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ABSTRACT

Rhodococcus equi is a soil actinomycete responsible for severe respiratory disease in young foals leading to heavy mortality. R. equi is also emerging as a important pathogen in immunocompromised humans. The intracellular localization of this pathogen makes the therapeutic management very difficult making it necessary to resort to lengthy treatment schedules lasting up to three months that too without guarantee of a successful outcome. Presently no suitable vaccine and effective serological test for early diagnosis is available. High mortality rate coupled with non availability of effective early diagnostic methods and cost of prolonged treatments makes it a disease of high economic impact and thus is recognized as one of the most important infectious disease problem affecting equine industry globally.
Introduction
Rhodococcus equi primarily responsible for zoonotic infections in herbivores, mainly horses and foals (Gigue`re et al.,2011a,b). R. equi is emerging as an important pathogen in immunocompromised persons, however it rarely infects immunocompetent humans. 

R. equi infection primarily causes chronic pyogranulomatous pneumonia in 1 to 4 month old foals (Tkachuksaad and Prescott, 1991; Yager et al., 1991; Von Bargen and Haas, 2009). It is ranked among the four most important disease problems of equine industry because of its high prevalence and mortality rate (Muscatello, 2009). Disease occurs in adult horses rarely and in horses with severe immunodeficiency. R. equi may occasionally also cause disease in other body systems. Inflammation of the eye (uveitis), bone infection, lymphadenopathy, inflammation of the joints, diarrhoea and abdominal abscess formation are noted extra-pulmonary complications (Gigue`re and Prescott, 1997). 
R. equi was first isolated in 1923 by Magnusson from lung of a foal with pyogranulomatous pneumonia as Corynebacterium equi in Sweden (Magnusson, 1923). It was reclassified as R. equi in 1977 (Goodfellow and Alderson, 1977). R.equi infection in a human patient was first reported in 1967 in a 29-year-old man with plasma cell hepatitis. Since then, R. equi is reported as opportunistic pathogen in immunocompromised patients, especially those with acquired immunodeficiency syndrome (AIDS)(Weinstock and Brown, 2002), drug therapy (Mizuno et al., 2005) and other immunosuppressive conditions (Napoleão et al., 2005). R. equi infection is associated with significant mortality. The organism can be difficult to eradicate, making treatment challenging at times. Treatment requires prolonged combination antibiotic therapy, sometimes surgical intervention is needed. 

The knowledge about pathogenesis, immunity, preventive and therapeutic management approaches regarding R. equi has increased gradually, yet no effective vaccine is available apart from newer managemental challenges (Venner et al., 2012, 2013; Giguere et al.,2010; Burton et al.,2013; Chaffin et al., 2013)
The disease is direct zoonosis and since the animals are primary reservoirs of the etiological agent, the disease is classified as anthropozoonosis (Khurana, 2014). Comparative analysis of whole cell proteins of R. equi isolates from varied locations showed different protein banding patterns, thus varied on molecular epidemiological basis (Khurana et al., 2014).
Etiology of infection 
         R. equi is a facultative, nonmotile, non–spore-forming, pleomorphic, gram-positive coccobacillus and a intracellular pathogen of macrophages. R. equi is nonfermenting unlike pathogenic corynebacteria, gelatinase negative, catalase positive, usually urease positive, and oxidase negative. The organism is known as Rhodococcus because it forms a salmon pink-coloured pigment. R. equi can be weakly acid-fast. R. equi was previously called Corynebacterium equi and is currently grouped with the aerobic actinomycetes. Of the 40 genera in the actinomycetes group, the Rhodococcus genus is placed among the nocardioform bacteria, along with the genera Mycobacterium ,Nocardia, Gordonia, Tsukamurella, and Corynebacterium. Rhodococcus species include symbionts: (R. rhodnii), pathogens: animals (R. equi), plants(R .fascians), humans(e.g. R. equi, R. rhodochrous, R. erythropolis and several unidentified Rhodococcus species) (Bell et al.,1998). R. equi is mainly a soil organism with simple nutritional and environmental requirements and grows well in animal manure.
Host range among animals and humans
R. equi primarily affects equines especially foals aged between 1-4 months (Prescott,1991; Takai, 1997).  Cattle (Soedarmanto et al.,1997), pigs (Mutimer and Woolcock,1980; Soedarmanto et al.,1997), goats (Jeckel et al., 2011), camels (Kinne et al., 2011) and human beings (Weinstock and Brown, 2002) are also affected. It has been isolated from a variety of land and water animals like cattle, crocodiles and wild birds and even blood sucking arthropods (Prescott,1991). The organism is present in soil all over the world except in Antarctica, in fresh and sea water.
Geographical distribution
The disease is present worldwide with highly variable pattern (Hughes and Sulaiman, 1987). There are many endemic areas and endemic equine farms as animal manure especially horse manure is suitable for growth of this organism in soil and environment (Prescott,1991). Disease was reported in India (Garg et al., 1985; Khurana et al.,2009). The prevalence of R. equi has been reported from several countries including Argentina, Australia, Canada, France, Hungary, Japan, Ireland and others (Allain et al., 2007). In temperate countries disease is common during summer season, whereas this is more common in winter and spring season in tropical areas.

