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Summary:
	In June of 2016, an 11-year old Standardbred mare presented to Cornell’s Large Animal Medicine Service for evaluation of a fever of unknown origin and a twelve-hour history of lethargy and inappetence. Initial diagnostics included point of care bloodwork and ultrasound of both the thoracic and abdominal cavities. An increased amount and echogenicity of free abdominal fluid was noted and subsequently sampled. With the characteristic presentation and abnormalities found on abdominal fluid analysis, a preliminary diagnosis of Actinobacillus peritonitis was made and treatment was initiated. This diagnosis was later confirmed by positive culture of Actinobacillus spp. in the abdominal fluid. The focuses of this case include the classic presentation of Actinobacillus equuli peritonitis in horses, characteristic results of a diagnostic workup, the standard approach and rationale for treatment, and discussion of the rare incidence of and the possible pathogenesis of this disease. 

Case History: 
	The mare was uncharacteristically disinterested in her hay the morning of presentation with no clinical indication of pain or colic. The client found her to have a fever of 103°F and called the referring veterinarian for an assessment. On ultrasound examination, the referring veterinarian noted mild changes in the pleural surfaces of the lungs bilaterally as well as increased free abdominal fluid. The remainder of the physical exam was unremarkable. The mare was given 10cc of flunixin meglumine (Banamine) and referred to Cornell. Following administration of flunixin meglumine, the mare regained her appetite while on her trip to the Cornell hospital. The mare had been otherwise healthy and maintained on a regular deworming schedule. She was most recently dewormed with ivermectin 3 months prior to presentation. There were a number of horses that visited the farm recently, however no other animals at the barn were sick.  

Clinical Findings: 
	On presentation, the mare was quiet, alert and responsive. She continued to have an elevated rectal temperature (103.6°F) on her initial intake exam, however her heart rate and respiratory rate were within normal limits. Apart from mildly tacky mucous membranes and slightly decreased borborygmi, the physical exam was relatively unremarkable. Pulmonary auscultation and rectal exam were both within normal limits. 
	Hemogram results revealed a moderate leukopenia (3.9 thou/uL) characterized by mild neutropenia (2.6 thou/uL) with a left shift (band neutrophils: 0.2 thou/uL) and moderate toxic changes. The mare also had a mild lymphopenia (1.1 thou/uL) and a high-normal fibrinogen level (200 mg/dL). These changes reflected a systemic inflammatory process with evidence of endotoxemia. The chemistry panel showed a number of mild electrolyte imbalances including hyponatremia, hypokalemia, hypochloremia, hypocalcemia, hypophosphatemia and hypomagnesemia as well as elevated indirect and total bilirubin (3.7 mg/dL and 4.0 mg/dL, respectively). Elevated bilirubin parameters were attributed to the recent history of inappetence. 
	Thoracic ultrasound confirmed mild irregularities to the pleural surfaces of the cranioventral lung fields bilaterally. Abdominal ultrasound revealed mildly thickened small intestinal walls (~0.5 cm, normal < 0.3 cm) as well as the presence of a small amount of echogenic free abdominal fluid. This increase in amount and echogenicity of free fluid was assessed as abnormal. 
Abdominocentesis was performed in the right paramedian aspect of the ventral abdomen and produced a small amount of turbid, opaque yellow-orange fluid. Analysis of the fluid showed elevated total protein content (5.3g/dL, N: <2.0g/dL), elevated lactate content (11.6 mmol/L, N: <0.7 mmol/L), and a markedly increased cell count (617.3 thou/uL, N: < 5 thou/uL). Fluid was submitted for cytologic analysis and revealed that the cell population was 90% leukocytes, and greater than 90% of this population was characterized as mildly degenerate toxic neutrophils with occasional intracellular rod bacteria. Final cytology analysis stated a marked suppurative septic peritonitis with intracellular Gram negative rods. 
	
Problem List and Assessment:
With the presenting complaints, physical exam findings and initial diagnostic results, a prioritized problem list and assessment were made. Results of the fluid cytology allowed for diagnosis of septic peritonitis. Changes in the white blood cell parameters and morphology were assessed as indications of endotoxemia. Lastly, the changes seen on thoracic ultrasound were interpreted as a mild pleuritis. 

