


Case Report
Occult Co-infection with Ehrlichia canis and Hepatozoon canis in a Dog Diagnosed by Real-Time PCR: A Sentinel Case from a One Health Perspective
Abstract
[bookmark: _GoBack] 	To describe the diagnosis and management of a concurrent Ehrlichia canis and Hepatozoon canis infection that was not evident from history, clinical examination, haematology or biochemistry, and to discuss its relevance to One Health surveillance. A two-year-old female Labrador Retriever with a history of tick fever was presented for a health check. Haematology showed mild microcytic anaemia, and biochemistry showed hyperglobulinaemia (albumin 22 g/L; globulin 61 g/L; albumin-to-globulin ratio 0.36). Real-time polymerase chain reaction detected E. canis (cycle threshold 29.81) and H. canis (cycle threshold 31.66), whereas Babesia canis complex and Babesia gibsoni were not detected. The dog received doxycycline (10 mg/kg orally once daily for 28 days), supportive therapy and a single oral dose of fluralaner. Repeat testing after 28 days was negative for both pathogens. The co-infection was identified only by molecular testing. Clearance of H. canis after doxycycline alone is unexpected, because doxycycline has no dependable activity against this parasite; a single negative result may reflect parasitaemia below the detection limit rather than elimination, so follow-up testing is advisable. Because the brown dog tick shares human habitats, such cases can act as sentinel events within a One Health framework. Multi-pathogen molecular testing should be considered whenever tick fever is suspected, with repeat testing after treatment.	Comment by A: Albumin/globulin  
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1. Introduction
 	Tick-borne pathogens are a persistent cause of morbidity in dogs in tropical and subtropical regions. Among them, Ehrlichia canis, the agent of canine monocytic ehrlichiosis, and Hepatozoon canis, an apicomplexan protozoan, are two of the most frequently reported, and both are associated with the brown dog tick, Rhipicephalus sanguineus sensu lato (s.l.) (Neer et al., 2002 and Baneth, 2007). A survey of 525 dogs in four Indian cities detected                  H. canis in about 30% and E. canis in about 20.6%, making them the two most common canine tick-borne pathogens found (Abd Rani et al., 2011).
	Co-infection complicates diagnosis. Lethargy, pallor, mild pyrexia and weight loss are shared by many conditions, and routine haematology may be unremarkable or show only non-specific change. In the Indian survey, microscopy revealed Hepatozoon gamonts in only 2.3% of dogs, whereas polymerase chain reaction (PCR) detected one or more tick-borne pathogens in 49.7% (Abd Rani et al., 2011), and a definitive diagnosis of E. canisinfection requires molecular techniques (Harrus and Waner, 2011).	Comment by A: E. canis infection
	This report describes a dog in which both pathogens were identified only by molecular testing. It also discusses the choice of antibiotic and ectoparasiticide and the relevance of the case to community-level surveillance.
2. Case Presentation
2.1. Signalment and history
	 A two-year-old female Labrador Retriever, named Daffny, was presented to PetBliss Animal Multispeciality Clinic, Kolathur, for a health check. The owner reported a previous episode of tick fever. 28 kg body weight, 103.8 °F rectal temperature, pale mucous membrane, lymph node normal in size and no tick burden at presentation, and presented on 5th January, 2026 and 4th February,2026 for recheck up.
2.2. Haematology and biochemistry
	 Haematology showed a mild microcytic anaemia, whereas leukocyte and platelet counts were within reference intervals (Table 1). Biochemistry revealed hyperproteinaemia, hypoalbuminaemia, hyperglobulinaemia with a low albumin-to-globulin ratio, and liver and renal parameters were unremarkable.







Table 1. Haematological and biochemical findings
	Parameter
	Conventional Result
	Reference interval in Conventional unit
	Converted to SI Equivalent
	Reference interval in SI Unit
	Interpretation

	Red blood cells
	5.19 million/cu.mm.
	5.50-8.50 million/cu.mm.
	5.19 × 1012/L
	5.5–8.5 × 1012/L

	Mildly reduced

	Haemoglobin
	9.9 g/dL
	12.0-18.0 g/dL
	99 g/L
	120–180 g/L

	Mildly reduced

	Packed cell volume
	31.0%
	37-55 %
	0.31 L/L 
	0.37–0.55 L/L

	Mildly reduced

	Mean corpuscular volume
	59.7 fL
	66.0-72.0 fL
	59.7 fL
	60–72 fL

	Microcytic

	Mean corpuscular haemoglobin
	19.0 pg
	19.5-25.5 pg
	19.0 pg
	19.5–25.5 pg

	Low

	White blood cells
	8.2 × 10³/cumm
	6.0-17.0 × 10³/cumm
	8.2 × 109/L
	6.0–17.0 × 109/L