Transmission of disease 

The main route of exposure is by inhalation or ingestion (Martens et al., 1982; Johnson et al., 1983a,1983b). R. equi inhabits the soil and gets entry in the respiratory tract of foal primarily by inhalation of airborne bacteria. Ingestion of soil is another common mode of transmission where bacteria gains entry to the blood stream and it seeds the lungs. 
The organism replicates within the respiratory tract and then is coughed up and swallowed by the foal. Replication continues as the bacteria travel though the intestinal tract after that large amount of R. equi are defecated and regain entry into the soil. Although adults are only very rarely infected, it is known that mares will also contaminate the soil by ingesting bacteria and passing large numbers in their faeces. 
Although R. equi is found in the soil of most farms, pneumonia caused by this organism can be endemic, sporadic or unrecognized depending upon the farm studied. Several factors may influence the incidence of the disease including the degree of contamination on the farm, density of horses, climatic conditions and virulence of the isolate (Weinstock and Brown, 2002).
Human beings acquire infection by inhalation from soil, wound or mucous membrane  inoculation and fromdomestic animals (Weinstock and Brown, 2002). Person to person transmission is rarely understood (Weinstock and Brown, 2002).

Environmental conditions and predisposing causes
R. equi is a robust soil organism widespread in the environment. It grows well in the manure of animals including horses, cattle, pigs and poultry. The organism will potentially multiply wherever there is horse manure. The growth of R. equi is optimum at 30ºC.  R. equi may multiply 10,000 times in a few days in an area contaminated by horse manure.There seems to be a direct relationship between the number of R. equi in the environment of young foals and the number of cases of pneumonia. Because the organism reaches the lung by inhalation, dusty manure-contaminated environments are potentially lethal sources of infection
R. equi can also multiply to dangerous levels in the gastro intestinal tract of a young foal. Foals establish a normal intestinal flora of bacteria from birth to 12 weeks. During this period, they are susceptible to infection due to high levels of R. equi. After 12 week, the bacteria rapidly decline in number and no longer multiply in the intestine. The ability of the organism to multiply in foals, but not in adult horses is likely another reason why horse breeding farms may become progressively infected with R. equi. The endemicity of infection on a farm is directly related to density of foals. That is why some farms become heavily infected with R. equi and develop problems year after year. Disinfection is often difficult to carry out in the stalls and impossible in the loafing paddocks. 

In the first 4 months of life, foals must be protected from potentially serious damage to the lung caused by inhalation of the R. equi bacteria. Foals are more prone to R. equi, compared to piglets or calves, but the reason is not well researched. They grow out of this susceptibility by 5-6 months of age. It is probable that most foals develop antibodies to R. equi without showing apparent disease. The development of natural immunity appears to be slow and is inadequate in the young foals in the face of heavy challenge by inhalation. Presently no vaccines are available. Although the basis of immunity to this pneumonia in foals is not adequately understood, it is difficult to produce vaccines to promote the cellular type of immunity which is probably important in immunity to R. equi infection.

