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Abstract: Rhodococcus equi is a Gram-positive 
bacterial agent and contains mycolic acids in 
the cell wall, being classified in the group of 
aerobic actinomycetes. The relevance of R. 
equi is remarkable for veterinary and human 
medicine, as it is considered a zoonotic agent 
that causes rhodococcosis in animals and 
humans, with pulmonary infection being 
the most common. R. equi is considered a 
pathogenic agent in foals and has emerged 
as an opportunist in humans, especially 
associated with human immunodeficiency 
virus infection. Pulmonary rhodococcosis 
has clinical and pathological characteristics 
similar to pulmonary tuberculosis, 
in immunocompromised and non-
immunocompromised patients. In this 
review, we address a methodology that can 
be implemented in microbiology laboratories, 
especially those that carry out diagnosis, in 
view of the occurrence of bacterial isolates that 
resemble the phenotypic profiles of R. equi, 
valuing the importance of its isolation and 
identification, even if presumptively. The study 
was based on the review of scientific articles, 
case reports, monographs, dissertations and 
theses, published in magazines, periodicals, 
books and materials available online. The 
presumptive identification of R. equi is 
carried out based on a variety of phenotypic 
characteristics, initially considering the 
colonial and cellular morphology, partial 
resistance to acid alcohol and the production 
of the factor equi demonstrated in the CAMP 
Test. The treatment of rhodococcosis is still 
quite incipient and in Brazil there are few works 
carried out to evaluate the sensitivity profile 
to the current antimicrobials for this bacterial 
agent. The standard test recommended by the 
“Clinical and Laboratory Standards Institute/
National Committee for Clinical Laboratory 
Standards” for aerobic actinomycetes, 
including Rhodococcus sp, is the determination 
of the Minimum Inhibitory Concentration 

(MIC), which can be performed using the 
broth microdilution method. Müeller Hinton 
(MH broth) supplemented with cations. There 
are still no standardized methods for testing 
the sensitivity of aerobic actinomycetes, 
using the Disk Diffusion method, however, in 
recent years, several antimicrobial agents have 
been tested, such as amikacin, amoxicillin-
clavulanate, ceftriaxone, ciprofloxacin, 
erythromycin, imipenem, minocycline and 
sulfamethoxazole- trimethoprim. Several 
researchers have followed the interpretation 
criteria of accepted cutoff points for 
Staphylococcus sp. Due to the occurrence of 
human rhodococcosis with the increase in the 
number of cases of infections by R. equi, there 
is a need to use more appropriate identification 
techniques, as well as more clinical studies 
to delineate a conclusion of diagnosis and 
treatment schemes. Presumptive identification 
is often enough to initiate empirical treatment 
with antimicrobial agents.
Keywords: Rhodococcus equi, presumptive 
identification, “camp factor” Cholesterol 
Oxidase, antimicrobials, Disk Diffusion, CIM.

INTRODUCTION
Bacteria that contain mycolic acid in their 

cell walls are part of a group of Gram-positive 
bacillary organisms determined as aerobic 
actinomycetes, consisting of taxonomically 
divergent and heterogeneous genera, belonging 
to the phylum Actinobacteria, in the class 
Actinomycetes, subclass Actinobacteridae, 
order Actinomycetales and suborder 
Corynebacterineae 1. This group includes the 
genus Rhodococcus, which houses a diversity 
of species that vary in morphology, growth 
patterns and biochemical characteristics. 
They are characterized as Gram positive, strict 
aerobic, immobile and catalase producing 
bacteria. They may have branched filaments 
which, when present, are rudimentary, 
transient or extensive and fragment into 
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pleomorphic bacilli and coccoid forms ².
Rhodococcus species are associated with 

a variety of environments, being found in 
soil and animals, particularly in abundance 
in the excreta of herbivores. Some strains 
are considered pathogenic for animals and 
humans. Rhodococcus equi is one of the most 
common species found in soil, along with R. 
coprophilus, R. erythropolis, R. globerulus, R. 
rhodochrous and R. ruber. As for the manure 
of herbivores, R. equi and R. coprophilus are 
the most common species. Other species are 
related to exclusive means as in the cases of 
R. fascians isolated from plants and intestinal 
tract of carp; R. marinonascens isolated from 
the uppermost layer of marine sediment and 
R. rhodnii isolated from the intestine of a 
certain species of bedbug. Certainly, R. equi 
is the main species involved in infections in 
humans 3,4,5. 

This work aimed to address a methodology 
that could be implemented in microbiology 
laboratories, especially those that carry out 
diagnosis, in the face of the occurrence of 
Gram-positive bacilli isolates suggestive of 
Rhodococcus sp, valuing the importance of 
their isolation and identification, even if 
presumptively. The elaboration was based 
on the review of bibliographical publications 
related to rhodococcosis. Scientific articles, 
case reports, monographs, dissertations and 
theses, published in magazines, newspapers, 
periodicals, books and materials available 
online were consulted. The descriptors 
used were Rhodococcus equi, presumptive 
identification, “camp factor” Cholesterol 
Oxidase, antimicrobials, Disk Diffusion, MIC.

TAXONOMY AND 
PATHOGENESIS OF R. EQUI
R. equi was originally described by 

Goodfellow and Alderson in 1977 6 through 
a numerical taxonomic classification 
study with 177 strains representing the 
“rhodochrous” complex and the genera 
Gordona, Mycobacterium and Nocardia. 
These researchers subjected the strains to 
92 unitary traits whose data were analyzed 
by computer, resulting in three similarly 
defined clusters at the 75 to 80% level. The 
first cluster proved to be heterogeneous and 
corresponded to the “rhodochrous” taxon, 
while the other two contained strains of 
Mycobacterium and Nocardia, respectively. 
The good correlation between numerical 
analysis and chemo-taxonomic, serological 
and genetic data collected in previous studies 
provided sufficient evidence to elevate the 
“rhodochrous” taxon to generic status. Thus, 
the genus Rhodococcus was recognized 
to contain 9 species:  R. rhodochrous, R. 
bronchialis, R. coprophilus, R. corallinus, R. 
erythropolis, R. equi, R. rhodnii, R. rubrus, R. 
rubropertinctus and R. terrae 7.

Taxonomically, R. equi has been the subject 
of progressive studies in the understanding 
of its molecular nature. Although it is a 
recognized zoonotic bacterial pathogen, 
there has been taxonomic debate since the 
1980s regarding the validity of the name 
R. equi, for which changes to R. hoagii and 
Prescottella equi have been proposed as official 
alternative names. Other nomenclatures 
were also previously used, including 
Nocardia restricted, Corynebacterium equi, 
Bacillus hoagii, Corynebacterium purulentus, 
Mycobacterium equi, Mycobacterium restricted 
and Proactinomyces restricted 8,9.

According to Vázquez-Boland & Meijer 
(2019) 10 and Vázquez-Boland et al., 2020 11, 
the recent rise of R. equi as a new paradigm of 
multi-host adaptation has been accompanied 
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by an unusual instability in nomenclature with 
a confusing succession of names: “Prescottia 
equi”, “Prescottella equi”, Corynebacterium 
hoagii and Rhodococcus hoagii. These 
researchers reviewed current advances in 
the genomics, biology, and virulence of these 
actinobacteria, confirming their pathogenesis 
due to a unique mechanism of plasmid-
determined animal host tropism. They also 
discussed the taxonomic and nomenclatural 
issues surrounding R. equi regarding recent 
phylogenomic evidence confirming its 
membership as a bona fide species of the 
genus Rhodococcus. Due to its recognition as 
a zoonotic pathogen and its bacterial name 
being solidly established in the veterinary and 
medical literature, the authors further argued 
that changing the nomenclature could cause 
error and confusion. Therefore, they requested 
the rejection of R. hoagii and the conservation 
of the name R. equi, in accordance with the 
conclusions of their studies.R. equi is the 
agent of rodococcosis, a zoonotic infection 
generally associated with pyogranulomatous 
pneumonia in domesticated or wild animals, 
especially in mammals with a predominant 
incidence in horses 2,12,13. Confirmation of R. 
equi as a pathogen that causes pneumonia in 
foals occurred in 1923 and it was recognized 
as an agent of infections in humans in 1967 
14. Since then, it has been described as an 
opportunistic pathogenic agent, mainly in 
immunocompromised patients 15, however, 
immunocompetent people can acquire the 
infection16.

The occurrence of human rhodococcosis 
has increased, especially in people with 
weakened immune systems, including 
cancer or transplant patients who are using 
immunosuppressive treatment, as well as 
those with advanced and untreated HIV/
AIDS 17.

The lung is considered the site of primary 
infection, which is sometimes characterized 

by cavitary lung lesions similar to those seen 
in tuberculosis. Symptoms presented by 
patients include high fever, productive cough, 
chest pain and hemoptysis. On chest X-rays, 
dense pulmonary infiltrate, also described 
as nodules, is usually seen. These lesions can 
cavitate and form abscesses with the presence 
of pleural effusion and have been reported 
in more than 80% of immunocompromised 
patients. Thus, rhodococcosis can easily 
be confused with pulmonary tuberculosis, 
causing the patient to be subjected to the 
wrong treatment 18.

In addition to representative clinical 
samples from the lung, R. equi has been 
isolated in cultures of representative samples 
from other sites of infection including the 
central nervous system, pelvis, subcutaneous 
tissue and lymphatic system 5,14,19. Other 
clinical manifestations of rhodococcosis are 
represented by abscesses located in various 
organs such as the kidneys, liver, brain, 
retroperitoneal region, joints and bones 20.

Although rhodococcosis is attributed to R. 
equi, other species can be considered as rare 
causes of infections in humans, including R. 
aurantiacus, R. erythropolis, R. globerulus, 
R. gordoniae, R. corynebacteroides and R. 
rhodochrous 21,22.