	Within limits

	Platelets
	324 × 10³/cumm
	200-500 × 10³/cumm
	324 × 109/L

	200–500 × 109/L

	Within limits

	Total protein
	8.3 g/dL
	5.4-7.1 g/dL
	83 g/L

	54–71 g/L

	Increased

	Albumin
	2.2 g/dL
	2.6-3.3 g/dL
	22 g/L

	26–33 g/L

	Decreased

	Globulin
	6.1 g/dL
	2.7-4.4 g/dL
	61 g/L

	27–44 g/L

	Increased

	Albumin:globulin ratio	Comment by A: /
	0.36
	0.59-1.11
	0.36

	0.5–1.1

	Decreased



2.3. Molecular diagnosis
 	The history and routine laboratory picture left the diagnosis uncertain, so a whole blood sample was submitted for a real-time PCR panel for common canine vector-borne pathogens. E. canis (Ct 29.81) and H. canis (Ct 31.66) were detected, whereas the B. canis complex and B. gibsoni were not (Table 2). Co-infection was therefore confirmed and babesiosis was excluded, which narrowed the differential diagnosis and directed treatment. Ct values from different targets are not directly comparable, so they are reported here without inference about parasite load.



Table 2. Real-time PCR panel results
	Pathogen
	Result*
	Ct value

	Ehrlichia canis
	Positive
	29.81

	Hepatozoon canis
	Positive 
	31.66

	Babesia canis complex
	Negative
	–

	Babesia gibsoni
	Negative
	–


Note: Ct, cycle threshold; – , not applicable; * , Results given by the laboratory based on Table 3. values 	Comment by A: ?
Table 3. Interpretation of Ct values
	Ct Value

	Interpretation


	32-35

	Light Positive (<100 copies/Rxn)


	29-32

	Medium Positive (100-1000 copies/Rxn)


	<29

	High Positive (>1000 copies/Rxn)




