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CANINE EHRLICHIOSIS:  A  CURRENT REVIEW

ABSTRACT:

Aim: This review aims to provide a comprehensive overview of Ehrlichia canis, a tick borne pathogen responsible for canine monocytic ehrlichiosis. This review focuses on its pathogenesis, clinical manifestations, diagnostic approaches, treatment options and global epidemiology.

Study design: A systemic literature review was conducted analyzing studies published between 2000 and 2025. This includes clinical trials, observational studies, case reports and epidemiological data regarding E. canis infections in dogs.

Place and duration of study: the review includes studies from various endemic regions.

Methodology: The review evaluates molecular diagnostics including PCR and serology as well as clinical management strategies. Additionally vector control methods and emerging trends in antibiotic resistance are discussed.

Results: Ehrlichia canis primarily causes fever, lethargy, thrombocytopenia, and in severe casesbleeding disorders. The diagnostic gold standard is PCR based testing, with serological methods also frequently employed. Doxycyline remains the first line treatment and should be given @ 5 mg/kg bwt  BID PO or IV for 4 weeks is recommended for all age groups , but recent studies indicate the emergence of resistance in some regions. Additionally, E. canis is transmitted through the bite of the Rhiphicephalus sanguineus tick and vector control strategies have proven effective in reducing incidence. Vaccination efforts are still under investigation.

Concluison: E canis continues to be a significant cause of morbidity in dogs, especially in endemic areas. Early detection and treatment are critical for successful management,but emerging resistance highlights the need for ongoing research into alternative therapies, vaccination and improved diagnostic tools.

1.INTRODUCTION:

Ehrlichiosis is a globally emerging vector-borne disease caused by Gram-negative, obligate intracellular bacteria of the genus Ehrlichia, within the family Anaplasmatacea [23]. These rickettsial pathogens are transmitted primarily by ticks and are of considerable public health importance. In dogs, the disease is widespread and known by several alternative names, including canine rickettsiosis, canine typhus, canine hemorrhagic fever, tropical canine pancytopenia, Nairobi bleeding disorder, and tracker dog disease [4]. Ehrlichiosis is caused by species of the genus Ehrlichia and is clinically characterized by fever, anorexia, lymphadenopathy, and an acute decrease in circulating blood cells, most notably thrombocytopenia. Several Ehrlichia species are known to infect a broad range of animal hosts. Among these, Ehrlichia canis is the primary etiological agent of canine ehrlichiosis, predominantly targeting platelets, monocytes, and granulocytes. Within host cells, Ehrlichia organisms form intracellular aggregates known as morulae [48]. To date, at least five tick-transmitted Ehrlichia species have been identified as capable of infecting dogs and potentially causing clinical disease [20].  Rhipicephalus sanguineus, commonly known as the brown dog tick, is widely recognized as the primary vector responsible for the transmission of canine ehrlichiosis [15,1]. In general, the diagnosis of ehrlichiosis is based on a combination of clinical signs, a positive serum indirect fluorescent antibody (IFA) titer, and the patient's response to treatment. Additionally, polymerase chain reaction (PCR) has proven useful for detecting and identifying Ehrlichia and Anaplasma species in both humans and animals. PCR can also be employed to evaluate the effectiveness of treatment by confirming the clearance of infection. The treatment of choice is doxycycline. However, other agents such as rifampicin, imidocarb dipropionate, Crotalus horridus extract, and minocycline may also be used in conjunction with symptomatic and supportive care

2. HISTORICAL BACKGROUND:
Canine ehrlichiosis gained global attention in the 1970s following significant mortality among military German Shepherd dogs during the Vietnam War[29] . The disease was first described in 1935 at the Pasteur Institute in Algeria by Donatien and Lestoquard. They observed that experimental dogs infested with Rhipicephalus sanguineus ticks developed severe illness characterized by anemia. Giemsa-stained blood smears from these infected dogs revealed small, rickettsia-like organisms within monocytes, which they identified as Rickettsia canis. In India, the first report of ehrlichiosis was made by Mudaliar in 1944 in Chennai [34]. Subsequently, [46] documented cases of Ehrlichia canis infection in Hyderabad. In 1967, [62] reported a highly fatal, hemorrhagic disease in military dogs stationed in Singapore and Southeast Asia. The condition, later termed tropical canine pancytopenia, was notably documented during the Vietnam War [43] .