The cellular morphology of R. equi is 
marked by a morphogenetic cycle that starts 
with the cocci or short bacilli stage, with 
different organisms showing a succession of 
more or less complex morphological stages, 
by which the complementation of the growth 
cycle is achieved. Thus, cocci germinate 
between short bacilli, forming filaments 
with lateral projections, showing elementary 
branching or, in most differentiated forms, 
producing extensively branched hyphae. 
The next generation of cocci or short bacilli 
is formed by the fragmentation of these 
elements. The cell wall of R. equi has mycolic 
acid with a chain of 30 to 54 carbon atoms, 
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it shows partial resistance to acid alcohol 
when stained by the Zihel Neelsen method. 
Due to simple nutritional requirements, this 
bacterial agent can be recovered in cultures 
from various environmental sources and 
clinical samples from humans and animals. 
All Rhodococcus species grow on nutrient 
agar and other non-selective media. They may 
have rough, smooth or mucoid colonies, with 
different colors such as yellow, orange, cream, 
red, salmon or colorless 2,5, 23.

In this context, colonial and cellular 
amorphology, together with partial resistance 
to acid alcohol are key characteristics for 
initial characterization 5. It must be based 
on the characteristics of the colonies grown 
in the culture media used and the cellular 
morphology of the bacteria, observed in 
the Gram and Kinyoun staining methods, 
modified for actinomycetes 24.

PHENOTYPIC CHARACTERISTICS 
OF R. EQUI

MACROSCOPIC CHARACTERISTICS 
OF THE COLONIES
Colonies develop on non-selective culture 

media normally used in the microbiology 
laboratory, including those used for isolating 
mycobacteria and fungi. In solid culture media 
they are viscous, mucoid and coalescent, 
with a size of 2 to 4 mm. They grow best at 
temperatures ranging from ambient to 37°C. 
Pigment formation is rarely observed in 
cultures less than four days old. R. equi is 
strictly aerobic and does not show motility, 
positive catalase and negative oxidase 2,5.

Satisfactorily, suspected bacterial isolates 
of R. equi form colonies faster on blood or 
chocolate agar media (various media can 
be used as a base, especially Muller Hinton 
Agar (MHA), Brain Heart Infusion Agar 
(BHIA) and Triptyc Soy Agar (TSA). Each 
isolate must be seeded in plates of any of these 

media, which are incubated aerobically at a 
temperature of 35° – 37° C for up to 5 days, 
with a daily reading being taken during this 
period. The colonies are mucoid in appearance 
and vary in color from cream, orange, salmon 
and pink 2.

Colonial characteristics are more evident 
after 48 hours of incubation, with entire edges, 
irregularly round, smooth, semitransparent, 
shiny, coalescing, mucoid, in the shape of 
teardrops, varying in size (Figure 1).

Figure 1. Culture of R. equi ATCC 6939 
on the related culture media. The photos 

illustrate the typical (mucoid) appearance and 
variation in shape of colonies after incubation 
period in aerobic conditions for up to 5 days 

at 37°C. Photos: Paulo da Silva.

MICROSCOPIC CHARACTERISTICS 
OF R. EQUI
Each and every bacterial isolate must 

be submitted to microscopic examination, 
through smears prepared on slides, from 
colonies isolated in solid culture media or 
broth culture media and subjected to modified 
Gram and Kinyoun stains (described below):
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MODIFIED GRAM STAIN FOR 
ACTINOMYCETES 24.

Aniline+crystal violet solution (Aniline 4 
g in 100 mL of distilled water) + (11.4 mL of 
Crystal violet, saturated solution in absolute 
alcohol) *.

*add crystal violet in 100 mL of alcohol, 
stirring constantly, until complete dissolution.

-Weigh the aniline and place it in a jar with 
a lid; add the water and shake the sealed 
bottle to dilute the aniline.
-Filter the mixture through 4 overlapping 
paper filters moistened with water.
-Add the crystal violet solution to the 
filtrate.
-Transfer the volume to an amber bottle 
with a lid. Keep in an open and dry place.
Lugol’s solution (1g of resublimated 

iodine + 2g of potassium iodide in 300 mL of 
distilled water).

-Weigh and mix the 2 substances in a glass 
mortar, macerating with a pestle until a 
homogeneous substance is formed; add 
water slowly to dissolve.
-Transfer the volume to an amber bottle 
with a lid. Keep in an open and dry place.
Saturated solution of safranin (2.5g 
of safranin and dissolved in 100 mL of 
absolute alcohol).
-Add 10 mL of sol. Saturated with safranin 
in 90 mL of distilled water.
-Transfer the volume to an amber bottle 
with a lid. Keep in an open and dry place.
staining procedures
Cover the smear with crystal violet for 2 

minutes and rinse; cover the smear with Lugol 
for 1 minute and rinse; bleach with absolute 
alcohol for 30 seconds and rinse; cover the 
smear with safranin for 30 seconds, rinse and 
allow to dry.

KINYOUN STAINING, MODIFIED 
FOR ACTINOMYCETES 24.

Kinyoun’s fuchsin solution (4g of basic 
fuchsin in 20 mL of absolute alcohol + 8g of 
crystallized phenol; add 100 mL of distilled 
water.

-Transfer the volume to an amber bottle 
with a lid. Keep in an open and dry place.
Acidic alcohol (3 mL of concentrated 
hydrochloric acid in 97 mL of absolute 
alcohol).
-Transfer the volume to an amber bottle 
with a lid. Keep in an open and dry place.
Methylene blue solution (2.5g of 
methylene blue in 100 mL of absolute 
alcohol).
-Transfer the volume to an amber bottle 
with a lid. Keep in an open and dry place.
staining procedures
-Make a slide smear. Let it dry and fix it in 
the flame by flaming it three times.
-Cover the smear with Kinyoun fuchsin for 
3 minutes without heating and rinse.
-Bleach with acid alcohol for 5 to 10 
seconds and rinse.
-Cover the smear with methylene blue 
solution for 30 seconds, rinse and allow to 
dry.
In the smears stained by the modified 

Gram method, Gram-positive, pleomorphic 
cocci or coccobacilli are observed and when 
stained by the Ziehl-Neelsen methods, giving 
preference to the Kinyoun modification, they 
are partially alcohol-acid resistant 2,25.

The microscopic morphology of 
Rhodococcus sp can vary from coccoid to 
bacillary, depending on the species, the 
clinical sample investigated, the type and stage 
of growth in which the bacterium is found, 
showing a growth cycle in the form of bacilli to 
the form of cocci 1. Coccoid forms may be more 
evident from colonies grown on solid media. 
In liquid medium (BHI broth), particularly 
in young cultures, bacilli can be observed 
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forming long or short filaments, sometimes 
showing rudimentary ramifications 2. Figure 
2. represents smear microscopy of the culture 
of R. equi ATCC 6939 in MHA medium.

Figure 2. Microscopy of a smear from the 
culture of R. equi ATCC 6939, stained by 

Gram (Left) and Kinyoun (Right) methods. 
Photos: Paulo da Silva.

DETERMINING PHENOTYPIC 
CHARACTERISTICS FOR THE 
PRESUMPTIVE IDENTIFICATION 
OF R. EQUI
In addition to mycolic acid in the cell wall, 

which may be directly related to virulence, 
R. equi also presents the “equi factor ” made 
up of capsular polysaccharides, which could 
be involved in inhibiting the phagocytosis of 
the bacteria, together with some exoenzymes, 
especially Cholesterol oxidase or ChoeE and 

Phospholipase C. The “equi factor” acts on the 
host’s tissues, destroying them, due to its marked  
membranolytic activity. However, the 
virulence role of these constituents seems 
doubtful, as their presence can also be 
found in non-virulent isolates 26. The study 
carried out by Pei et al. (2006) 27 showed the 
non-importance of the enzyme Cholesterol 
Oxidase for the virulence of R. equi, working 
with mutant strains showing deletion of 
the gene that codes for that protein. The 
strains remained virulent in mice and in 
experimentally infected foals.

The presumptive identification of R. equi 
must be based on macro and microscopic 
characteristics 2,28, along with its ability to 
produce the “ factor equi ” when submitted to 
the “ CAMP Test”, which is used to describe 
the synergistic lysis of red blood cells in the 
presence of exosubstances diffusible bacteria 
produced by two different species of bacteria 
growing adjacent to each other, on the surface 
of the culture medium with agar added with 
sheep or ox blood. The method specifies 
which species to be tested must be grooved in 
straight lines forming a 90° angle to each other 
without touching. after incubation adequate, 
hemolysis can be observed immediately, 
around the stretch marks, where an enlarged 
area of lysis of erythrocytes present in the 
culture medium 29.

Production of the “equi factor ” – CAMP 
Test

The CAMP Test is well represented by the 
method performed according to Bille and 
Doyle (1991) 30, using the reference strains 
R. equi ATCC 6939, Listeria ivanovii ATCC 
19119 and Listeria monocytogenes ATCC 
19112. The phenomenon of synergistic lysis is 
demonstrated with L. ivanovii, which produces 
the enzyme Sphingomyelinase C and R. equi 
which produces the ChoeE enzyme. The test 
presumptively determines the bacterial isolates 
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producing the enzyme ChoeE, interacting with 
the enzyme Sphingomyelinase C, produced by 
L ivanovii 31 (Figure 3).

Figure 3. Photographic representation of the 
CAMP Test. Photo: Paulo da Silva.

ADDITIONAL PHENOTYPIC 
FEATURES USED IN IDENTIFYING R 
EQUI.
The biochemical characteristics represented 

in Table 1 are complementary evidence for the 
presumptive identification of R. equi.