Symptoms and disease manifestations in foals/ equine
The disease usually occurs in foals aged 1-4 months (Tkachuksaad and Prescott, 1991; Yager et al., 1991; Von Bargen and Haas, 2009). The incidence of the disease peaks in foals at 6-12 weeks; this coincides with the period when maternal antibody derived from colostral milk has largely declined and before antibody produced by the foal has developed. Infectious occur rarely in adult horses and they are more common and severe in foals due to compromised immunity (Hondalus and Mosser, 1994). Protective immunity developes in adult horses and in some foals which clears the infection upon re-exposure to virulent  R.equi (Lopez et al.,2002). The disease is insidious in the beginning and clinical detection of the disease in its early stages requires considerable experience. The disease begins with increased diffuse bronchial sounds, often with cough later developing into a rattling sound. Fever follows within 1-2 days associated with an increased respiratory rate of over 40 respirations per minute. Untreated foals develop progressive crackling sounds which can be heard all over the lung. Symptoms in foals include pyrexia and respiratory distress, chronic pus filled lung abscesses, developing at early stage of disease and in untreated foals lead to death due to asphyxiation (Wichtel et al.,1991; Lavoie et al, 1994). The disease may spread from lungs to other organs and joints(Prescott, 1991). Diarrhoea, ulcerative enteritis and mucosal invasion of R. equi is common in chronic cases (Bell et al.,1998; Vazquez-boland et al.,2009). Immune complex deposition in synovial membranes results in polysynovitis leading to development of uveitis, anaemia and thrombocytopenia, occasionally arthritis and osteomyelitis is also seen (Gigue`re et al.,1999).  
The disease should be suspected on farms where a number of foals, between 1-4 months show mild fever and coughing. The more heavily a breeding farm is contaminated with the organism, the younger will be the age of the foals affected. Mares with foals at foot from unaffected farms when sent for breeding to a infected farm bring back an infected foal on their return. Lack of experience with the disease on the unaffected farm and the insidious pneumonia in foals may mean that the disease will go undetected till it is very late to recover.
Morbidity and mortality rates were reported to be 5-17% and 40-80% respectively in foals due to R.equi (Elissalde et al.,1980).

Symptoms and disease manifestations in human beings 
Necrotizing pneumonia is the most common manifestation of R. equi infection. Extrapulmonary R. equi infections have included wound infection, subcutaneous abscess, brain abscess, thyroid abscess, retroperitoneal abscess, peritonitis, meningitis, pericarditis,  osteomyelitis, endophthalmitis, lymphadenitis, lymphangitis, septic arthritis, osteitis, bloody diarrhoea, and fever, among others. Bacterimia and dissemination of infection follow from the primary infection site, which is usually the lung.
Colonic polyps associated with disseminated R. equi infection were diagnosed in a 46 year old homosexual man (Telanin et al., 1998). Donisi et al.(1996) reported R. equi infection in 12 HIV patients (11 men, six injecting drug users). Out of these seven patients died with mean survival of 5.75 months. Kedlaya et al. (2001) reported that in R. equi infected patients, mortality rate among immunocompetent patients is approximately 11% compared with rate of 50-55% among HIV infected patients and 20-25% among non-HIV infected immunocompromised patients. Nath et al.(2013) reported R.equi granulomatous mastitis in a 37 year old immunocompetent woman. Ferretti et al.(2011) reported disseminated R. equi infection in HIV patients despite highly active antiretroviral therapy. R. equi brain abscess was reported in a 67 year old immunocompetent patient which recovered after a prolonged therapy with vancomycin and trimethoprim-sulfamethoxazole( Corne et al., 2002). A case of endophthalmitis was reported in a 9 year old patient (Ebersole and Paturzo, 1988).  R. equi infection was reported in a 57 year old renal transplant recipient who suffered from relapsing disease and ultimately died after 12 months (Menon et al.,2012). Speck et al. (2008) reported a pulmonary mass caused by R. equi infection in a renal transplant recipient. Guyssens et al.(2010) reported invasive infections with R. equi, a pulmonary form and another with brain abscess, both in immunocompromised patients.
Symptoms depend on the site of infection and include fever, tachypnea, crackles and other common physical findings of pneumonia, lymphadenopathy, septic arthritis, hyperemia, decreased visual acuity, evidence of anterior chamber involvement, meningitis, soft-tissue masses, induration, fluctuance in localized infections consistent with abscesses. 

