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Abstract Gordonia spp. are members of the actinomycete
family, and the environment, especially soil, is the natural
habitat of this genus of bacteria. Gordonia spp. are important
for two aspects: first, some Gordonia species cause a broad
spectrum of diseases in healthy and immunocompromised in-
dividuals; second, these bacteria are capable of producing
useful secondary metabolites, which may be used in various
industries; therefore, discrimination of the genus Gordonia
from other genera in the actinomycete family is important.
Phenotypic and molecular techniques are necessary for accu-
rate identification of Gordonia at the species level.

Introduction

General characteristics and relationships with other
aerobic actinomycetes

The genusGordonia is a gram-positive, aerobic, catalase-pos-
itive, partially acid-fast, and non-motile bacterium (Vidal et al.
2014). This genus of bacteria belongs to the class
Actinobacteria , order Actinomycetales , suborder
Corynebacterineae, and the family Gordoniacea. In 1997,
the genera Corynebacterium, Dietzia, Rhodococcus,
Gordonia, Williamsia, Millisia, Mycobacterium, Nocardia,

Skermania , Smaragdicoccus , Tsukamurel la , and
S e g n i l i p a r u s we r e a dm i t t e d t o t h e s u b o r d e r
Corynebacterineae (Arenskötter et al. 2004; Kageyama et al.
2006; Drzyzga 2012). The results of phenotypic tests in
Gordonia spp. include the following: arylsulfatase-negative,
weakly acid-fast bacilli, non-motile, short rods or circular,
sensitive to lysozyme, and G + C ratio from 63–69%. Some
Gordonia species produce pigmented colonies with colors of
orange to orange-red and shiny surfaces (Kummer et al. 1999;
Goodfellow et al. 2012). Gordonia sputi colonies are smooth,
mucoid, and sticky on the medium, whereas Gordonia
bronchialis colonies are large and dry. Some strains, such as
Gordonia alkanivorans DSM 44369T and Gordonia
westfalica DSM 44215T, produce both types of smooth and
rough colonies (Arenskötter et al. 2004). In the genus
Gordonia, the urease test is positive and does not produce
aerial hyphae, except for Gordonia amarae and Gordonia
defluvii (Lesens et al. 2000; Shen et al. 2006; Soddell et al.
2006; Goodfellow et al. 2012).

History

In 1971, Tsukamura et al. identified using biochemical tests
the genus Gordona as a new genus of bacteria that was isolat-
ed from sputum or soil. Initially, this organism was placed in
the genus Rhodococcus due to the similarities in biochemical
test results obtained. The genus Gordona was again identified
by Stackebrandt et al. in 1988 by molecular analysis of the
16S ribosomal RNA (rRNA) gene. Stackebrandt et al.
renamed Gordona to Gordonia to honor an American micro-
biologist called Ruth E. Gordon in 1997 (Stackebrandt et al.
1988; Stackebrandt et al. 1997; Arenskötter et al. 2004;
Franzetti 2007). Recently, 38 species have been identified in
the genus Gordonia (http://www.bacterio.net/gordonia.html).
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Isolation and identification of Gordonia spp.

Isolation methods

The use of enrichment media is an efficient technique for the
isolation of the genus Gordonia. Enriched medium is the spe-
cific medium designed to grow fastidious organisms, which
have unusual requirements for growth. For example, an en-
richment culture using varying high-salt concentrations pro-
vides conditions for the isolation of Gordonia. The halophilic
species thrive on the salty media, while other organisms do not
have the ability to grow. Gordonia strains are isolated by this
culture. Gordonia use different complex carbon sources, such
as hexadecane, which provide a starting point and selective
media for the isolation of Gordonia. Gordonia species can
grow in complex medium up to 6% (w/v) NaCl and under
aerobic conditions at 28 °C. This bacterium is able to grow
at 13–40 °C. Investigations have shown that the optimal tem-
perature for the growth of Gordonia species is 28 °C and the
optimal NaCl concentration is 2–4% (w/v) (see Table 1)
(Kummer et al. 1999).