3.ETIOLOGY:

Canine ehrlichiosis is primarily caused by Ehrlichia canis, though other species such as E. chaffeensis, E. ewingii, and potentially E. ruminatum have also been implicated in infections [12] . These organisms are classified as leukocytophilic bacteria, meaning they have an affinity for white blood cells. They replicate within the cytoplasmic vacuoles of circulating monocytes and tissue macrophages, disrupting normal immune cell function and leading to systemic infection  [15] . Ehrlichia chaffeensis, the causative agent of human monocytic ehrlichiosis, has recently emerged as a rare but clinically significant pathogen in dogs, producing symptoms that are indistinguishable from those caused by E. canis [6,30].  Ehrlichia ewingii is the known etiological agent of canine granulocytic ehrlichiosis [6,30]. Historically, E. canis was not considered a zoonotic pathogen; however, recent studies have highlighted its potential zoonotic relevance in humans [29,54].

4. EPIDEMIOLOGY:
Ehrlichiosis is recognized as a disease of global significance, with higher prevalence observed in tropical and subtropical regions. In some cases, clinical signs manifest long after the initial infection, often occurring after the infected canine has relocated to a non-endemic region, thereby complicating surveillance and diagnosis. [29] noted that the disease had a higher prevalence in tropical and temperate regions compared to colder climates. Later, [54] confirmed the widespread presence of Ehrlichia species in tropical and subtropical regions. In Northern India, most studies have been centered in Ludhiana, Punjab, focusing on both pet dogs and non-descript local dogs presented to veterinary clinics. [51] reported a 61% sero-prevalence in pet dogs using a commercial serological kit. A multi-centric study by [47] documented a 20.6% molecular prevalence among stray dogs in Delhi, Mumbai, Ladakh, and Sikkim. In Nagpur, observed an 18.9 % prevalence using microscopic examination study in Chennai by [32] reported a 50% prevalence through PCR analysis.

5. DISEASE PATTERN AND HOST SUSCEPTIBILITY

Canine ehrlichiosis was first reported in India in 1982. The primary mode of transmission is through tick vectors, which can remain infective for up to five months after engorgement. In addition, the disease can also spread via blood transfusions from infected donors. Acute cases are most commonly observed during the summer months, coinciding with peak activity of tick vectors. Epidemiological studies have identified several risk factors associated with the disease. According to [9], dogs aged between 24 to 36 months exhibited the highest prevalence among infected cases. [28] observed a higher incidence of the disease in female dogs compared to males. Breed predisposition also plays a role in susceptibility. The prevalence of ehrlichiosis is significantly higher in purebred dogs than in non-descript or mixed-breed dogs. Seasonal patterns indicate that the disease is most frequently reported during the post-monsoon and winter seasons. In terms of breed-specific data, [32] reported the highest prevalence in German Shepherds (36%), followed by Pomeranians/Spitz, Labradors, and Dobermans. German Shepherds, in particular, are believed to develop a more severe form of the disease, possibly due to an inadequate immunogenic response. In contrast, other breeds tend to exhibit milder clinical signs.