The primary source of infection may also be from the alimentary tract. This hypothesis arises from a few observations. First, in patients infected with human immunodeficiency virus (HIV), R. equi has been isolated from the stool, with or without evidence of pneumonia. Second, R. equi frequently colonizes the gastrointestinal tract in grazing animals and thus becomes a source of infection for in contact human beings. 
Morbidity is related to complications and chronicity of the infection. R. equi pneumonia may be complicated by conditions including abscesses, empyema, pleural effusion, hemoptysis, direct chest wall involvement and pneumothorax. Pericardial tamponade may result from purulent pericarditis. Bacteremia leading to overwhelming sepsis has been reported, more often in immunocompromised patients. About 47% of patients infected with HIV and 17% of patients with non–HIV-associated immunocompromised conditions had chronic R. equi infection (Verville et al.,1994). Relapses are also common after discontinuation of antibiotics. An important site of extrapulmonary relapse is the central nervous system. 

R. equi infections carry an overall mortality rate of about 25%. In 2 different reports, by Cornish et al(1999) and Harvey and Sunstrum(1991), the mortality rate was 50-55% in patients infected with HIV and 20-25% in patients with non–HIV-associated immunocompromised conditions. In contrast, the mortality rate is only about 11% in immunocompetent patients. While the mortality rate is lower in immunocompetent patients, it is still significant. Lower mortality rates in this subgroup of patients may be due to the fact that localized infections represent about 50% of the cases reported. Long-term remissions have been reported in patients infected with HIV (Vladusic et al.,2006 ) 
The high mortality rates in R. equi infections are mainly due to misdiagnosis leading inappropriate initial antibiotic therapy. R. equi pneumonia does not respond to standard  treatment with most beta-lactams and tetracyclines. Other reason of high mortality rates is simultaneous opportunistic infections, especially in patients infected with HIV. In these patients, the mortality rate directly attributed to R. equi infection alone may be less. Capdevila et al (1997) reported patients infected with HIV who had R. equi pneumonia, in this group of patients, the mortality rate directly attributed to R. equi infection was only 15.4%.
No racial predilection for R.equi infections has been reported. In all R. equi infections, the male-to-female ratio is about 3:1. The reason for this is not clear; however, among immunocompromised patients, the predilection in males may be explained by the higher prevalence of HIV infection among males. R. equi infections have been described in all age groups, from infants to elderly persons with a mean age of infection of 34-38 years. 

R. equi infections in children differ from those in adults. Immunocompromising conditions, including hematopoietic malignancies, immunosuppression associated with ugtherapy, and HIV infection, account for only about one third of reported R. equi infections in children. Pediatric R. equi infections account for approximately one third of all cases among immunocompetent individuals, perhaps because of the increased prevalence of trauma among children, predisposing them to localized R.equi wound infections .R.equi infections in immunocompetent children shown to have a favourable prognosis.
Diagnostic procedures
Diagnosis in foals
Clinical signs can be characteristic of the disease and include fever, cough, depression, laboured breathing and tracheal rattle. Most of the foals do not show symptoms of the infection until the disease becomes very severe and fatal. Confirmation of the disease is dependent on history of occurrence of disease on a farm or endemicity at the farm.
R. equi infections are conventionally diagnosed by culturing, biochemical tests and morphological characteristics. R.equi is cultured easily in ordinary nonselective media. Large, smooth, irregular, mucoid colonies appear within 48 hours. The salmon-colored pigment appears later. However, the colony characteristics, cellular morphology, and staining characteristics differ between R. equi isolates. Identification of R. equi by classical bacteriological techniques is difficult and misclassification of an isolate may be there.
Nakazawa et al.(1987) developed a agar gel diffusion test for diagnosis of R.equi in foals which was used for field surveys. Gigue`re et al. (2003) evaluated performance of four ELISAs for detection of antibodies. However there was poor performance of these assays.
In India, only a few reports are available in the literature which include diagnosis of R. equi infection by post mortem examination (Garg et al.,1985; Saxena and Narwal,2009) and isolation of organism from clinical specimens collected from infected foals (Khurana et al.,2009). 