Identification (phenotypic and molecular methods)

Phenotypic method (morphology and biochemical charac-
terizations) The phenotypic and biochemical tests for the dis-
crimination of the genus Gordonia from other aerobic actino-
mycetes include the following: partially acid-fast staining,
evaluation of aerial hyphae and the sensitivity or resistance
to lysozyme, urea hydrolysis, and the production of nitrate
reductase (Kummer et al. 1999). The growth of Gordonia on
different concentrations of sodium chloride, at different tem-
peratures, and the use of carbohydrates and amino acids are
one of the best methods for the isolation and identification of
the genus Gordonia (Kummer et al. 1999; Iida et al. 2005;
Kageyama et al. 2006; Goodfellow et al. 2012). The identifi-
cation of aerobic actinomycetes, such as Gordonia,
Rhodococcus, and Nocardia, from clinical samples has
remained a significant challenge leading to misclassification
(Lai et al. 2010; Drzyzga 2012). There are some features of
Gordonia that cause difficulties in identifying them to the
genus and species level. The second factor, the similarity of
phenotypic test results betweenGordonia and other medically
important gram-positives, such as Rhodococcus or Nocardia
and sometimes Corynebacterium, can be a cause of mis-
identification; therefore, the phenotypic tests are of low
accuracy and often unreliable. Moreover, the slow
growth of these bacteria may inhibit the effect of anti-
microbial agents and they can also be lost from clinical
samples due to the incubation time of less than 72 h in
the medical laboratory (Sng et al. 2004; Werno et al.
2005; Blanc et al. 2007; Brust et al. 2009).

Molecular methods Various molecular methods, such as 16S
rRNA gene sequencing (8FLP, 5′-AGAGTTTGATCCTG
GCTCAG-3 ′), (1492RPL, 5 ′-GGTTACCTTGTTAC
GACTT-3′), PCR-RFLP of the hsp65 gene (TB11, 5′-ACCA
ACGATGGTGTGTCCAT-3 ′) and (TB12, 5 ′-CTTG
TCGAACCGCATACCCT-3′), use of restriction enzymes
(such asMspI andHinfI) (Lai et al. 2010), gyrB gene sequenc-
ing (F, 5′-ATGGCCTTCCTCAACAAGGG-3′ and R, 5′-
GTTCCACTGCATCGCGATCT-3′), and DNA-DNA hybrid-
ization, have been used for accurate identification to the spe-
cies level specially for novel species identification (Steingrube
et al. 1997; Sng et al. 2004; Kageyama et al. 2006; Jannat-
Khah et al. 2009; Lai et al. 2010). Almost allGordonia species
can be identified by 16S rRNA gene sequence determination.
Carbon chain lengths of the mycolic acid and menaquinone
type are other methods for the discrimination of Gordonia
from other similar bacteria such as Corynebacterium,
Rhodococcus, and Tsukamurella (Linos et al. 1999). A refer-
ence laboratory is required for the species-level identification
of clinical isolates because not all laboratories have the equip-
ment and skillful specialists to perform these procedures
(Brust et al. 2009).

Clinical features of Gordonia spp.