6. IMMUNE RESPONSE AND PATHOGENESIS:

Cell-mediated immunity plays a critical role in host defense against Ehrlichia canis, whereas the humoral immune response, although robust, appears to provide little to no protective benefit and may even contribute to disease pathology [49]. Several clinical manifestations of canine monocytic ehrlichiosis (CME) including glomerulonephritis, uveitis, thrombocytopenia, and anemia are believed to involve immune-mediated mechanisms. This is supported by findings such as the presence of circulating immune complexes, lymphocytic-plasmacytic infiltration in various parenchymal organs, polyclonal hyperglobulinemia, anti-platelet antibodies, and reports of clinical and hematological improvement following splenectomy [21,17,18 21,38, 59] . A key clinical hallmark of CME is a bleeding tendency, which results primarily from impaired primary hemostasis. This impairment arises due to a combination of thrombocytopenia, thrombocytopathy, and mild vasculitis [18, 35, 60]. The underlying causes of thrombocytopenia are multifactorial and may include, Immune-mediated platelet destruction, Increased platelet consumption secondary to vasculitis, Splenic sequestration, Overexpression of platelet migration inhibition factor, Bone marrow failure, particularly in the myelosuppressive form of CME or a combination of these factors    [35, 19, 60, 16] . 

6.1 Mechanisms of Thrombocytopenia
The thrombocytopenia observed during the acute phase of CME can result from multiple mechanisms, Increased platelet consumption at sites of vascular endothelial injury, Enhanced platelet destruction within the spleen and  Immune-mediated platelet lysis, due to the presence of anti-platelet antibodies These combined effects lead to reduced circulating platelet levels and contribute to the bleeding tendency commonly seen in infected dogs.

6.2 Disease progression and clinical severity:

In immunocompetent dogs, Ehrlichia canis infection may be cleared during the acute or subclinical phases [15, 44, 34]. However, in some cases, the disease progresses to the chronic phase, which is associated with bone marrow (BM) aplasia, bi- or pancytopenia in peripheral blood, and a high risk of mortality due to septicemia or severe hemorrhage [29]. Interestingly, myelosuppression can occasionally occur shortly after recovery from the acute phase or even in the absence of any prior clinical signs of acute infection [29]. Given this variability in disease expression, the classification into “non-myelosuppressive” and “myelosuppressive” forms of canine monocytic ehrlichiosis (CME) may offer a more accurate reflection of the disease's clinical severity, regardless of the chronological stage of infection [43].

7. CLINICAL FINDINGS

The clinical presentation of Ehrlichia canis infection in dogs can vary widely, ranging from mild, non-myelosuppressive forms to severe, life-threatening myelosuppressive disease [60]. Canine monocytic ehrlichiosis is characterized by three stages, acute, subclinical and chronic but these can be difficult to definitively distinguish in practice.

7.1 Acute Phase

The acute phase of canine ehrlichiosis typically lasts 3 to 5 weeks and is characterized by a range of clinical signs including fever, anorexia, depression, lymphadenopathy, and splenomegaly. Additional symptoms may include ocular discharge, pale mucous membranes, neurological signs, and hemorrhagic tendencies. Bleeding manifestations such as epistaxis (Fig.1), melena, hematemesis, and petechial or ecchymotic hemorrhages(Fig.2) on the oral gums and ventral abdomen are commonly observed. These are primarily caused by thrombocytopenia and vascular endothelial damage, which results from the deposition of immune complexes along vessel walls [9] . Edematous conditions like ascites arise due to hypoproteinemia or hypoalbuminemia, often in conjunction with vasculitis   [5, 45, 52] . Other clinical signs reported include uremia, icterus, ascites, and lameness [10]. The most frequent hematological abnormalities during this phase are thrombocytopenia and anemia  [17, 57, 31].
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                                             Fig:1 Epistaxis                Fig: 2 Petechial hemorrhages

7. 2 Subclinical Phase

Following the resolution of acute symptoms, many dogs enter a prolonged subclinical phase that can last for several years [59] . During this period, infected dogs show no or minimal clinical signs but may act as asymptomatic carriers, harboring persistent infections. The prevalence of infection during the summer months correlates with peak activity of the tick vector, Rhipicephalus sanguineus [50]. Notably, German Shepherd  are considered more susceptible to a severe form of ehrlichiosis, likely due to an inadequate immunogenic response, whereas other breeds typically experience milder symptoms.