Since conventional cultural methods time consuming, molecular techniques are desired for early diagnosis to save the foals.

PCR assays are being employed for this purpose.
The PCR assay is more rapid and sensitive than microbiologic culture and is highly specific. A number of polymerase chain reaction (PCR) assays has been used to detect R. equi in clinical specimens from foals ( Sellon et al., 2001; Arriaga et al., 2002; Ladro´n et al.,2003; Pusterla et al.,2007; Letek et al., 2008).  The virulence of R. equi is associated with the presence of large plasmids about 85–90 kb in size and encode virulence-associated protein A (VapA) or protein B (VapB) (Letek et al., 2008; Takai et al.,1991). However, avirulent R. equi which have no virulence assoaciated antigens or plasmids and do not cause disease in foals are distributed widely in horses and their environments (Wada et al.,1997). Determination of plasmid in R. equi isolates relies on plasmid DNA extraction and visualization which are cumbersome, time-consuming, and in some cases unreliable unless very carefully standardized and optimized (Makrai et al.,2002; Takai et al, 1991). A PCR-based assay that facilitates the rapid discrimination between plasmid-positive and plasmid-negative strains of R. equi and distinguishes between VapA and VapB plasmid has been developed recently (Monego et al.,2009; Ocampo-Sosa et al.,2007; Oldfield et al., 2004).
      Most of the information about the pathogenesis of R. equi infections is derived from animal isolates. However, the infection in humans seems to differ from that in foals. Makrai et al (2002) demonstrated that a 15- to 17-kd virulence-associated protein antigen (VapA), which is highly virulent, may mediate about 88% of the isolates from foals. Nearly all isolates from pigs are of 20-kd virulence-associated protein antigen (VapB) origin, which is of intermediate virulence. In human beings, only about 20-25% of isolates have been reported to express VapA. However, in a study performed by Takai et al in Thailand, about 75% of human isolates expressed VapB, and 25% were avirulent. Most of these patients were infected with HIV (Takai et al.,2003) The expression of VapB is known to vary by geographic location. These differences between human and animal R. equi infections are important since most of the investigation has involved VapA isolates. Hence, the conclusion drawn from animal models may not be entirely applicable to the pathogenesis of R. equi infections in humans.
 A specific PCR assay for the rapid and reliable identification of R. equi  is based on the amplification of a fragment of the ChoE gene encoding cholesterol oxidase, an enzyme believed to be a major virulence factor of R. equi. Mutational analysis indicated that ChoE is the membrane-damaging factor responsible for the typically shovel-shaped synergistic hemolysis (CAMP-like) reaction elicited by R. equi in the presence of sphingomyelinase C-producing bacteria, such as Listeria ivanovii, Bacillus cereus, and Staphylococcus aureus. This CAMP-like reaction can be used as a phenotypic marker for the rapid presumptive identification of R. equi.  
Indirect fluorescent antibody technique (IFA) using a monoclonal antibody against the 15- to 17-kDa virulence-associated antigens (VapA) of R. equi and PCR targeting the structural gene of VapA detected bacteria in tracheal aspirates less sensitively than the isolation technique although they were more rapid. Therefore a combination of tracheal aspiration and bacterial isolation is the most valuable method for routine diagnosis of R. equi pneumonia in foals. 