100% positive reactions: Catalase, Adenine breakdown, 
Glucose oxidation, Lipase and “Equi Factor” production 
(CAMP test).
100% negative reactions: Amylase, DNase, Beta-galac-
tosidase (ONPG), Caseinase, Thymine decomposition; 
hypoxanthine and xanthine, Fermentation of glucose, 
Use of a single source of carbon (acetate, citrate, malona-
te), Gelatinase, Indole.
Variable Reactions: Oxidase 1-5% (+), H2S 32% (+), 
Urease 95% (+), Hipurate hydrolysis 1% (+), Esculin hy-
drolysis 4% (+) and Nitrate reduction 88% (+).
Non-use of the following carbohydrates: Adonitol, Star-
ch, Arabinose, Cellobiose, Dulcitol, Erythritol, Fructose, 
Galactose, Glycerol, Inositol, Lactose, Maltose, Mannitol, 
Mannose, Melibiose, Raffinose, Raminose, Sucrose, Sali-
cin, Sorbitol, Trehalose and Xylose.

Table 1. Biochemical characteristics for 
identification of R. equi

Data adapted from Prescott (1991) 2, Beaman 
et al. (1995) 4, Brown et al. (1999) 5, McNeil 

and Brown (1994) 25, Flores et al. (1990) 32; Fiss 
and Brooks (1991) 33, Bizet et al. (1997) 34, Silva 

(2009) 35. Symbols: (+) positive reaction; (–) 
negative reaction.

CHARACTERIZATION OF R. 
EQUI AS TO SUSCEPTIBILITY TO 
ANTIMICROBIALS
As with any bacterial agent, it is important 

to study the antimicrobial susceptibility of R. 
equi for the correct management of patients. 
Therefore, the antibiotic therapy used in the 
treatment of rhodococcosis must be based 
on sensitivity tests for all isolates, avoiding 
the misuse of antibiotics determined to be 
resistant. in vitro 36. Case reports of human 
rhodococcosis have been published with the 
aim of disclosing the results obtained in the 
treatment with the evaluation of the sensitivity 
profile to the current antimicrobials for this 
bacterial agent 12,37.

Due to pathogenicity factors, R. equi is 
able to remain inside macrophages, where 
histopathological studies reveal its presence in 
pyogranulomatous processes. In the clinical 
samples investigated, a large number of 
macrophages, lymphocytes and degenerated 
neutrophils are observed, in addition to giant 
cells and a large amount of the microorganism 
in the cytoplasm of the phagocytes, surrounded 
by a fibrous capsule 38. Because of these 
characteristics, the treatment of rhodococcosis 
is based on the use of antimicrobials combined 
with supportive therapy. R. equi usually 
responds to several antimicrobials, especially 
lipophilic ones, because they reach high 
concentrations inside the cell and because 
they act even in the presence of purulent 
material, which can limit the therapeutic 
action of conventional antimicrobials. The 
most indicated antimicrobials have been 
azithromycin, ciprofloxacin, clindamycin, 
chloramphenicol, erythromycin, gentamicin, 
imipenem, rifampicin, tobramycin, 
sulfamethoxazole+trimethoprim, or 
vancomycin 16,38.

As a therapeutic scheme for the treatment 
of rhodococcosis, most investigators agree 
that combinations of 2 to 3 antimicrobials 
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with good intracellular penetration must 
be used. Treatment extends over prolonged 
periods of 6 weeks or more, with injectable 
medication, followed by oral treatment 
for further weeks or even months. One 
therapeutic suggestion is the combination 
of vancomycin and erythromycin for at 
least two months. In addition to antibiotic 
therapy, surgical resection of necrotic tissue, 
drainage of suppurative lesions and control of 
predisposing factors are indicated 16,38,39,40,41.

SUSCEPTIBILITY TESTS OF AEROBIC 
ACTINOMYCETES, CONTAINING 
MYCOLIC ACID, INCLUDING 
RHODOCOCCUS SP
The standard test recommended by the 

“Clinical and Laboratory Standards Institute/
National Committee for Clinical Laboratory 
Standards” (CLSI/NCCLS, 2003 42 ; 2011 
43 ) for aerobic actinomycetes, including 
Rhodococcus sp, is the determination of the 
Minimum Inhibitory Concentration (MIC), 
which can be carried out by the microdilution 
method in Müeller Hinton broth (MH broth) 
supplemented with cations. There are still 
no standardized methods for testing the 
sensitivity of aerobic actinomycetes, using the 
Disk Diffusion method, however, in recent 
years, several antimicrobial agents have 
been tested, such as: Amikacin, amoxicillin-
clavulanate, ceftriaxone, ciprofloxacin, 
erythromycin, imipenem, minocycline and 
sulfamethoxazole -trimethoprim 44,45,46.

BROTH MICRODILUTION METHOD
This method is defined in CLSI (2011) 43, 

document M24-A2, Susceptibility Testing of 
Mycobacteria, Nocardiae, and Other Aerobic 
Actinomycetes; Approved Standard replacing 
document M24-A (CLSI 2003) 42.

The recommended antimicrobial agents 
are shown in Table 1, which are: Primary 
drugs (first choice) and Secondary drugs 

(second choice).

DISK DIFFUSION METHOD
Although there is no standardization of 

sensitivity tests for Rhodococcus sp, using the 
Disk Diffusion (DD) method, several authors 
have followed the accepted interpretation 
criteria for Staphylococcus sp 46,47,48,49.

Tables 2 and 3 represent the suggested 
antibiotics for testing by the DD method for 
clinical isolates of R. equi.

BETA-LACTAMICS
Penicillin + Beta-Lactamase Inhibitor
Amoxicillin+clavulanic acid (AMC 30μg)
Cephalosporins
3rd generation: Cefotaxime (CTX 30μg); Ceftriaxone 
(CRO 30μg)
4th generation: Cefepime (CPM 30μg)
Carbapenene
Imipenem (IPM 10μg)
AMINOGLYCOSIDES
Amikacin (AMI 30μg); Tobramycin (10μg)
QUINOLONES:
2nd Generation: Ciprofloxacin (CIP 5μg)
4th Generation: Moxifloxacin (MFX 5μg)
OXAZOLIDINONE
Linezolid (LNZ 30 μg )
M A CROLIDS
Clarithromycin (CLA 15μg)

TETRACYCLINES
Doxycycline (DOX 30μg); Minocycline (MIN 30μg)
SULFONAMIDE AND TRIMETHOPRIM
Sulfamethoxazole+Trimethoprim (SMT 25μg)

Table 2. Antimicrobials with respective 
classes and concentrations, suggested to be 
tested with R. equi isolates, according to the 

disk diffusion method*

*Based on CLSI document. Performance 
Standards for Antimicrobial Susceptibility 

Testing. Table 2C. Zone Diamenter and MIC 
Breakpoints for Staphylococcus spp. M02 and 

M07. 30 th ed. CLSI supplement M100. Wayne. 
PA: Clinical and Laboratory Standards 

Institute; 2020 50.
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ANTIMICROBIAL AGENT MIC (µg/mL) BY CATEGORY
First choice Sensitive Intermediary Resistant

amikacin c ≤ 8 - ≥ 16
Amoxicillin+Clavulanic acid ≤ 8/4 8/16 ≥ 32/16
Ceftriaxone ≤ 8 16 - 32 ≥ 64
Ciprofloxacin d ≤ 1 two ≥ 4
Clarithromycin and ≤ 2 4 ≥ 8
Imipenem ≤ 4 8 ≥ 16
Linezolid f ≤ 8 - -
minocycline c ≤ 1 2 - 4 ≥ 8
Moxifloxacin ≤ 1 two ≥ 4
Sulfamethoxazole+Trimetho-
prim ≤ 2/38 - ≥ 4/76

Tobramycin ≤ 4 8 ≥ 16
second choice Sensitive Intermediary Resistant

Cefepime ≤ 8 16 ≥ 32
Cefotaxime ≤ 8 16 - 32 ≥ 64
Doxycycline ≤ 1 2 – 4 ≥ 8

Table 1. Interpretation of “Breakpoints” of the broth microdilution method for Nocardia sp and other 
aerobic actinomycetes, including Rhodococcus sp * 

a, b.

*Based on document providing updated tables for Clinical and Laboratory Standards Institute standards 
M24-A2-A6 for antimicrobial susceptibility testing. Informative supplement, for global use, developed 

through the consensus process of the Clinical and Laboratory Standards Institute (CLSI/NCCLS, 2011) 43.

a- The “Breakpoints” in this table apply to Nocardia sp and can be used, tentatively, for other aerobic 
actinomycetes, based on the distributions of the populations of the microorganism in question, its 

clinical data and results obtained in the experiences of specialists in this field. Results must be considered 
suggestive and reported as such, pending further information accumulation.

b- For R. equi, the interpretation criteria as indicated in “CLSI document M10048” for Staphylococcus 
aureus, with the inclusion of results for vancomycin and rifampicin. Interpretive categories must be 

considered and reported tentatively pending additional information.

c- The following antimicrobial “breakpoints” differ from the current “CLSI document M10048” 
recommendations for microorganisms that grow aerobically: amikacin, minocycline and moxifloxacin.

d- Ciprofloxacin and levofloxacin are interchangeable. Both are less active in vitro than the newer 
generation 8-methoxy fluoroquinolones.

e- Representative class for more recent macrolides.

f- No isolated Nocardia sp with MIC value >8 μ g/mL for linezolid has been reported.
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Antimicrobial 
Agent

Disc 
Content

Inhibition Halo 
Diameter (mm)

R I s
Amikacin 30μg _ _ ≤ 14 15-16 ≥ 17
Amoxicillin+Ac. 
clavulanic

20/10 
μg _

≤ 19 - ≥ 20

Cefepime 30 µg _ ≤ 14 15-17 ≥ 18
Cefotaxime 30 µg _ ≤ 14 15-22 ≥ 23
Ceftriaxone 30 µg _ ≤ 13 14-20 ≥ 21
Ciprofloxacin 5 µg _ ≤ 15 16-20 ≥ 21
clarithromycin 15 µg _ ≤ 13 14-17 ≥ 18
Doxycycline 30 µg _ ≤ 12 13-15 ≥ 16
Imipenem 10μg _ _ ≤ 13 14-15 ≥ 16
Linezolid 30 µg _ ≤20 - ≥21
Minocycline 30 µg _ ≤ 14 15-18 ≥ 19
Moxifloxacin 5 µg _ ≤20 21-23 ≥24
Sulfamethoxazo-
le+Trimethoprim

23.75/ 
1.25 μg

≤ 10 11-15 ≥ 16

Tobramycin 10 µg _ ≤12 13-14 ≥15

Table 3. Interpretive Standards of Inhibition 
Halo Diameters and Equivalent Minimum 

Inhibitory Concentration (MIC) Cutoff Points 
for Staphylococcus sp*.