Differential Diagnosis:
Though the differentials for peritonitis are extensive, the bacteria seen on cytology allowed for focusing on bacterial causes of peritonitis. Based on the acute onset of the mild clinical signs in an otherwise healthy mare, the main differential was Actinobacillus equuli peritonitis. Other possible causes of bacterial peritonitis included mixed enteric bacteria in the event of ruptured bowel, Streptococcus equi subsp. equi or Rhodococcus equi in the event of a ruptured intraabdominal abscess, or other bacteria such as Streptococcus zooepidemicus or Corynebacterium pseudotuberculosis.

Treatment:
Approach to treatment included multi-pronged intravenous fluid therapy, intravenous anti-inflammatories, broad spectrum intravenous antibiotics, prophylaxis for laminitis secondary to endotoxemia and prophylactic omeprazole. 
Intravenous fluid therapy included Plasmalyte, CMPK solution, and a lidocaine infusion. Plasmalyte with 20mEq/L potassium chloride supplementation was administered at 1L/hour for fluid resuscitation and maintenance requirement for 24 hours. CMPK solution containing calcium, magnesium, phosphorus, and potassium was used to aid in replacement of electrolytes. Lastly, the lidocaine infusion (571ml/hour) served multiple purposes: gastrointestinal prokinesis, anti-endotoxic effects, and overall analgesic effects. 
Flunixin meglumine (Banamine) was initiated at 1.1 mg/kg IV every 12 hours for anti-pyretic, anti-inflammatory, and anti-endotoxic effects. This dose was decreased to an anti-endotoxic dose of 0.25mg/kg IV every 6 hours after the mare’s fever resolved. Broad spectrum antimicrobial therapy was instituted while sensitivity results were pending. Chosen antibiotics included potassium penicillin (K-Pen) for Gram positive activity and enrofloxacin (Baytril) for Gram negative activity and good tissue penetration. Sensitivity testing subsequently revealed susceptibility to enrofloxacin and trimethoprim sulfa, among others and resistance to potassium penicillin. Given the results of the sensitivity testing, administration of potassium penicillin was then discontinued. The mare was placed in ice boots for cryotherapeutic prevention of laminitis. Flunixin meglumine and ice boots were discontinued once indications of endotoxemia were no longer present on hemogram analysis. 

Outcome:
Within 12-24 hours of treatment initiation, the mare improved dramatically with return of appetite, resolution of fever, and improvement and eventual resolution of endotoxemia.  Repeat abdominal ultrasound evaluations 1 day and 4 days post-presentation were normal. Following discontinuation of intravenous fluids and flunixin meglumine, the mare was transitioned to oral trimethoprim sulfa antibiotics after four days of intravenous enrofloxacin. After five days in-hospital, the mare was discharged with an excellent prognosis. Five months after discharge, the owner reported the mare was doing well, with no recurrence of fever, lethargy, or inappetence.  