2.4. Treatment and outcome
	 The dog received doxycycline at 10 mg/kg body weight orally once daily after food for 28 days. Empirical supportive therapy comprised pantoprazole (40 mg once daily, before food), an iron-based haematinic tonic (5 mL twice daily, after food) and a hepatic support syrup (10 mL twice daily, before meals). A single oral fluralaner tablet 1000 mg of total dose for body weight ranging from 20-40kg [Vetecto 1000mg tablet] was administered for tick control. The owner returned after 28 days, and repeat PCR for E. canis and H. canis was negative.
3. Discussion
3.1. Why routine tests were insufficient
	 The clinical and laboratory picture did not point firmly to a vector-borne aetiology. Hyperglobulinaemia is consistent with the chronic antigenic stimulation of ehrlichiosis (Harrus and Waner, 2011) but is not specific. Neer et al., (2002) described thrombocytopenia and mild non-regenerative anaemia are a more frequent haematological abnormalities in canine ehrlichiosis, although platelet counts may be normal. The microcytosis may reflect a concurrent iron-related or chronic blood-loss component that was not investigated. Together, these findings show how a co-infection can remain hidden beneath an apparently routine profile and why molecular confirmation was decisive. Real-time PCR detects pathogen nucleic acid, allows several pathogens to be examined from one sample and is far more sensitive than blood-smear microscopy (Abd Rani et al., 2011; Harrus and Waner, 2011).
3.2. Choice of antibiotic: doxycycline
 	Doxycycline is the first-line drug for canine monocytic ehrlichiosis because of its tissue penetration, convenient dosing and favourable clinical response, and a course of 3 to 4 weeks is recommended, with 28 days at 10 mg/kg once daily specified by the ACVIM consensus (Mylonakis et al., 2019; Neer et al., 2002). Evidence on parasitological cure is mixed. Doxycycline at 5 mg/kg twice daily for 3 to 4 weeks cleared E. canis DNA from the blood and tissues of experimentally infected dogs (Eddlestone et al., 2007), whereas dogs treated with a 28-day regimen during the chronic phase of infection remained intermittently PCR-positive (McClure et al., 2010). Post-treatment PCR monitoring is therefore valuable, and in this dog the 28-day recheck coincided with the end of therapy so that a single visit could answer both the clinical and the diagnostic question.
3.3. Hepatozoon canis and the interpretation of the negative recheck
	H. canis is acquired when a dog ingests an infected tick rather than through a tick bite (Baneth et al., 2007). Doxycycline has no dependable activity against the parasite, and imidocarb dipropionate, the agent most often used (Baneth, 2011), failed to eliminate infection in three naturally infected dogs treated repeatedly over eight months (Sasanelli et al., 2010). Imidocarb was therefore deliberately withheld at the outset, and a persistent H. canis signal on recheck, rather than a reflex combination protocol, would have been the trigger to add it.
	Both organisms were undetectable at recheck. For H. canis this result should be interpreted cautiously. Given the lack of doxycycline activity against the parasite, possible explanations include parasitaemia fluctuating below the detection limit, limited assay sensitivity and spontaneous clearance, and a single negative PCR does not establish cure. Repeat PCR at three and six months is advisable.
3.4. Ectoparasiticide selection: Fluralaner
 	E. canis is transmitted through the bite of infected R. sanguineuss.l., whereas H. canis is acquired by ingestion of an infected tick (Baneth et al., 2007; Neer et al., 2002). Effective and sustained tick control is therefore essential in a dog that has already had tick fever. In a laboratory trial involving authors from the product manufacturer, fluralaner killed 99.6% of attached R. sanguineus s.l. within 8 hours and achieved complete kill from 12 hours onward, whereas an imidacloprid–permethrin combination reached only 80.1% at 48 hours (Burgio et al., 2016). 	Comment by A: Delete
Or
R. sanguineus s.l.
 	Afoxolaner, sarolaner and lotilaner are also effective, with speed of kill varying by product and tick species (Reif et al., 2024; Six et al., 2016). A single oral fluralaner dose gives protected dogs against R. sanguineus s. l. nymphs for upto 12 weeks, although efficacy at 48 hours fell below 90% on some days (Allen et al., 2020), whereas afoxolaner is given monthly (Reif et al., 2024). For a relapse-prone dog, fewer administrations may improve owner compliance, and the 12-week span comfortably exceeds the 28-day recheck interval.	Comment by A: R. sanguineus
3.5. One Health relevance and recommendations
 	Dogs share households, yards and public spaces with people, and their outdoor lifestyle increases the probability of tick contact, so companion animals can act as early sentinels of vector activity (Otranto et al., 2009). E. canis and H. canis are not classical human pathogens, but the same ticks and environments can carry Rickettsia, Anaplasma and other Ehrlichia species of human importance (Otranto et al., 2009). Local risk is shaped by seasonal tick activity, climatic warming and free-roaming dogs, which tend to carry heavier infestations, and environmental control should target the places where dogs rest (Dantas-Torres, 2010). When multi-pathogen molecular panels are applied systematically, a clinical diagnostic tool also becomes a surveillance tool.
 	Veterinarians should use multi-pathogen molecular panels, rather than single-pathogen tests, whenever tick fever is suspected and should repeat testing after therapy. Public health authorities should treat veterinary case reporting as an early-warning signal of local vector-borne disease burden. Communities should support shared tick control and environmental management as a joint human–animal protective measure.
3.6. Limitations
 	This is a single case. Ct values are not comparable across laboratories or targets, and the cause of the microcytosis was not investigated. A negative PCR at 28 days shows only that no DNA was detectable at that time and does not prove sterilising cure, so continued tick prevention and clinical follow-up remain appropriate.

4. Conclusion
 	A co-infection with E. canis and H. canis remained undetected by history, examination, haematology and biochemistry and was resolved only by real-time PCR. A 28-day doxycycline course with single-dose fluralaner tick control was followed by negative PCR results for both agents, although the H. canis result needs confirmation on follow-up. Molecular co-testing should be considered whenever tick fever is suspected, and such cases deserve to be viewed as sentinel events at the interface of animal, environmental and human health.
Declaration
Competing Interests: Authors have declared that no competing interests exist.
Ethical Approval: Not required.	Comment by A: Since blood was drawn from the dog, it is necessary.
Declaration of AI Use



This manuscript was prepared through the intellectual contributions of the author(s) to the study design, data analysis, interpretation of results, and scholarly content. Grammarly and ChatGPT were used solely to assist with grammatical refinement and reference formatting during manuscript revision. The author(s) accept full responsibility for the accuracy, integrity, and final content of the manuscript.	Comment by A: The font, size, line spacing, and alignment of this paragraph should be adjusted to match the rest of the article.