7.3 Chronic Phase

A subset of infected dogs progress to the chronic phase, which can range from mild to severe in intensity. This phase is characterized by recurring clinical and hematological abnormalities, including thrombocytopenia, anemia, and pancytopenia. Affected dogs may exhibit symptoms such as weight loss, depression, petechiae, pale mucous membranes, edema, and lymphadenopathy, multiple organ dysfunction syndrome (often includes liver, kidneys and bone marrow), some Specific clinical signs includes such as pyrexia, pallor, hind limb edema, lameness, limping movement, tetraparesis, lymphadenopathy, polymyositis, muscle wasting, chronic weight loss. Chronic infections are responsible for autoimmune diseases such as glomerulonephritis, uveitis, polyarthritis, articular pain. In severe cases, the response to antibiotic therapy is poor and dogs often die from massive haemorrhage, severe debilitation or secondary infections. 
Additional clinical signs reported more frequently in chronic CME include ulcerative stomatitis, necrotic glossitis, hind limb and/or scrotal edema, bacterial pyoderma and central nervous system manifestations such as seizures, ataxia, vestibular dysfunction, and cervical pain [27,35,37]. Bleeding diathesis tends to be more common and severe during the chronic phase. Ocular involvement is also prevalent and may sometimes be the sole presenting complaint. The most frequent ocular manifestation is anterior or posterior uveitis. Other ocular signs include ocular discharge, blepharitis, conjunctivitis, corneal ulceration, painful necrotic scleritis, secondary glaucoma, and retinal hemorrhage or detachment, which can ultimately lead to blindness.

8.DIAGNOSIS

Mild to moderate thrombocytopenia and/or anemia are often the earliest and most consistent indicators of infection, serving as important diagnostic clues. However, these hematological abnormalities are not specific to CME and should be interpreted alongside clinical signs and confirmatory diagnostic tests   [16,59] .
8.1 Cytology

In naturally infected dogs with presumptive acute CME, cytological examination of buffy coat smears, lymph node aspirates, or a combination of both provides valuable diagnostic information. Definitive diagnosis can be established by identifying Ehrlichia spp. morulae within monocytes (Fig.3), macrophages, and lymphocytes in Romanowsky-type stained smears prepared from buffy coat, lymph node, bone marrow, spleen, liver, or cerebrospinal fluid samples [16, 11, 33, 37, 38].
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                                                       Fig: 3  Morulae in Monocyte

8.2 Blood Serum Biochemistry

Common biochemical abnormalities observed in canine monocytic ehrlichiosis (CME) include hyperproteinemia, hyperglobulinemia, hypoalbuminemia, and mild elevations in liver enzymes such as alkaline phosphatase (ALP) and alanine aminotransferase (ALT) [59, 14, 37, 19,36]. During the acute phase, increased levels of aspartate aminotransferase (AST), ALT, and ALP are indicative of hepatocellular damage. Additional biochemical changes often seen in CME include elevated blood urea nitrogen (BUN), creatinine, globulin, and bilirubin levels, accompanied by a reduction in albumin and the albumin-to-globulin ratio. Occasionally, Ehrlichia canis infection may lead to protein-losing nephropathy secondary to immune complex-mediated glomerulonephritis, resulting in proteinuria and azotemia [31].

8.3 Serology

For the diagnosis of ehrlichiosis, serological tests such as the Indirect Fluorescent Antibody Test (IFAT) and Dot-ELISA kits are commonly recommended to detect Ehrlichia canis IgG antibodies [42]. The IFAT remains the gold standard for serological confirmation due to its high sensitivity and specificity. Antibodies against Ehrlichia canis typically become detectable between 7 and 28 days post-infection. Therefore, dogs in the acute phase of ehrlichiosis may yield false-negative serological results if testing occurs before sufficient antibody production. Additionally, serologic tests may exhibit cross-reactivity with antibodies against other Ehrlichia species, including E. ewingii and particularly E. chaffeensis. There is also some, albeit lesser, cross-reactivity with Anaplasma phagocytophilum antigens [29] . 