S= Sensitive; I= Intermediate; R= Resistant

*Based on CLSI document. Performance 
Standards for Antimicrobial Susceptibility 

Testing. Table 2C. Zone Diamenter and MIC 
Breakpoints for Staphylococcus spp. M02 and 

M07. 30 th ed. CLSI supplement M100. Wayne. 
PA: Clinical and Laboratory Standards 

Institute; 2020 50.

DISCUSSION
In the presumptive identification of 

bacteria, phenotypic characteristics such 
as morphology, cultivation, nutrition, 
biochemistry, metabolism, pathogenesis, 
serology and ecology must be considered. 
Thus, the presumptive identification of R. 
equi is no exception to the rule. In this review 
study, we addressed the morphophysiological 
characteristics to show a profile compatible 
with R. equi, according to pre-established 
descriptions 2,4,34.

According to Prescott (1991)², variation 
in colony types in R. equi cultures is observed 

in recent cultures. The classic type of colonies 
with a viscous and coalescing consistency is 
normally predominant, however, colonies 
with a creamy consistency and a diameter of 
less than 1 mm can also be found. Therefore, 
pleomorphic colonies may form in the culture 
of the same isolate. Pigment production is 
rarely observed in cultures less than 4 days 
old. Generally, after 4 to 7 days of culture on 
non-selective medium, colonies may develop 
a delicate salmon-pink hue, slightly yellow, or 
may be non-pigmented. Cultures maintained 
on an inclined medium for prolonged periods 
without subcultures commonly become rough, 
dry, and orange-red, but revert to classic 
colonies on subcultures.

With regard to microscopic morphology 
and staining properties, R. equi presents the 
Gram-positive bacillus form, varying from 
distinct coccoid to bacillary forms, depending 
on the growth conditions. The coccoid forms 
are usually observed in cultures in solid 
medium and purulent material from patients. 
From liquid medium, particularly in young 
cultures, bacilli are observed forming long or 
short filaments, which may show rudimentary 
ramifications 2,4,34.

According to Prescott (1991)², the resistance 
to acid alcohol presented by R. equi seems to 
depend on the staining technique used, the 
age of the cultures and the culture medium 
used. Most reports fail to demonstrate this 
inconsistent feature of the microorganism.

 Originally, CAMP Test he was described 
by Christie et al. (1944) 51 whose initials gave 
rise to the term CAMP. The test determines 
an increased hemolytic area, due to the lysis 
that occurs with ovine or bovine erythrocytes 
contained in agar. The phenomenon occurs by 
the synergistic action of sphingomyelinase W 
(betatoxin) produced by Staphylococcus aureus 
and the CAMP Factor (cohemolysin), a protein 
of 25.3 kDa secreted by group B streptococci 
(Streptococcus agalactiae). The reaction takes 
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place with erythrocytes whose Cell membranes 
contain hair minus 45 mol % sphingomyelin 
52 in one process two-step sequential. in the 
first reaction takes place the hydrolysis of 
sphingomyelin membrane and phospholipids 
by action from the sphingomyelinase or 
phospholipase and in the second reaction, the 
CAMP factor interacts with the membrane of 
erythrocytes, causing cell lysis 53, 54.

Many Gram positive and Gram-negative 
bacteria are known to be CAMP Test positive, 
including Listeria sp 29, R. equi 31, Pasteurella sp 
55, Aeromonas sp 56, Vibrio sp 57, Streptococcus 
agalactiae 58, Actinobacillus pleuropneumoniae 
59, Bartonella henselae 52.

Like R. equi, other Gram-positive 
bacteria that contain mycolic acids, such as 
Mycobacterium sp, R. erythropolis and R. 
rhodochrous, show cholesterol oxidase activity 
60, indicating the possibility of being CAMP 
Test positive. Although the CAMP Test is 
not a unique characteristic for R. equi, it is 
distinctive for it, and must always be used in 
its identification, since negative equi factor 
isolates have not yet been described 31. In this 
context, this proof must be considered as the 
most important factor for the presumptive 
identification of R. equi.

Several studies show that, normally, R. equi is 
susceptible to aminoglycosides, erythromycin, 
fluoroquinolones, glycopeptides, imipenem 
and rifampicin, while for other antibiotics 
such as cephalosporins, clindamycin, 
chloramphenicol, cotrimoxazole and 
tetracycline, it presents variable susceptibility. 
In general, the use of Beta-lactams is not 
recommended, since typically, the isolates are 
especially resistant to penicillins. Therefore, 
treatment with these antibiotics must be 
avoided, even for susceptible isolates, as a rapid 
acquisition of resistance can occur 16,47,49,61,62.

Some authors draw attention to the 
intra-histiocytic survival of R. equi, where 
the importance of the intracellular activity 

of the antibiotic is not clear. Other authors 
report the use of antimicrobial combinations 
containing an agent with intracellular activity, 
while some claim that bactericidal activity is 
more important, especially during the initial 
treatment, when microorganisms present 
greater numbers, both in extracellular and 
intracellular conditions 49,63.

R. equi isolates recovered from sputum 
cultures, Silva et al. (2010) 46, obtained results 
with 100% susceptibility to the antibiotics 
amikacin, clarithromycin, ciprofloxacin, 
doxycycline and minocycline. In the study 
by Torres-Tortosa et al., (2003) 45, the most 
effective antimicrobial agents were amikacin 
(100%), imipenem (97.6%) and ciprofloxacin 
(94%).

McNeil & Brown (1992) 36 did not 
find resistance in an isolate of R. equi to 
amoxicillin+clavulanic acid and imipenem.

The study by Silva et al. (2010) 46 showed that 
the -lactam agents btested did not show good 
activity, where 90% of the isolates were resistant 
to Amoxicillin. However, when associated 
with clavulanic acid, there was a significant 
increase in sensitivity (88.3%). The detection 
of resistance-mediating enzymes determined 
by the production of ß-lactamase was negative, 
using the nitrocefin disc method, in all R. equi 
isolates recovered from sputum culture, mainly 
in those that showed resistance to ß-lactams. 
As for the antimicrobials imipenem and 
ceftriaxone, the isolates showed sensitivity of 
100% and 93.3%, respectively.

Nordmann et al. (1994) 64 did not find in 
resistant isolates of R. equi, a plasmid with a 
structural gene for b-lactamase. However, they 
verified the presence of bacteriophages in such 
isolates which, when tested in mice, showed 
greater virulence and greater ability to lead 
to chronic infection. They concluded that, in 
human bR. equi isolates, the β-lactam resistance 
phenotype may be mediated by phages and be 
related to virulence.
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Linezolid (oxazolidone class) is used in the 
treatment of Gram-positive bacillus infections, 
including Corynebacterium sp, and little is 
known about its efficacy in the treatment of 
rodococcosis due to the lack of information in 
the literature 65. In the study by Bowersock et 
al (2000) 66 linezolid was effective in vitro in all 
102 strains of R. equi (36 isolated from humans 
and 66 from horses) presenting MIC=2 mg/
mL.

Antimicrobials from the macrolide 
class stand out when compared to other 
drugs, however, preference must be given 
to clarithromycin and azithromycin over 
erythromycin due to their well-documented 
decrease in sensitivity in recent years and their 
contribution to gastrointestinal side effects 
67,68.69.

Silva et al. (2010) 46 found 40% sensitivity to 
sulfamethoxazole+trimethoprim in 60 isolates 
of R. equi. However, when analyzed separately 
by trimethoprim, only 6.7% were sensitive to 
this agent. McNeil and Brown (1992) 36 found 5% 
resistance to sulfamethoxazole+trimethoprim 
in 98 R. equi isolates from human clinical 
samples. Two other studies of R. equi isolated 
from soil and animals carried out by Barton & 
Hughes (1984) 70, with 66 isolates and Woolcock 
and Mutimer (1980) 71, with 100 isolates, 
demonstrated resistance to sulfonamides of 58 
and 50%, respectively.

CONCLUSIONS
Since R. equi is a microorganism partially 

resistant to acid alcohol, which induces a 
clinical picture similar to that of tuberculosis, 
the differential diagnosis deserves special 
importance, especially in countries like 
Brazil, where the prevalence of tuberculosis 

is high. This microorganism must always be 
suspected when cultures, mainly those for 
the investigation of tuberculosis, present 
colonies with distinct pigmentation and in 
the microscopic observations of the same 
under Gram stain, pleomorphic Gram-
positive coccobacilli are found. The suspicion 
is reinforced by performing microscopy 
of culture smears stained by the Ziehl-
Neelsen method, modified by Kinyoun, 
and the microorganism shows partial acid 
resistance. From a laboratory point of view, 
the identification of these bacteria, even if 
presumptive, is crucial for these possible 
etiological agents not to be discarded as simple 
contaminants.

catalase, oxidase, lipase, DNase, gelatinase 
and lecithinase tests being complementary.

From a clinical point of view, presumptive 
identification is often enough to initiate 
empirical treatment with antimicrobial 
agents, especially in immunocompromised 
patients with cavitary infectious lesions, 
in order to institute specific treatment 
for rhodococcosis. Sensitivity test is only 
standardized for the microdilution method 
in broth for Nocardia sp and other aerobic 
actinomycetes, including Rhodococcus sp. In 
recent years, several researchers have followed 
the interpretation criteria of accepted cutoff 
points for Staphylococcus sp.