Differential diagnosis
 
The pneumonic form should be differentiated viral respiratory infections due to rhinovirus, herpesvirus and influenza virus, Streptococcus zooepidemicus, parasitic pneumonia by migrating stages of Parascaris equorum and Pneumocystis cariniia.

Diarrhoea should be differentiated from infection due to Salmonella sp., parasitism due to cyathostomes and antibiotic induced diarrhoea. Joint infection should be differentiated from septic arthritis due to Streptococcus zooepidemicus, Salmonella sp. and some other bacteria.
Gross PM lesions and Histologic Findings:  
Pyogranulomatous pneumonia and lymphadenitis of bronchial lymph nodes are main lesions. The ability of R. equi to persist in and destroy macrophages is the basis of its pathogenesis. The typical pattern is a necrotizing granulomatous reaction dominated by macrophages filled with granular cytoplasm that shows positive results on periodic acid-Schiff stain and contains large numbers of coccobacilli.
Samples to be collected for laboratory examination
The appropriate samples for bacteriological examination and PCR based diagnosis include nasal swab, bronchial aspirate and faecal sample from live foals. Post mortem samples include lung tissue, colon and lymph nodes and swabs from other atypical sites for bacteriological analysis. lung tissue, colon and lymph nodes should also be formaline fixed for histopathological examination. Samples should be transported under ice and should be submitted as soon as possible for culturing.
Diagnosis in Human beings

Laboratory Tests


These laboratory tests are important for proper diagnosis of R. equi infections.

1.CBC count: This is important for evaluation of leukocytosis, anemia, and neutropenia.

2.HIV screening tests: All patients with R. equi infection should undergo screening for HIV because more than half of reported cases involve patients infected with HIV.

3.Blood and stool culture to isolate R. equi depending on the site of infection. Specimens for culture from other infected sources, such as abscess, eye drainage, and cerebrospinal fluid are collected depending on manifestation. 

Imaging Studies

Chest radiography: Chest radiography should be done even in patients with extrapulmonary R. equi infections. Multiple nodular infiltrates are the usual findings of R.equi infection. In patients infected with HIV, R. equi infections have a preference for the upper lobes.  If untreated, nodular infiltrates are followed by cavitation. Other findings of R. equi infection on chest radiography include interstitial pneumonia, abscesses, and pleural effusion. CT scanning of the thorax is more sensitive than plain radiography. 
Bacterial culture 

R. equi is cultured easily in ordinary nonselective media. Large, smooth, irregular tear drop like mucoid colonies appear within 48 hours which coalesce later. The salmon pink coloured colonies appear after fourth day due to pigment formation. R. equi is a facultative,  nonmotile, non–spore-forming, pleomorphic gram-positive coccobacilli.  

Histological examination
There is a typical pattern of necrotizing granulomatous reaction dominated by macrophages filled with granular cytoplasm that shows positive results on periodic acid-Schiff stain with large numbers of coccobacilli. Malakoplakia is an unusual inflammatory disorder with accumulation of characteristic histiocytes with calcified lamellar cytoplasmic bodies (Michaelis-Gutman bodies) that are visible in pulmonary R. equi infections in immunocompromised hosts. These may also be demonstrated in subcutaneous infections and abscesses.
Differential Diagnosis
R. equi infections in human beings need to be be differentiated from lung abscesses due to other etiologies, metastatic cancer, mycobacterium avium-intracellulare, nocardiosis, pneumocystis carinii pneumonia, pneumonia of fungal / viral origin and tuberculosis etc.
Prevention and control strategies
In equines and foals
Prevention 
In the areas where the foals are kept, regular disposal of manure and dust control have proven effective in reducing the levels of bacteria.It is also important to ensure that loafing paddocks are not dusty. No suitable vaccination is available due to many complicated immunological reasons. Most likely time of infection to be during the first 2 weeks of life.  If foals are administered antibiotics during the first 2 weeks of life, infection may be reduced. 
Another approach is the administration of hyperimmune plasma to foals during the first few days of life and then again at 3 weeks of age. This is reported to reduce the incidence of the disease by up to one third and that it may also lead to a reduction in severity of the pneumonia if the foals are infected. The other method in preventing the disease is early detection. 

