

abnormalities has been investigated in 3 studies of B. rossi infections

in South Africa and B. canis infections in Poland.38-40 Electrocardio-

graphic changes occurred in 33 to 41% of cases and arrhythmias were

described in 12% to 30%. Increased cTnI concentrations, which also

have been described in several other studies, were present in 88% of

our cases (markedly increased in 8 cases [2.4-20.2 ng/mL]) and are

indicative of myocardial injury, which can result from both cardiac and

extracardiac disease.41-43 Increased cTnI concentration has been

shown to be a negative prognostic factor in dogs with SIRS and in

dogs with B. rossi infection in South Africa.38,43 Factors influencing

the troponin concentration in our cases could not be identified. In a

previous study, increased cTnI concentrations in dogs without cardiac

disease but with renal disorders were observed. Subclinical ischemic

damage to cardiac myocytes, uremic pericarditis or myocarditis, and

decreased clearance have been considered as possible pathomechan-

isms for increased troponin concentrations in dogs with renal dis-

ease.44 Furthermore, falsely low troponin concentrations may occur in

patients with hemolysis.45

To the best of our knowledge, splenic infarction associated with

B. canis infection, as suspected in 2 of our cases, has not been

reported previously. Interestingly, splenic infarction is described in

human patients as a rare complication of B. microti infection.46,47 In

addition to vascular obstruction caused by adhesion of infected eryth-

rocytes to the endothelium, endothelial damage and rapid splenic

enlargement associated with sequestration of Babesia-laden erythro-

cytes and platelets are possible pathomechanisms. Splenic rupture

also has been described in this context.46

One dog in our study developed neurologic signs that could not

be explained by metabolic causes (eg, hypoglycemia, liver and kidney

failure). Cerebral babesiosis is a rare complication and is associated

with high mortality.23,48-50 Possible pathomechanisms include circula-

tory disturbances caused by accumulation of parasites and erythro-

cytes in the capillaries, endothelial damage, vasculitis, immune

complex deposition in vessels, and hypoxia.49

Uveitis was another rare complication observed in a dog in our

study. The affected dog had B. canis infection twice, 1 year apart, and

each time with uveitis. After imidocarb treatment, the dog became

asymptomatic both times. To our knowledge, uveitis has not been

reported previously in association with babesiosis.

The imidocarb dosage recommended by the manufacturer for

treatment of babesiosis is 2.12 mg/kg, and the dosage for prevention

is 4.25 mg/kg. The dosage reported in the veterinary literature is 5 to

6.6 mg/kg.26 The differences in dosage recommendations are based

on the fact that the treatment goal for dogs in endemic areas (where

reinfection is very likely) is solely reduction in the number of babesia

with subsequent formation of pre-immunity.51 Described adverse

effects of imidocarb, which also were noted in our study, include pain

and swelling at the injection site, cholinergic signs (e.g., salivation,

vomiting, diarrhea), renal tubular necrosis, and hepatic necrosis.33,52,53

Imidocarb should be used with caution in patients with impaired renal

and hepatic function.33,54 In our study, the frequency of adverse

effects may be underrepresented (15%) because of the partially retro-

spective evaluation. In addition, treatment was administered by differ-

ent veterinarians and adverse effects may not have been documented

completely. Our data indicate, that a second imidocarb injection often

is necessary, because 7 dogs still had positive PCR results 7 to 32 days

after the first injection. In 5 cases, a positive PCR result even occurred

8 to 20 days after treatment despite administration of imidocarb

twice. One dog was treated with 5 injections of imidocarb because its

PCR results remained positive. Evaluation of treatment success by

PCR before concluding and 2 months after completion of treatment is

recommended.1 Interestingly, 1 dog suffered from babesiosis twice,

1 year apart. This dog initially received 2 injections of imidocarb (4.8

and 4 mg/kg) 14 days apart. Because the dog was asymptomatic and

PCR was negative 14 days after the first course of treatment, the sec-

ond occurrence most likely represented a new infection, independent

of the first infection. Tick prophylaxis was provided with flumethrin/

imidacloprid. Chronic infection with B. canis however cannot be

excluded in this case.55 After experimental infection, protective immu-

nity lasts between 5 and 8 months.56

The mortality rate of B. canis infection in Europe ranges from

1.5% to 20%. Depending on genotype, the mortality rate in central

Europe and northeastern Europe is 12% to 20% and in southwestern

Europe is <5%.17 Mortality also differs when compared with other

Babesia species. Although infection with B. vogeli is associated with a

mild course of disease, a high death rate is described for infection with

B. rossi.26 In our study population, complications (especially renal, car-

diac, pancreatitis, and DIC) occurred in 19 cases (41%). The mortality

rate was 15%. Three dogs died of babesiosis and 4 were euthanized.

Systemic inflammatory response syndrome occurred in 3 of 7 of the

dogs that died or were euthanized in our study, whereas 13 dogs with

SIRS survived B. canis infection.

The majority (70%) of dogs received irregular, inadequate or no

tick prevention. However, 6 dogs were treated with fipronil (2) or

flumethrin/imidacloprid (4) according to information provided by the

owners. Factors associated with the maintenance and distribution of

the active ingredients (e.g., frequent contact with water or improper

application such as irregular wearing of a collar or misapplication of

spot on solutions) can result in variation in the sustained efficacy of
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topical products and cannot be evaluated retrospectively for the

affected dogs. It was shown that a collar with flumethrin/

imidacloprid is highly effective against infection with B. canis and

efficacy can be expected after 2 days of wearing the collar.57,58 Fur-

thermore, indirect protection against transmission of B. canis

(by D. reticulatus ticks) has been shown in a laboratory study at day

28 after treatment, thereby decreasing the risk of disease under the

conditions of the study.59

Fipronil is approved for Ixodes ricinus and Dermacentor variabilis

and has a killing effect of 48 hours after infestation, but no repellent

effect.60 Experimental infection trials have shown that D. reticulatus

transmit Babesia after at least 48 hours. A special feature of this tick

species is that the male ticks also occasionally suck small amounts of

blood. If the male tick has taken a blood meal and feeding is inter-

rupted, transmission of Babesia can occur within 8 hours.61 This find-

ing emphasizes the important role of repellents. However,

antiparasitics without a repellent effect (e.g., fluralaner, afoxolaner,

lotilaner) also can be protective against the transmission of B. canis

because of a rapid killing effect.62,63,64

A limitation of our study is that a few dogs had adequate previous

travel history, and infection outside the Berlin/Brandenburg region

cannot be entirely excluded. Another limitation is that the dogs were

under the care of different veterinarians in the clinic. Therefore, the

timing of PCR re-testing was highly variable which may have resulted

in biased medians.

5 | CONCLUSIONS

Our case series indicates that autochthonous babesiosis is of high

clinical relevance in Berlin/Brandenburg. The increased occurrence of

infections may be caused by the spread of the vector, import of dogs

infected with B. canis, infection of the ticks with B. canis in the region

or some combination of these factors. Severe clinical signs and labora-

tory abnormalities, SIRS, and multiorgan involvement often necessi-

tated intensive medical treatment, including administration of blood

products. Re-testing for B. canis using PCR during and after treatment

is advised. Screening of blood donors in high-risk areas and year-

round tick protection with products having repellent or rapid-killing

effect in order to prevent or decrease the risk of transmission of

B. canis are strongly recommended.65,66
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