Discussion:
Actinobacillus equuli is a gram negative pleomorphic rod and commensal bacteria of the equine oral cavity, pharynx, upper respiratory and GI tracts. Known for causing sleepy foal disease in young foals, this bacterium also has the capacity to create opportunistic infections in adult horses. Disease in adult horses can present in a myriad of ways including peritonitis, pleuritis, pericarditis, nephritis, abortion and septicemia. (Smith, G., 2013)
The incidence of disease in adult horses is relatively rare, however the clinical presentation of Actinobacillus peritonitis is extremely characteristic and recognizable. The most common presenting complaints include acute onset of inappetence, lethargy, and/or mild signs of pain or colic. Physical examination often reveals elevated rectal temperature and decreased borborygmi. Nearly 100% of cases have abnormally colored peritoneal fluid with elevated total protein content as well as a marked elevation in nucleated cell count. Matthews et al. (2001) also reported observation of pleomorphic Gram-negative rods in 53% of cases with positive cultures of Actinobacillus equuli in approximately three-quarters of samples. Other common findings found on additional diagnostics include mild hemoconcentration, hypoproteinemia, left shift and increased fibrinogen. (Matthews et al, 2001). 
Overall, Actinobacillus related disease is relatively rare in adult horses, however the incidence of Actinobacillus peritonitis is much higher in Australia for unknown reasons (Mogg & Dykgraaf, 2006). Due to its rare occurrence, the pathogenesis of Actinobacillus is not completely understood. However, the literature offers a few potential explanations. These theories stemming from case reports explore a few different inciting causes, though they are linked in that they each rely on or suggest some level of compromise to the mucosal barrier resulting in disease.
The most well-known and long-standing theory links migration of parasitic larvae to the occurrence of Actinobacillus peritonitis. This theory was born from and supported by research that cultured Actinobacillus species from lesions of verminous arteritis caused by Strongylus vulgaris larvae (Patterson-Kane et al., 2001). It was thus postulated that as these larvae migrated from the intestinal tract, they tracked Actinobacillus equuli with them which would subsequently induce an opportunistic infection in the peritoneal cavity. This theory thus leads to the belief that irregular deworming is a risk factor for Actinobacillus peritonitis. However, not all case reports will support this. For instance, a 2011 report by Watts et al. describes the case of a horse who presented multiple times with recurrent A. equuli peritonitis over several years despite a regular and aggressive larvacidal program. 
Another possible explanation for pathogenesis of Actinobacillus disease was explored following an epidemic of Mare Reproductive Loss Syndrome (MRLS) in 2001 in Kentucky. A large number of mares experienced abortions, some early term and some late term, with concurrent pericarditis. Many of the aborted foals and pericardial effusions cultured and thereby suggested involvement of Actinobacillus equuli. After extensive research, it was found that the epidemic was linked to a recent bloom of Eastern tent caterpillars (Malacosoma americanum) and damage to the mucosa incurred by their barbed spines (setae) upon ingestion. Histopathology of similarly affected swine has demonstrated “multiple intestinal microgranulomas…each containing a minute central setal fragment.” These findings were extended to the MRLS pathogenesis, postulating that these “septic penetrating setal fragments” initiated and drove the subsequent disease. 
Patterson-Kane, J.C. et al. (2001) explore yet another possibility of Actinobacillus equuli translocating the gut via mucosal ulcerations. Following aggressive treatment of phenylbutazone for laminitis, the Saddlebred mare of Patterson-Kane’s report was found dead without any premonitory signs of peritonitis or colic. Necropsy revealed multifocal ulcers throughout the colonic and cecal mucosa and positive Actinobacillus spp. pure cultures of lung, liver, kidney and mesenteric lymph nodes. Assessment of this case was an acute septicemia and peritonitis due to Actinobacillus equuli as a sequela to intestinal ulceration. (Patterson-Kane, J.C., 2001)
	As previously mentioned, A. equuli is also capable of creating respiratory disease. Several case reports noted the presence of harsh lung sounds with pleural effusion of a similar content and analysis as the characteristic peritoneal fluid (Matthews, S et al, 2001; Stewart, A., 2006). In a subset of the cases in which thoracocentesis was performed, Actinobacillus spp. were cultured. The mare of this case report had been noted to have mild pleuritis bilaterally, but did not exhibit any clinical signs of respiratory disease. It is possible this pleuritis was either an incidental finding or potentially associated with the ongoing peritonitis, such as the cases described in the literature.
Despite its rarity and incompletely understood pathogenesis, it is crucial that equine practitioners be able to recognize Actinobacillus peritonitis, as it is a highly treatable disease with an excellent long-term prognosis. The bacteria are highly susceptible to antibiotics, with penicillin and gentamicin being the most widely recommended approach. Affected horses show a rapid response to treatment, with most horses appearing clinically normal within 48 hours of treatment initiation (Matthews, S., 2001). This rapid response and excellent prognosis are in stark contrast to other forms of peritonitis which, depending on the inciting cause, can have mortality rates reaching as high as sixty-seven percent. The mare of this case report remained true to the classic presentation, common diagnostic changes, and rapid response to appropriate treatment. 
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