Due to the emergence of R. equi as 
a cause of infections, especially among 
immunocompromised patients, the need 
for its routine investigation in microbiology 
laboratories, using more appropriate 
identification techniques, as well as more 
clinical studies to outline a diagnostic 
conclusion, increases. and treatment regimens.



 14
International Journal of Health Science ISSN 2764-0159 DOI 10.22533/at.ed.1593722311096

REFERENCES
01- Conville PS, Witebsky FG. Nocardia, Rhodococcus, Gordonia, Actinomadura, Streptomyces, and Other Aerobic Actinomycetes. 
In: Jorgensen JH, Pfaller MA, Carrol KC, Landry ML, Funke G, Richter SS, Warnock DW. Manual of Clinical Microbiology.  11th 

ed Washington, DC. ASM Press, 2015.p.504-535.

02- Prescott JF. Rhodococcus equi: an animal and human pathogen. Clin Microbiol Rev. 1991; 4(1):20-34. doi: 10.1128/
CMR.4.1.20. PMID: 2004346; PMCID: PMC358176. Disponível em: [https://pubmed.ncbi.nlm.nih.gov/2004346/]. Acesso em: 
03 Ago 2023.

03- Holt JG, Krieg NR, Sneath PHA, Staley JT, Willians ST. Group 22. Nocardioform actinomycetes. In: Bergey’s Manual of 
Determinative Bacteriology. 9th ed. Williams & Wilkins. Baltimore MD, 1994, p. 625-50.

04- Beaman BL, Saubolle MA, Wallace RJ. Nocardia, Rhodococcus, Streptomyces, Oerskovia, and ather Aerobic Actinomycetes of 
Medical Importance. In:  Murray PR, Baron EJ, Pfaller MA, Tenover FC, Yolken RH. Manual of Clinical Microbiology. 6th ed. 
Washington, D.C. ASM Press, 1995. p. 379-399.

05- Brown JM, McNeil MM, Desmond EP. Nocardia, Rhodococcus, Gordona, Actinomadura, Streptomyces, and other actinomycetes 
of medical importance. In: Murray PR, Baron EJ, Pfaller MA, Tenover FC, Yolken, RH. Manual of clinical microbiology. 7th ed. 
Washington, D.C. ASM Press,1999. p. 370-98.

06- Goodfellow M,  Alderson G. The Actinomycete-genus Rhodococcus: A Home for the rhodochrous’ Complex. Journal of 
General Microbiology.1977; 100:99-122.  Department of Microbiology, The Medical School, The University, Newcastle upon 
Tyne NEI 7RU (Received 28 September 1976).

07-NamesforLife. Abstract for Rhodococcus equi (Magnusson 1923) Goodfellow and Alderson 1977 (Approved Lists 1980) 
emend. Nouioui et al. 2018. NamesforLife, LLC. Retrieved August 18, 2022. Disponível em: [https://doi.org/10.1601/nm.6480 
Rhodococcus equi (namesforlife.com)]

08- Garrity GM. Conservation of Rhodococcus equi (Magnusson 1923) Goodfellow and Alderson 1977 and rejection of 
Corynebacterium hoagii (Morse 1912) Eberson 1918. Int J Syst Evol Microbiol. 2014; 64(Pt 1):311-2. Doi: 10.1099/ijs.0.059741-0. 
PMID: 24408953. Disponível em: [https://www.microbiologyresearch.org/content/journal/ijsem/10.1099/ijs.0.059741-0#tab2]. 
Acesso em: 30 Jul 2023.

09- Goodfellow M, Sangal V, Jones AL, Sutcliffe IC. Charting stormy waters: A commentary on the nomenclature of the equine 
pathogen variously named Prescottella equi, Rhodococcus equi and Rhodococcus hoagii. Equine Vet J. 2015; 47(5):508-9. Doi: 
10.1111/evj.12399. Epub 2015 Apr 24. PMID: 25912143. Disponível em:  [https://pubmed.ncbi.nlm.nih.gov/25912143/]. Acesso 
em: 01 Ago 2023.

10- Vázquez-Boland JA, Meijer WG. The pathogenic actinobacterium Rhodococcus equi: what’s in a name? Mol Microbiol. 2019; 
112(1):1-15. doi: 10.1111/mmi.14267. Epub 2019 Jun 17. PMID: 31099908; PMCID: PMC6852188. Disponível em: [https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC6852188/pdf/MMI-112-1.pdf.] Acesso em: 13 Jul 2023.

11- Vázquez- Boland JA, Scortti1 M, Meijer WG. Conservation of Rhodococcus equi (Magnusson 1923) Goodfellow and 
Alderson 1977 and rejection of Rhodococcus hoagii (Morse 1912) Kämpfer et al. 2014. Int. J. Syst. Evol. Microbiol. 2020; 70: 
3572–76. Disponível em: [file:///C:/Users/Bac%20IAL/Downloads/Conservation_of_Rhodococcus_equi_Magnusson_1923_
Go.pdf.] Acesso em: 13 Jul 2023.

12- Viana LR. Identificação fenotípica e molecular de Rhodococcus equi e Dietzia maris em bubalinos.  Dissertação de 
Mestrado. Universidade Federal de Santa Maria. Programa de Pós-graduação em Medicina Veterinária. Santa Maria, R. 
S. Brasil, 28 agosto de 2007. Disponível em: [https://repositorio.ufsm.br/bitstream/handle/1/9994/LUCIANE%20VIANA.
pdf?sequence=1&isAllowed=y]. Acesso em: 05 Ago 2023.

13- Pal M, Gutama PK, Singh S, Botton S.  Rhodococcus equi: An emerging bacterial pathogen of public health significance. 
Journal of Advances in Microbiology Research 2023; 4(1):32-35. Disponível em: [https://www.microbiojournal.com/
article/63/4-1-7-729.pdf.] Acesso em 13 de jul 2023.

14- Scott MA, Graham BS, Verrall R, Ixon R, Schaffner W, Tham KT. Rhodococcus equi: an increasingly recognized opportunistic 
pathogen. Report of 12 Cases and Review of 65 Cases in the Literature. American Journal of Clinical Pathology. 1995; 103(5):649–
55. https://doi.org/10.1093/ajcp/103.5.649. Disponível em: [https://academic.oup.com/ajcp/article-abstract/103/5/649/1756246
?redirectedFrom =fulltext] Acesso em: 05 Ago 2023.

https://pubmed.ncbi.nlm.nih.gov/2004346/
https://doi.org/10.1601/nm.6480
https://www.namesforlife.com/10.1601/nm.6480
https://pubmed.ncbi.nlm.nih.gov/25912143/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6852188/pdf/MMI-112-1.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6852188/pdf/MMI-112-1.pdf
file:///C:/Users/Bac%20IAL/Downloads/Conservation_of_Rhodococcus_equi_Magnusson_1923_Go.pdf
file:///C:/Users/Bac%20IAL/Downloads/Conservation_of_Rhodococcus_equi_Magnusson_1923_Go.pdf
https://repositorio.ufsm.br/bitstream/handle/1/9994/LUCIANE%20VIANA.pdf?sequence=1&isAllowed=y
https://repositorio.ufsm.br/bitstream/handle/1/9994/LUCIANE%20VIANA.pdf?sequence=1&isAllowed=y
https://www.microbiojournal.com/article/63/4-1-7-729.pdf
https://www.microbiojournal.com/article/63/4-1-7-729.pdf
https://doi.org/10.1093/ajcp/103.5.649
https://academic.oup.com/ajcp/article-abstract/103/5/649/1756246?redirectedFrom%20=fulltext
https://academic.oup.com/ajcp/article-abstract/103/5/649/1756246?redirectedFrom%20=fulltext


 15
International Journal of Health Science ISSN 2764-0159 DOI 10.22533/at.ed.1593722311096

15- Byrne AB, Prescott JF, Palmer GH, Takay S, Nicholson VM, Alperin DC et al. Virulence Plasmid of Rhodococcus equi 
Contains Inducible Gene Family Encoding Secreted Proteins. Infection and Immunity. 2001; 69(2):650–56. DOI: 10.1128/
IAI.69.2.650–656.2001.Disponível em:  [https://journals.asm.org/doi/epdf/10.1128/iai.69.2.650-656.2001]. Acesso em 22 de jul 
2023.

16- Kedlaya I, Herchline TE. Rhodococcus equi Infection. emedicine.medscape.com. Updated: Jan 05, 2023.Disponível em: 
[https://emedicine.medscape.com/article/235466-print.] Acesso em: 27 Jul 2023.

17- Weinstock DM, Brown AE. Rhodococcus equi: an emerging pathogen. Clin Infect Dis. 2002; 34(10):1379-85. Doi: 
10.1086/340259. Epub 2002 Apr 25. PMID: 11981734.  Disponível em:[https://pubmed.ncbi.nlm.nih.gov/11981734/]. Acesso 
em: 25 Jul 2023.

18- Munsakul W, Munsakul N, Rongjirathananont S, Lerdpanya R, Vititpatarapak N, sangsuk L. Pulmonary rhodococcosis 
in AIDS patients: Report of two cases in Bangkok Metropolitan Adminstration Medical College and Vajira hospital. J 
Infect Dis Antimicrob Agents 2004; 21(1): 25-8. Disponível em: [https://www.idthai.org/2015/journal/_file_abstract/file_
abstractb7b16ecf8ca53723593894116071700c.pdf.] Acesso em: 02 Ago 2023.