Gordonia spp. are responsible for a wide range of diseases in
healthy and immune disorder-diseased individuals (Lai et al.
2010). This bacterium is a soil saprophyte isolated from the
intestinal contents of mammals (Gil-Sande et al. 2006).
Members of the genus Gordonia are transferred through aero-
sols from environmental sources to the respiratory tract.
Therefore, the lungs are the primary site of infection.
Immunocompromised and immunosuppressive diseases, such
as farmer’s lung disease, Hodgkin’s disease, and surgery as-
sociated with coronary artery disease, are risk factors for
Gordonia infections, and the disease can spread to other or-
gans, including the central nervous system, cardiac infection,
and inflammation of the outer ear, otitis, arthritis, and bacter-
emia. G. sputi, G. bronchialis, and Gordonia terrae are major
pathogens in the Gordonia species (Herath et al. 2000).
G. sputi and G. terrae were isolated from blood, soft tissue,
ocular keratitis and keratoconjunctivitis, brain abscesses
(Drancourt et al. 1994, 1997), granulomatous mastitis
(Zardawi et al. 2004), metatarsal osteomyelitis disease
(Nawaz et al. 2010), and skin infections with lymphadenitis
(Lesens et al. 2000). G. sputi plays an important role in pri-
mary cutaneous and systemic infections in healthy individuals
and disorders of the immune system, respectively. Clinical
signs of gordonial systemic infections are similar to those of
nocardiosis (Blanc et al. 2007). Kuwabara et al. reported
G. sputi as a cause of mediastinitis after coronary heart bypass
surgery in 1999. Richet et al. reported sternal wound infection
with G. bronchialis in 1991 (Kuwabara et al. 1999). Isolation
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of this bacterium from sternal wounds is difficult because it is
mixed with other microorganisms. As well, Haemophilus
aphrophilus inhibits the growth of G. bronchialis in the labo-
ratory (Richet et al. 1991; Sng et al. 2004; Nguyen et al. 2014).
Gordonia polyisoprenivorans is a cause of bloodstream infec-
tions. Multiple factors, such as the use of a long-term catheter,
may provide conditions for bloodstream infections created by
G. polyisoprenivorans in immunocompromised patients
(Kempf et al. 2004; Verma et al. 2006; Gupta et al. 2010;
Moser et al. 2012). Additionally, infections occur such as en-
docarditis, pleural infection, and abscesses in the paravertebral
and breast by G. sputi, G. polyisoprenivorans, G. bronchialis,
andG. bronchialis, respectively (Lesens et al. 2000; Sng et al.
2004; Werno et al. 2005; Verma et al. 2006; Vidal 2014).
Cutaneous infection by Gordonia amicalis was reported in
trauma and injury (Lai et al. 2012). In 2009, the first case of
Gordonia araii reported in healthy individuals was isolated
from a medical device (Jannat-Khah et al. 2009). The associ-
ation betweenGordonia species and clinical diseases is shown
in Table 2.

Pathogenesis and virulence factors

The genusGordonia is an opportunistic pathogen and is able to
produce certain secondary metabolites and can also consume
complex carbon sources. Some species of Gordonia can be
attached and colonized to the appropriate surface by biofilm
formation. Immunocompromised patients cannot defend them-
selves against this infectious agent, and it may be the leading
cause of bacteremia. For example, G. polyisoprenivorans pro-
duces biosurfactants and these compounds help to form biofilm
onto the catheter (Kempf et al. 2004; Verma et al. 2006; Gupta
et al. 2010; Moser et al. 2012). Biofilm causes decreased pen-
etration of various antibiotic agents, which leads to antibiotic
resistance (Werno et al. 2005).

Cell wall structure of Gordonia

The cell wall inGordonia spp. is composed of a chemotype IV
structure. Ingredients in the cell wall of the genus Gordonia
include meso-diaminopimelic acid, arabinose, galactose, and
N-glycosylated muramic acid, which are part of peptidoglycan
(Takeuchi and Hatano 1998). The carbon chain in mycolic acid
has 40–66 carbons (Nishiuchi et al. 2000). Types of fatty acids
in cell wall structures include tuberculostearic acid, saturated
fatty acids, and unsaturated fatty acids (Linos et al. 1999).

Association with infections in human

Susceptibility and therapeutic approaches

Previous studies have shown that 89% of pathogenic
Gordonia species are sensitive to vancomycin (Ma et al.T

ab
le
1

(c
on
tin

ue
d)

S
pe
ci
es

O
pt
im

um
te
m
pe
ra
tu
re

(°
C
)