8.4 SNAP 4Dx Plus Test

The SNAP 4Dx Plus test is a rapid, point-of-care enzyme-linked immunosorbent assay (ELISA) designed to detect antibodies against peptide antigens from Ehrlichia canis and Ehrlichia ewingii. A positive result indicates prior exposure or potential infection but is not quantitative and does not confirm active infection.
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                                               Fig: 4   Rapid Test Kit                     

8.5 Molecular Diagnosis

PCR provides a highly sensitive method for the early detection of Ehrlichia organisms, typically within 4 to 10 days post-inoculation. Additionally, PCR allows for molecular characterization and quantification of the pathogen, especially when using real-time PCR techniques [48, 20,53, 2]. PCR is also superior to serology for detecting concurrent infections with different Ehrlichia species and is valuable for post-treatment monitoring [6, 30, 22, 61]. However, its diagnostic sensitivity may be reduced in dogs suffering from profound aplastic pancytopenia [38] . Several PCR assays have been developed targeting specific genes such as the 16S rRNA and p30 genes to detect E. canis infections. Among these, the p30-based nested PCR assay has shown higher sensitivity compared to the 16S rRNA-based assay [53] . [20,53] performed Ehrlichia genus amplification using Nucleotide sequence Forward: ECC: 5’ AGAACGAACGCTGGCGGCAAGCC 3’ Reverse: ECB: 5’ CGTATTACCGCGGCTGCTGGC 3’ . The condition forfor PCR cycling and amplification of E. canis was given in he table No.1 and No.2
Table. No. 1 PCR cycling condition for Ehrlichia species
	Initial Denaturation
	Denaturation
	Annnealing
	Extension
	Final Extension

	94 ° C for 2 min
	94 ° C for 1 min
	56° C for 1 min
	72° C for 30 sec
	72 ° C for 6 min

	
	Repeat for 35 cycles
	


Table. No. 2 PCR cycling conditions for the amplification of E. canis

	Initial denaturation 


	Denaturation
	Annnealing
	Extension
	Final Extension

	94 °C for 5 min 


	94 ° C for 1 min 


	60 ° C for 1 min 


	72° C for 1 min 


	72 ° C for 6 min 



	
	Repeated for 40 cycles 


	


9. ZOONOTIC POTENTIAL 

 E. canis DNA has been detected in some human patients with clinical signs of human monocytic ehrlichiosis suggesting that E. canis might be a cause of monocytic ehrlichiosis in people. Affected people have headache, fever and thrombocytopenia, with or without leukopenia and respond to doxycycline treatment. Although direct dog-to-human transmission does not reported and blood from affected dogs should be handled with caution [55].

10. TREATMENT

Antimicrobial options include Tetracyclines (oxytetracycline, minocycline, doxycycline), Rifampicin, Imidocarb dipropionate, Homeopathic medicine Crotalus horridus. Among these, tetracyclines were the first antibiotics successfully used against canine monocytic ehrlichiosis (CME). Doxycycline, a semi-synthetic tetracycline, is the preferred first-line treatment based on experimental and clinical evidence. The recommended doxycycline protocol is 10 mg/kg once daily orally, or 5 mg/kg twice daily orally for a minimum duration of four weeks. This regimen typically ensures a satisfactory clinical response [34, 61]. Shortening the doxycycline treatment duration has been shown to result in incomplete elimination of E. canis, allowing dogs to remain carriers without showing clinical signs [41, 24]. Therefore, a full four-week course is strongly advised to prevent persistent infection and carrier status.  