19- Linder R. Rhodococcus equi and Arcanobacterium haemolyticum: two “coryneform” bacteria increasingly recognized as agents 
of human infection. Emerg. Infect. Dis.1997; 3:145-53. Disponível em: [https://www.researchgate.net/publication/14015655]. 
Acessado em: 02 Ago 2023

20- Oliveira GFX, Neves DR, Pedrosa HASR, Arinos AR. Rev. Min. Saúde Púb. 2004; 3(5): 43-60. Disponível em: [https://docs.
bvsalud.org/biblioref/coleciona-sus/2004/28166/28166-383.pdf]. Acesso em: 03 Ago 2023.

21- Baba H, Nada T, Ohkusu K, Ezaki T, Hasegawa Y, Paterson DL. First case of bloodstream infection caused by Rhodococcus 
erythropolis. J Clin Microbiol. 2009 ;47(8):2667-9. doi: 10.1128/JCM.00294-09. Epub 2009 Jun 3. PMID: 19494072; PMCID: 
PMC2725670. Disponível em: [https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2725670/pdf/0294-09.pdf]. Acesso em: 12 Jul 
2023.

22- Conlin PA, Willingham KJ, Oliver JW. Rhodococcus Bacteremia in an Immunocompetent Patient. Laboratory Medicine. 
2000; 31(5): 263-65.

23- Von Bargen K, Haas A. Molecular and infection biology of the horse pathogen Rhodococcus equi. FEMS Microbiology 
Reviews. 2009; 33(5): 870–91. https://doi.org/10.1111/j.1574-6976.2009.00181.x. Disponível em: [https://academic.oup.com/
femsre/article/33/5/870/562772]. Acesso em: 20 Ago 2023.

24- Hendrickson DA, Krenz MM. Cap 122. Reagents and Stains. In: Ballows A, Hausler Jr. WJ, Herrmann KL, Isenberg HD, 
Shadomy HJ. Manual of clinical microbiology. 5th ed. Washington, D.C. ASM Press, 1991. p. 1289-1314.

25- McNeil MM, Brown JM. The medically important aerobic actinomycetes: epidemiology and microbiology. Clin. Microbiol. 
Rev. 1994; 7: 357-417. Disponível : [https://www.ncbi.nlm.nih.gov/pmc/articles/PMC358331/.] Acesso em: 02 Ago 2023.

26- Krewer CC, Costa MM, Schrank I, Vargas AC. Rhodococcus equi. Arq. Inst. Biol. 2008; 75(4): 533-45. Disponível em: [http://
www.biologico.sp.gov.br/uploads/docs/arq/v75_4/krewer.pdf]. Acessado em: 02 Ago 2023

27- Pei Y, Dupont C, Sydor T, Haas A, Prescott JF. Cholesterol oxidase (ChoE) is not important in the virulence of Rhodococcus 
equi. Veterinary Microbiology. 2006; 118(3):4-20. December 2006, Pages 240-246. Disponível em: [https://www.sciencedirect.
com/science/article/abs/pii/S0378113506003099?via%3Dihub[. Acesso em: 03 Ago 2023.

28- Brown JM, McNeil MM. Nocardia, Rhodococcus, Gordonia, Actinomadura, Streptomyces, and other aerobic actinomycetes, 
In: Murray PR, Baron EJ, Pfaller M A, Tenover FC, Yolken RH. (ed.), Manual of clinical microbiology, 8th ed. Washington, D.C 
ASM Press, 2003. p. 502-31.

29- McKellar RC. Use of the CAMP test for identification of Listeria monocytogenes. Appl Environ Microbiol. 1994; 60(12):4219-
25. doi: 10.1128/aem.60.12.4219-4225.1994. PMID: 7811061; PMCID: PMC201972. Disponível em: [https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC1168562/.] Acessado em: 02 Ago 2023.

30- Bille J, Doyle MP. Listeria and Erysipelothrix. In: Ballows A, Hausler JrWJ, Herrmann KL, Isenberg HD, Shadomy HJ. Manual 
of Clinical Microbiology, 5th ed. Washington, D.C. ASM Press, 1991. p. 287–295.

31- Navas J, González-Zorn B, Ladrón N, Garrido P, Vázquez-Boland JA. Identification and mutagenesis by allelic exchange 
of choE, encoding a cholesterol oxidase from the intracellular pathogen Rhodococcus equi. J Bacteriol. 2001;183(16):4796-805. 
doi: 10.1128/JB.183.16.4796-4805.2001. PMID: 11466283; PMCID: PMC99534. Disponível em: [https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC99534/.] Acessado em: 03 Ago 2023.

https://journals.asm.org/doi/epdf/10.1128/iai.69.2.650-656.2001
https://emedicine.medscape.com/article/235466-print
https://pubmed.ncbi.nlm.nih.gov/11981734/
https://www.idthai.org/2015/journal/_file_abstract/file_abstractb7b16ecf8ca53723593894116071700c.pdf
https://www.idthai.org/2015/journal/_file_abstract/file_abstractb7b16ecf8ca53723593894116071700c.pdf
https://www.researchgate.net/publication/14015655
https://docs.bvsalud.org/biblioref/coleciona-sus/2004/28166/28166-383.pdf
https://docs.bvsalud.org/biblioref/coleciona-sus/2004/28166/28166-383.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2725670/pdf/0294-09.pdf
https://doi.org/10.1111/j.1574-6976.2009.00181.x
https://academic.oup.com/femsre/article/33/5/870/562772
https://academic.oup.com/femsre/article/33/5/870/562772
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC358331/
http://www.biologico.sp.gov.br/uploads/docs/arq/v75_4/krewer.pdf
http://www.biologico.sp.gov.br/uploads/docs/arq/v75_4/krewer.pdf
https://www.sciencedirect.com/journal/veterinary-microbiology
https://www.sciencedirect.com/journal/veterinary-microbiology/vol/118/issue/3
https://www.sciencedirect.com/science/article/abs/pii/S0378113506003099?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0378113506003099?via%3Dihub
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1168562/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1168562/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC99534/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC99534/


 16
International Journal of Health Science ISSN 2764-0159 DOI 10.22533/at.ed.1593722311096

32- Flores M, Ford EG, Janda JM. Value of the O-Nitrophenyl-p-D Galacto pyranoside Test To Differentiate among the 
Aerobic Actinomycetes. J. Clin. Microbiol.1990; 28(9): 2142-44. Disponível em: [https://journals.asm.org/doi/epdf/10.1128/
jcm.28.9.2142-2144.1990[. Acesso em: 28 jul 2023.

33-Fiss E, Brooks GF. Use of a Siderophore Detection Medium, Ethylene Glycol Degradation, and 3-Galactosidase Activity in 
the Early Presumptive Differentiation of Nocardia, Rhodococcus, Streptomyces, and Rapidly Growing Mycobacterium Species. J. 
Clin. Microbiol. 1991; 29 (7): 1533-35. Disponível em: [https://www.ncbi.nlm.nih.gov/pmc/articles/PMC270150/pdf/jcm00043-
0269.pdf]. Acesso em: 28 jul 2023.

34- Bizet C, Barreau C, Harmant C, Nowakowski M, Pietfroid A. Identification of Rhodococcus, Gordona and Dietzia species 
using carbon source utilization tests (“Biotype-100” strips) Identification des espèces des genres Rhodococcus, Gordona et 
Dietzia à l’aide du test “Biotype-100” comme source de carbone. Research in Microbiology. 1997; 148(9): 799-809. https://doi.
org/10.1016/S0923-2508(97)82456-4. Disponível em: [https://www.sciencedirect.com/science/article/abs/pii/S0923250897824
564?via%3Dihub#preview-section-abstract.] Acesso em: 22 Jul 2023.

35- Silva, Paulo da. Valorização do diagnóstico laboratorial, na identificação de Rhodococcus equi isolado do escamo 
de pacientes suspeitos de tuberculose. Tese (Doutorado) – Universidade Estadual Paulista. “Júlio de Mesquita Filho”. 
Faculdade de Ciências Farmacêuticas. Programa de Pós Graduação em Biociências e Biotecnologia Aplicadas à Farmácia. 
Araraquara, 2009. 145 f. Disponível em: [https://repositorio.unesp.br/bitstream/handle/11449/103933/silva_p_dr_arafcf.
pdf?sequence=1&isAllowed=y]. Acesso em: 04 Ago 2023.

36- McNeil, M. M., and J. M. Brown. “Distribution and Antimicrobial Susceptibility of Rhodococcus Equi from Clinical 
Specimens.” European Journal of Epidemiology.1992; 8(3): 437–43. Disponível em: [http://www.jstor.org/stable/3520678.] 
Acesso em: 30 Jul 2023.

37- Severo LC, Ritter P, Petrillo VF, Dias CAG, Porto NS. Infecção pulmonar por Rhodococcus equi: relato dos 
dois primeiros casos brasileiros. J. Pneumol. 2001; 27(3):158-62. Disponível em: [https://www.scielo.br/j/jpneu/a/
PP4R8kL8XJbG9vntq3qpXhP/?format=pdf&lang=pt.]Acesso em: 05 Ago 2023.

38- Ribeiro MG, Salerno T, Lara GHB, Siqueira AK, Fernandes MC. Fatores de virulência de Rhodococcus equi. Implicações na 
epidemiologia e controle da rodococose nos animais e no homem. Vet Zootec. 2007; 14(2): 147-63.  Disponível em: [https://
scholar.google.com.br/citations?hl=pt-BR&user=KlwTIeAAAAAJ&view_op=list_works&sortby=pubdate]. Acesso em: 04 Ago 
2023.

39- Lasky JA, Pulkingham N, Powers MA, Durack DT. Rhodococcus equi causing human pulmonary infection: review of 29 
cases. South Med J. 1991; 84(10):1217-20. doi: 10.1097/00007611-199110000-00014. PMID: 1925723. Disponível em: [https://
pubmed.ncbi.nlm.nih.gov/1925723/.] Acesso em: 02 Ago 2023.