	Abbreviations
	Expansion

	Ct
	cycle threshold

	PCR
	polymerase chain reaction

	Rxn
	Reaction

	s.l.
	sensu lato



References
1. Abd Rani, P. A. M., Irwin, P. J., Coleman, G. T., Gatne, M., and Traub, R. J. (2011). A survey of canine tick-borne diseases in India. Parasit Vectors, 4, 141. https://doi.org/10.1186/1756-3305-4-141
2. Allen, K., Little, S., Petersen, M., Gruntmeir, J., Barrett, A., Herrin, B., et al. (2020). Evaluation of oral fluralaner (Bravecto®) for efficacy against nymphs of Amblyomma americanum and Rhipicephalus sanguineus (sensu lato). Parasit. Vectors, 13, 315. https://doi.org/10.1186/s13071-020-04179-y
3. Baneth, G. (2011). Perspectives on canine and feline hepatozoonosis. Vet Parasitol, 181(1), 3–11.
4. Baneth, G., Samish, M., and Shkap, V. (2007). Life cycle of Hepatozoon canis (Apicomplexa: Adeleorina: Hepatozoidae) in the tick Rhipicephalus sanguineus and domestic dog (Canis familiaris). J Parasitol, 93(2), 283–299.	Comment by A: Canis familiaris
5. Burgio, F., Meyer, L., and Armstrong, R. (2016). A comparative laboratory trial evaluating the immediate efficacy of fluralaner, afoxolaner, sarolaner and imidacloprid + permethrin against adult Rhipicephalus sanguineus (sensu lato) ticks attached to dogs. Parasit. Vectors, 9, 626. https://doi.org/10.1186/s13071-016-1900-z
6. Dantas-Torres, F. (2010). Biology and ecology of the brown dog tick, Rhipicephalus sanguineus. Parasit. Vectors, 3, 26. https://doi.org/10.1186/1756-3305-3-26
7. Eddlestone, S. M., Diniz, P. P. V. P., Neer, T. M., Gaunt, S. D., Corstvet, R., Cho, D., et al. (2007). Doxycycline clearance of experimentally induced chronic Ehrlichia canis infection in dogs. J Vet Intern Med, 21(6), 1237–1242. https://pubmed.ncbi.nlm.nih.gov/18196732
8. Harrus, S., and Waner, T. (2011). Diagnosis of canine monocytotropic ehrlichiosis (Ehrlichia canis): An overview. Vet J, 187(3), 292–296.	Comment by A: Ehrlichia canis
9. McClure, J. C., Crothers, M. L., Schaefer, J. J., Stanley, P. D., Needham, G. R., Ewing, S. A., et al. (2010). Efficacy of a doxycycline treatment regimen initiated during three different phases of experimental ehrlichiosis. Antimicrob Agents Chemother, 54(12), 5012–5020. https://doi.org/10.1128/AAC.01622-09
10. Mylonakis, M. E., Harrus, S., and Breitschwerdt, E. B. (2019). An update on the treatment of canine monocytic ehrlichiosis (Ehrlichia canis). Vet J, 246, 45–53. https://doi.org/10.1016/j.tvjl.2019.01.015
11. Neer, T. M., Breitschwerdt, E. B., Greene, R. T., and Lappin, M. R. (2002). Consensus statement on ehrlichial disease of small animals from the Infectious Disease Study Group of the ACVIM. J Vet Intern Med, 16(3), 309–315.
12. Otranto, D., Dantas-Torres, F., and Breitschwerdt, E. B. (2009). Managing canine vector-borne diseases of zoonotic concern: Part one. Trends Parasitol, 25(4), 157–163.
13. Reif, K. E., Kollasch, T. M., Neilson, J. C., Herrin, B. H., Ryan, W. G., Bell, M. C., et al. (2024). Comparative speed of kill provided by lotilaner (Credelio™), sarolaner (Simparica Trio™), and afoxolaner (NexGard™) to control Amblyomma americanum infestations on dogs. Parasit Vectors, 17, 313. https://doi.org/10.1186/s13071-024-06363-w
14. Sasanelli, M., Paradies, P., Greco, B., Eyal, O., Zaza, V., and Baneth, G. (2010). Failure of imidocarb dipropionate to eliminate Hepatozoon canis in naturally infected dogs based on parasitological and molecular evaluation methods. Vet Parasitol, 171(3–4), 194–199. https://doi.org/10.1016/j.vetpar.2010.03.042
15. Six, R. H., Geurden, T., Carter, L., et al. (2016). Evaluation of the speed of kill of sarolaner (Simparica™) against induced infestations of three species of ticks on dogs. Vet Parasitol, 222, 37–42. https://doi.org/10.1016/j.vetpar.2016.02.014.