Unlike other tetracyclines, doxycycline is considered safe and does not cause discoloration of enamel. Vomiting is the second most common side effect of tetracyclines, but this can be minimized by splitting the daily dose into two smaller doses or administering the medication after feeding. Prolonged use of doxycycline can lead to hepatocyte damage, so liver enzyme levels should be monitored regularly, and treatment paused if enzyme levels rise significantly [25, 11] . 
Imidocarb dipropionate, an antiprotozoal drug, was previously thought to be effective against canine ehrlichiosis, but recent studies suggest it is primarily useful during co-infections and is not effective against E. canis alone  [56, 13]. Nevertheless, imidocarb dipropionate has been successfully used to treat resistant E. canis infections at a dose of 6.6 mg/kg, administered twice with a 14-day interval, either intramuscularly or subcutaneously. It is also effective against Babesiosis and Anaplasmosis, though it is relatively expensive. 

Rifampicin 10 mg/kg, administered orally once daily (SID) for 3 weeks. Post-treatment results showed resolution of hematological abnormalities and E. canis DNA was no longer detectable by PCR [56] has shown potential in experimental in vitro studies [41] , but clinical evidence indicates that while it may reduce symptom severity, it does not eliminate the pathogen from infected cells [3] .

Minocycline used in veterinary practice as an alternative to doxycycline. Dosage: 10 mg/kg body weight, orally twice daily (BID) for 4 weeks. Due to its greater lipophilicity and higher tissue penetration, minocycline may be more effective in cases where E. canis has invaded the central nervous system. It is widely available and often more cost-effective than doxycycline [24] . 

Homeopathic Therapy A study reported that the homeopathic remedy Crotalus horridus 200C, given as 4 pills orally for 20 days, had comparable effectiveness to doxycycline in managing ehrlichiosis infections [31]. While promising, such treatments require further validation in larger controlled studies. Supportive Therapy Blood transfusions are critical for dogs suffering from severe anemia to stabilize them and prevent fatal outcomes. In addition, symptomatic management including fluid therapy, antipyretics, and nutritional support should be provided based on the severity and presentation of clinical signs.
11. PREVENTION AND CONTROL

Despite recovery from natural infection, dogs do not develop lifelong immunity to Ehrlichia canis, leaving them susceptible to re-infection [40]. Therefore, vector control is the cornerstone of ehrlichiosis prevention. Effective control strategies include, Regular application of acaricides, such as, Pyrethroids Pyrethroids like  deltamethrin concentration 0.025-0.05% @ 2-5ml/kg bwt, Phenylpyrazoles like  10% fipronil spot on @ 6-7mg/kg bwt (0.1ml/kg ) apply on the skin between the shoulder blades for small dogs, for large dogs apply 2-3 spots along the back. Isoxazolines like fluralaner @ 25-56mg/kg bwt,, Amitraz 4 ml of 12.5% conc to 1 litre of water apply thoroughly over the body repeat every 7-14 days.  Manual tick removal, Environmental management by Amitraz 12.5 % @2-4 ml in 1 litre of water. Spray on walls, floors  and bedding areas.
12. CONCLUSION

Canine Monocytic Ehrlichiosis (CME) is a globally distributed tick-borne disease that continues to pose a significant threat to pet, stray, and working dogs. It presents in multiple clinical forms, with severe and chronic cases often proving fatal. Given the variable nature of the disease, reliable diagnosis requires a combination of tests, as reliance on a single serological result is inadequate. The common practice of empirical doxycycline use raises concern over the potential emergence of drug-resistant E. canis strains. Hence, antimicrobial treatment should be reserved for dogs with confirmed active infection. As ehrlichiosis is zoonotic, precautions must be taken by pet owners, handlers, veterinarians, and laboratory personnel. Proper biosafety and hygiene measures are essential when handling infected dogs or biological samples. Overall, early detection, rational drug use, vector control, and public awareness are key to managing and preventing this serious canine disease.
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