40- Díaz-Corrales FJ, Serrano JA. Rhodococcus equi en humanos. Aspectos clínicos y terapéuticos. Rev. Soc. Ven. Microbiol.   
2003; 23(2): 131-4. Disponível em: [http://ve.scielo.org/scielo.php?script=sci_arttext&pid=S1315-25562003000200006&ln 
g=pt&nrm=iso&tlng=es.] Acesso em: 27 jul 2023.

41- Ribeiro MG, Paes AC, Listoni FJP. Minimal inhibitory concentration of azithromycin in Rhodococcus equi strains isolated from 
foals. Arq. Bras. Med. Vet. Zootec. 2006; 58(6):1244-6. Disponível em: [https://www.researchgate.net/publication/240770685_
Minimal_inhibitory_concentration_of_azithromycin_in_Rhodococcus_equi_strains_isolated_from_foals.] Acesso em: 03 Ago 
2023

42- CLSI/NCCLS. Susceptibility Testing of Mycobacteria, Nocardiae, and Other Aerobic Actinomycetes; Approved Standard. 
NCCLS document M24-A [ISBN 1-56238-500-3]. NCCLS, 940 West Valley Road, Suite 1400, Wayne, Pennsylvania 19087-1898 
USA, 2003.) Disponível em: [https://webstore.ansi.org/preview-pages/CLSI/preview_M24-A.pdf.] Acessado em: 27 Jul 2023.

43- Woods GL, Brown-Elliott BA, Conville PS, et al. Susceptibility Testing of Mycobacteria, Nocardiae, and Other Aerobic 
Actinomycetes [Internet]. 2nd edition. Wayne (PA): Clinical and Laboratory Standards Institute; 2011 Mar. (CLSI publication/
Clinical and Laboratory Standards Institute, No. 31.5.) Disponível em: [https://www.ncbi.nlm.nih.gov/books/NBK544374/.] 
Acesso em: 27 Jul 2023.

44- Asoh N, Watanabe H, Fines-Guyon M, Watanabe K, Oishi K, Kositsakulchai Wet al. Emergence of rifampin-resistant 
Rhodococcus equi with several types of mutations in the rpoB gene among AIDS patients in northern Thailand. J Clin Microbiol. 
2003; 41(6):2337-40. doi: 10.1128/JCM.41.6.2337-2340.2003. PMID: 12791846; PMCID: PMC156560. Disponível em: [https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC156560/pdf/1769.pdf.] Acesso em 12 de jul 2023.

https://journals.asm.org/doi/epdf/10.1128/jcm.28.9.2142-2144.1990
https://journals.asm.org/doi/epdf/10.1128/jcm.28.9.2142-2144.1990
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC270150/pdf/jcm00043-0269.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC270150/pdf/jcm00043-0269.pdf
https://www.sciencedirect.com/journal/research-in-microbiology
https://www.sciencedirect.com/journal/research-in-microbiology/vol/148/issue/9
https://doi.org/10.1016/S0923-2508(97)82456-4
https://doi.org/10.1016/S0923-2508(97)82456-4
https://repositorio.unesp.br/bitstream/handle/11449/103933/silva_p_dr_arafcf.pdf?sequence=1&isAllowed=y
https://repositorio.unesp.br/bitstream/handle/11449/103933/silva_p_dr_arafcf.pdf?sequence=1&isAllowed=y
http://www.jstor.org/stable/3520678
https://www.scielo.br/j/jpneu/a/PP4R8kL8XJbG9vntq3qpXhP/?format=pdf&lang=pt
https://www.scielo.br/j/jpneu/a/PP4R8kL8XJbG9vntq3qpXhP/?format=pdf&lang=pt
https://scholar.google.com.br/citations?hl=pt-BR&user=KlwTIeAAAAAJ&view_op=list_works&sortby=pubdate
https://scholar.google.com.br/citations?hl=pt-BR&user=KlwTIeAAAAAJ&view_op=list_works&sortby=pubdate
https://pubmed.ncbi.nlm.nih.gov/1925723/
https://pubmed.ncbi.nlm.nih.gov/1925723/
http://ve.scielo.org/scielo.php?script=sci_arttext&pid=S1315-25562003000200006&ln%20g=pt&nrm=iso&tlng=es
http://ve.scielo.org/scielo.php?script=sci_arttext&pid=S1315-25562003000200006&ln%20g=pt&nrm=iso&tlng=es
https://www.researchgate.net/publication/240770685_Minimal_inhibitory_concentration_of_azithromycin_in_Rhodococcus_equi_strains_isolated_from_foals
https://www.researchgate.net/publication/240770685_Minimal_inhibitory_concentration_of_azithromycin_in_Rhodococcus_equi_strains_isolated_from_foals
https://webstore.ansi.org/preview-pages/CLSI/preview_M24-A.pdf
https://www.ncbi.nlm.nih.gov/books/NBK544374/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC156560/pdf/1769.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC156560/pdf/1769.pdf


 17
International Journal of Health Science ISSN 2764-0159 DOI 10.22533/at.ed.1593722311096

45- Torres-Tortosa M, Arrizabalaga J, Villanueva JL, Gálvez J, Leyes M, Valencia ME et al. Prognosis and clinical evaluation 
of infection caused by Rhodococcus equi in HIV-infected patients: a multicenter study of 67 cases. Chest. 2003;123(6):1970-6. 
doi: 10.1378/chest.123.6.1970. PMID: 12796176. Disponível em: [https://journal.chestnet.org/article/S0012-3692(16)34819-X/
fulltext.] Acesso em: 04 Ago 2023.

46- Silva P, Miyata M, Sato DN, Santos ACB, Mendes NH, Leite CQF. Rhodococcus equi isolation from sputum of patients 
with suspected tuberculosis. Mem Inst Oswaldo Cruz.2010; 105(2): 199-202.Disponível em: [https://www.scielo.br/j/mioc/a/
yT9zSjHLzC9tbDL5L3cX4Mz/?format=pdf&lang=en.] Acesso em: 29 Jul 2023.

47- Giguère S, Lee E, Williams E, Cohen ND, Chaffin MK, Halbert N et al. Determination of the prevalence of antimicrobial 
resistance to macrolide antimicrobials or rifampin in Rhodococcus equi isolates and treatment outcome in foals infected with 
antimicrobial-resistant isolates of R equi. Javma. 2010; 237(1):74-81. DOI: https://doi.org/10.2460/javma.237.1.74. Disponível 
em: [https://avmajournals.avma.org/view/journals/javma/237/1/javma.237.1.74.xml.] Acesso em: 20 Ago 2023.

48- Berghaus LJ, Giguère S, Guldbech K, Warner E, Ugorji U, Berghaus RD. Comparison of Etest, Disk Diffusion, and Broth 
Macrodilution for In Vitro Susceptibility Testing of Rhodococcus equi. Journal of Clinical Microbiology. 2015; 53(1): 314-8 DOI: 
https://doi.org/10.1128/jcm.02673-14. Disponível em: [https://journals.asm.org/doi/epub/10.1128/jcm.02673-14.] Acesso em: 
20 ago 2023.

49- Kedlaya I, Ing MB, Wong SS. Rhodococcus equi infections in immunocompetent hosts: case report and review. Clin Infect Dis. 
2001; 32(3):E39-46. https://doi.org/10.1086/318520. Disponível em: [https://academic.oup.com/cid/article/32/3/e39/284417]. 
Acesso em: 25 Jul 2023.

50- Clinical and Laboratory Standards Institute (CLSI). Performance Standards for Antimicrobial Susceptibility Testing. Table 
2C. Zone Diamenter and MIC Breakpoints for Staphylococcus spp. M02 and M07. 30th ed. CLSI supplement M100 (ISBN 978-1-
68440-066-9 [Print]; ISBN 978-1-68440-067-6 [Electronic]). Clinical and Laboratory Standards Institute, 950 West Valley Road, 
Suite 2500, Wayne, Pennsylvania 19087 USA, 2020. Disponível em: [https://www.nih.org.pk/wp-content/uploads/2021/02/
CLSI-2020.pdf.] Acesso em: 27 Jul 2023

51-Christie R, Atkins NE, Munch-Petersen E. (1944). A note on a lytic phenomenon shown by group B streptococci. Aust. J. 
Exp. Biol. Med. Sci. 1944; 22:197-200. Disponível em: [https://en.wikipedia.org/wiki/CAMP_test#cite_ref-14.] Acesso em 23 de 
jul 2023.

52- Litwin CM, Johnson JM. Identification, cloning, and expression of the CAMP-like factor autotransporter gene (cfa) of 
Bartonella henselae. Infect Immun. 2005;73(7):4205-13. doi: 10.1128/IAI.73.7.4205-4213.2005. PMID: 15972511; PMCID: 
PMC1168562. Disponível em: [https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1168562/pdf/1320-04.pdf.] Acesso em: 02 Ago 
2023.

53- Darling CL. Standardization and evaluation of the CAMP reaction for the prompt, presumptive identification of 
Streptococcus agalactiae (Lancefield group B) in clinical material. J Clin Microbiol. 1975;1(2):171-4. doi: 10.1128/jcm.1.2.171-
174.1975. PMID: 1100651; PMCID: PMC275005. Disponível em: [https://www.ncbi.nlm.nih.gov/pmc/articles/PMC275005/.] 
Acesso: 23 de jul. 2023.

54- Bernheimer AW, Linder R, Avigad LS. Nature and Mechanism of Action of the CAMP Protein of Group B Streptococci. 
Infection and Immunity. 1979; 23(3): 838-44. Doi:0019-9567/79/03-0838/07$02.00/0. Disponível em: [https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC414240/pdf/iai00183-0286.pdf.] Acesso em: 13 Jul 2023.

55- Fraser G. The Hemolysis of Animal Erythrocytes by Pasteurella haemolytica Produced in Conjunction with Certain 
Staphylococcal Toxins. Research in Veterinary Science. 1962; 3(1):104-11. ISSN 0034-5288. https://doi.org/10.1016/S0034-
5288(18)34933-6. Disponível em: [https://www.sciencedirect.com/science/article/ abs/pii/S0034528818349336?via%3Dihub.] 
Acesso em: 28 Jul 2023.