Treatment in foals/ equines:
             R. equi pneumonia has a poor to grave prognosis due to the lack of a good treatment protocol for many years. Erythromycin along with rifampin are antibiotics of choice (Hilldge, 1987; Sweeny, 1987). Erythromycin, clarithromycin and azithromycin are individually paired with rifampin to treat foals (Giguère et al.,2004). While potent and effective, these drug combinations do carry the risk of serious side effects to the mare and foal. Erythromycin, clarithromycin and azithromycin have the tendency to cause diarrhea in older foals in hot climates.  Treatment durations vary depending on the stage of the pneumonia but generally run 2 to 8 weeks. Therapeutic management of the pathogen is complicated due to its intracellular localization making it necessary to administer prolonged treatments even more than three months with no guaranteed outcome of successful treatment (Muscatello et al., 2007; Prescott et al., 2010). 
Treatment in human beings
            A study based on animal experiments demonstrated that the effective single agents against R.equi include vancomycin, imipenem, and rifampin. In the same study, combinations of antibiotics were not more effective than vancomycin alone. However, combinations of antibiotics may limit the emergence of antibiotic-resistant mutants. Munoz et al. (2008) reported successful linezolid monotherapy for pulmonary R.equi infection in a heart transplant recipient. However, the initial therapy in this patient consisted of a combination of parenteral antibiotics. 
           Use of combination antibiotics is recommended. Some studies have reported using at least one antibiotic with intracellular penetration like erythromycin or rifampin. In vitro synergy studies demonstrated 4 combinations of antibiotics to be effective against R.equi infection ie, rifampin-erythromycin, rifampin-minocycline, erythromycin-minocycline, imipenem-amikacin (Nordmann et al., 1992). In the same study, the combination of macrolides and aminoglycosides was found to be antagonistic. However, it has been used with success clinically (Nordmann et al., 1992). 
          In a case report by Scotton et al., (2000), a patient with nosocomial meningitis was initially treated with vancomycin and rifampin. However, because of continued fever, monotherapy with levofloxacin was instituted with success. Clinical success with vancomycin monotherapy followed by oral sulfamethoxazole-trimethoprim has been documented in an immunocompetent patient with brain abscess, in addition to neurosurgical treatment. However, monotherapy should generally not be used to treat systemic R. equi infections.
         In general, pulmonary infections should be treated for a minimum of 2 months. Treatment should initially consist of parenteral antibiotics followed by oral combination therapy. One author has recommended initial therapy with a vancomycin-based regimen followed by oral combination therapy with rifampin plus erythromycin or rifampin plus minocycline. 
In immunocompetent patients, a shorter duration of therapy is recommended. Selective local R. equi infections with no systemic involvement can be treated with shorter courses. Topical antibiotics have also been used in R. equi endophthalmitis, in combination with systemic antibiotics and surgical therapy. The prognosis of R. equi infection depends on the underlying immunosuppressive conditions and other concurrent infections. Early diagnosis and treatment may prevent chronicity and relapses. Prognosis is favorable in most local R. equi infections and among immunocompetent children.

Future outlook 
There are no suitable serological tests for early and accurate mass screening diagnosis due to complex immunological status of the infection. Suitable vaccination is also not there due to of similar reasons. This organism is very versatile and goes across species. Since the organism resides intracellularly, treatment with conventional antibiotics is not possible. There seems to be a need for early and accurate diagnostic tests so that both foals and human patients may be saved. At present molecular diagnostic tools are available but these are required at grass root level for human patients and in field for foals and other animals. There is a need for development of suitable vaccines in especially for foals but age at which the disease occurs coupled with its complex immunological nature makes the proposition very difficult. Preventing disease by proper management and sanitation at farms is very important. Special care and hygiene for immunocompromised humans is also very essential.
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