56- Figura N, Guglielmetti P. Differentiation of motile and mesophilic Aeromonas strains into species by testing for a CAMP-
like factor. J Clin Microbiol. 1987;25(7):1341-2. doi: 10.1128/jcm.25.7.1341-1342.1987. PMID: 3611325; PMCID: PMC269213. 
Disponível em: [https://www.ncbi.nlm.nih.gov/pmc/articles/PMC269213/ pdf/jcm00091-0219.pdf.] Acesso em: 28 Jul 2023.

57- Köhler W. CAMP-like phenomena of Vibrios. Zentralbl Bakteriol Mikrobiol Hyg A. 1988;270(1-2):35-40. doi: 10.1016/
s0176-6724(88)80139-1. PMID: 3223145. Disponível em: [https://www.sciencedirect.com/science/article/abs/pii/
S0176672488801391?via%3Dihub.] Acesso em: 02 Ago 2023.

58- Soedarmanto I, Lämmler C. Comparative studies on streptococci of serological group G isolated from various origins. 
Zentralbl Veterinarmed B. 1996;43(9):513-23. Doi: 10.1111/j.1439-0450.1996.tb00349.x. PMID: 8976617. Disponível em: 
[https://pubmed.ncbi.nlm.nih.gov/8976617/.] Acesso em: 04 Ago 2023.

https://journal.chestnet.org/article/S0012-3692(16)34819-X/fulltext
https://journal.chestnet.org/article/S0012-3692(16)34819-X/fulltext
https://www.scielo.br/j/mioc/a/yT9zSjHLzC9tbDL5L3cX4Mz/?format=pdf&lang=en
https://www.scielo.br/j/mioc/a/yT9zSjHLzC9tbDL5L3cX4Mz/?format=pdf&lang=en
https://doi.org/10.2460/javma.237.1.74
https://avmajournals.avma.org/view/journals/javma/237/1/javma.237.1.74.xml
https://journals.asm.org/journal/jcm
https://doi.org/10.1128/jcm.02673-14
https://journals.asm.org/doi/epub/10.1128/jcm.02673-14
https://doi.org/10.1086/318520
https://academic.oup.com/cid/article/32/3/e39/284417
https://www.nih.org.pk/wp-content/uploads/2021/02/CLSI-2020.pdf
https://www.nih.org.pk/wp-content/uploads/2021/02/CLSI-2020.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1168562/pdf/1320-04.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC275005/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC414240/pdf/iai00183-0286.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC414240/pdf/iai00183-0286.pdf
https://www.sciencedirect.com/science/article/%20abs/pii/S0034528818349336?via%3Dihub
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC269213/%20pdf/jcm00091-0219.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0176672488801391?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0176672488801391?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/8976617/


 18
International Journal of Health Science ISSN 2764-0159 DOI 10.22533/at.ed.1593722311096

59- Frey J, Kuhn R, Nicolet J. Association of the CAMP phenomenon in Actinobacillus pleuropneumoniae with the RTX 
toxins ApxI, ApxII and ApxIII. FEMS Microbiol. Lett. 1994; 124:245–51. Disponível em: [https://academic.oup.com/femsle/
article/124/2/245/2908279]. Acesso em: 28 Jul 2023.

60- MacLachlan J, Wotherspoon AT, Ansell RO, Brooks CJ. Cholesterol oxidase: sources, physical properties and analytical 
applications. J Steroid Biochem Mol Biol. 2000;72(5):169-95. Doi: 10.1016/s0960-0760(00)00044-3. PMID: 10822008. Disponível 
em: [https://pubmed.ncbi.nlm.nih.gov/10822008/.] Acesso em: 20 Ago 2023.

61- Weingarten JS, Huang DY, Jackman JD Jr. Rhodococcus equi pneumonia. An unusual early manifestation of the acquired 
immunodeficiency syndrome (AIDS). Chest. 1988; 94(1):195-6. Doi: 10.1378/chest.94.1.195. PMID: 3383633. Disponível em: 
[https://pubmed.ncbi.nlm.nih.gov/3383633/]. Acesso em: 20 Ago 2023. 

62- Nordmann P, Nicolas MH, Gutmann L. Penicillin-binding proteins of Rhodococcus equi: potential role in resistance to 
imipenem. Antimicrob Agents Chemother. 1993;37(7):1406-9. Doi: 10.1128/AAC.37.7.1406. PMID: 8363366; PMCID: 
PMC187983. Disponível em: [https://www.ncbi.nlm.nih.gov/pmc/articles/PMC187983/pdf/aac00029-0034.pdf.] Acesso em: 20 
Ago 2023.

63- Esteves P, Mineiro A, Serrado M, Diniz A. Pneumonia por Rhodococcus equi em doente VIH (+): A propósito de uma 
associação rara. Rev Port Pneumol. 2007; 13(5):703-9. Disponível em: [https://www.journalpulmonology.org/en-pneumonia-
por-rhodococcus-equi-em-articulo-S2173511507703640.] Acesso em: 27 jul 2023.

64- Nordmann P, Keller M, Espinasse F, Ronco E. Correlation between antibiotic resistance, phage-like particle presence, and 
virulence in Rhodococcus equi human isolates. J Clin Microbiol. 1994;32(2):377-83. Doi: 10.1128/jcm.32.2.377-383.1994. PMID: 
8150945; PMCID: PMC263039. Disponível em: [https://www.ncbi.nlm.nih.gov/pmc/articles/PMC263039/.] Acesso em: 03 Ago 
2023.

65- Lim KY, Ab Rahman AK, Abdullah FH. An experience of successful treatment of Rhodococcus equi infective endocarditis in 
a non-HIV patient with linezolid. Clin Case Rep Ver. 2017; 3(8):1-3 doi: 10.15761/CCRR.1000358 Disponível em: [https://www.
oatext.com/pdf/CCRR-3-358.pdf.] Acessado em: 02 Ago 2023.

66- Bowersock TL, Salmon SA, Portis ES, Prescott JF, Robison DA, Ford CWet al. MICs of oxazolidinones for Rhodococcus equi 
strains isolated from humans and animals. Antimicrob Agents Chemother. 2000; 44(5):1367-9. doi: 10.1128/AAC.44.5.1367-
1369.2000. PMID: 10770781; PMCID: PMC89874. Disponível em: [https://www.ncbi.nlm.nih.gov/pmc/articles/PMC89874/
pdf/ac001367.pdf.] Acesso em: 04 Ago 2023.

67- Buckley TE, McManamon E, Stanbridge S. Resistance studies of erythromycin and rifampin for Rhodococcus equi over a 10-year 
period. Irish Veterinary Journal. 2007; 60(12): 728-31. Disponível em: [https://www.researchgate.net/publication/297886161_
Resistance_studies_of_erythromycin_and_rifampin_for_Rhodococcus_equi_over_a_10-year_period.] Acesso em: 21 Jul 2023.

68- Muscatello G. Rhodococcus equi pneumonia in the foal--part 1: pathogenesis and epidemiology. Vet J. 2012;192(1):20-6. doi: 
10.1016/j.tvjl.2011.08.014. Epub 2011 Oct 19. PMID: 22015138. Disponível em: [https://pubmed.ncbi.nlm.nih.gov/22015138/.] 
Acessado em: 03 Ago 2023.

69- Cisek AA, Rzewuska M, Witkowski L, Binek M. Antimicrobial resistance in Rhodococcus equi. Acta Biochim Pol. 
2014;61(4):633-8. Epub 2014 Nov 4. PMID: 25371917. Disponível em: [http://www.actabp.pl/pdf/4_2014/633.pdf.] Acesso em: 
23 Jul 2023.

70- Barton MD, Hughes KL. Ecology of Rhodococcus equi. Vet Microbiol. 1984 ;9(1):65-76. Doi: 10.1016/0378-1135(84)90079-8. 
PMID: 6719819. Disponível em: [https://pubmed.ncbi.nlm.nih.gov/6719819/] Acesso em: 13 Jul 2023.

71- Woolcock JB, Mutimer MD. Corynebacterium equi: In Vitro Susceptibility to Twenty-Six Antimicrobial Agents. Antimicrobial 
Agents and Chemotherapy. 1980; 18(6): p.976-7. Disponível em:[https://doi.org/10.1128/aac.18.6.976open_in_new]. Acesso 
em: 27 Ago 2023.

https://academic.oup.com/femsle/article/124/2/245/2908279
https://academic.oup.com/femsle/article/124/2/245/2908279
https://pubmed.ncbi.nlm.nih.gov/10822008/
https://pubmed.ncbi.nlm.nih.gov/3383633/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC187983/pdf/aac00029-0034.pdf
https://www.journalpulmonology.org/en-pneumonia-por-rhodococcus-equi-em-articulo-S2173511507703640
https://www.journalpulmonology.org/en-pneumonia-por-rhodococcus-equi-em-articulo-S2173511507703640
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC263039/
https://www.oatext.com/pdf/CCRR-3-358.pdf
https://www.oatext.com/pdf/CCRR-3-358.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC89874/pdf/ac001367.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC89874/pdf/ac001367.pdf
https://www.researchgate.net/publication/297886161_Resistance_studies_of_erythromycin_and_rifampin_for_Rhodococcus_equi_over_a_10-year_period
https://www.researchgate.net/publication/297886161_Resistance_studies_of_erythromycin_and_rifampin_for_Rhodococcus_equi_over_a_10-year_period
https://pubmed.ncbi.nlm.nih.gov/22015138/
http://www.actabp.pl/pdf/4_2014/633.pdf
https://pubmed.ncbi.nlm.nih.gov/6719819/
https://doi.org/10.1128/aac.18.6.976