N
aC

lc
on
ce
nt
ra
tio

n
(%

)
C
ar
bo
n
ut
ili
za
tio

n
E
nz
ym

es

G
lu

A
ra

X
yl

In
o

M
an

R
ha

R
af

C
el

N
it

P
yr

Pa
l

α
-G

lu
U
re

G
el

C
it

A
rg

L
ys

O
dc

V
p

G
.n
iti
da

30
–3
7

+
−

−
−

+
+

G
.p
ho
sp
ho
ri
vo
ra
ns

+
w

−
−

−
−

−
−

−
G
.p
ol
yi
so
pr
en
iv
or
an
s

28
–3
5

+
+

+

G
.r
ub
ri
pe
rt
in
ct
a

−
−

+
−

+
+

G
.s
ha
nd
on
ge
ns
is

20
–3
7

+
−

+
+

−
G
.s
in
es
ed
is

37
−

−
±

+
:p

os
iti
ve
,−

:n
eg
at
iv
e,
w
:w

ea
k

G
lu
gl
uc
os
e,
A
ra

ar
ab
in
os
e,
X
yl
xy
lo
se
,I
no

in
os
ito

l,
M
an

m
an
no
se
,R

ha
rh
am

no
se
,R

af
ra
ff
in
os
e,
C
el
ce
llo

bi
os
e,
N
it
ni
tr
at
e,
P
yr

py
rr
ol
id
on
yl
ar
yl
am

id
as
e,
P
al
ph
en
yl
al
an
in
e
am

m
on
ia
ly
as
e,
α
-G

lu
al
ph
a-

gl
uc
os
id
as
e,
U
re

ur
ea
se
,G

el
ge
la
tin

as
e,
C
it
ci
tr
at
as
e,
A
rg

ar
gi
na
se
,L

ys
ly
si
ne

sy
nt
he
ta
se
,O

dc
or
ni
th
in
e
de
ca
rb
ox
yl
as
e,
V
p
V
og
es
-P
ro
sk
au
er

248 Folia Microbiol (2017) 62:245–252



2014). In 2012, the antibiotic susceptibility profile of this mi-
croorganism showed that 57% were resistant to trimethoprim-
sulfamethoxazole (Moser et al. 2012). Gordonial infections
may bemisdiagnosed as nocardiosis due to the low prevalence
of Gordonia infections and similar clinical manifestations,
which is significant and may lead to treatment failure.
Methods that have been used for the determination of the
antimicrobial susceptibility testing of pathogenic Gordonia
species include the broth microdilution method, E-test
(Pham et al. 2003; Kofteridis et al. 2011), and disk diffusion
method (Lesens et al. 2000). The antibiotic susceptibility of
Gordonia is similar to that of Rhodococcus. However, al-
though vancomycin is used for the treatment of
Rhodococcus infections, previous studies have shown that
11% of Gordonia isolates were resistant to vancomycin.
Therefore, antibiotic susceptibility testing for any isolate is
necessary and important (Renvoise et al. 2009). Catheter re-
moval is recommended for the treatment of gordonial infec-
tions in children (Ma et al. 2014). There are no standardized
suggestions for the treatment of these infectious diseases. The
literature has shown that Gordonia spp., unlike some other

actinomycetes, such as Rhodococcus spp., are usually suscep-
tible to numerous antimicrobial drugs (Johnson et al. 2011).
Previous studies have suggested the combination of penicillin
and an aminoglycoside as the appropriate treatment for
Gordonia bacteremia. Carbapenem or fluoroquinolones can
also be used in combination with an aminoglycoside (Pham
et al. 2003; Iida et al. 2005; Gil-Sande et al. 2006; Blaschke
et al. 2007; Renvoise et al. 2009; Johnson et al. 2011;Ma et al.
2014). Antibiotic resistance to common antibiotics for the treat-
ment of opportunistic bacteria, such as G. polyisoprenivorans,
has been reported (Kempf et al. 2004; Verma et al. 2006; Gupta
et al. 2010; Moser et al. 2012). Aoyama et al. reported
trimethoprim-sulfamethoxazole and some of aminoglycoside
agents were effective on some of Gordonia species and they
were resistant to fosfomycin (Aoyama et al. 2009).

Biotechnological/commercial potential catabolic products

Catabolism is the spontaneous process by which organisms
utilize complex carbon sources and generate energy. Some

Table 2 Association between Gordonia species isolated from human
and clinical diseases (Richet et al. 1991; Pham et al. 2003; Kempf et al.
2004; Sng et al. 2004; Iida et al. 2005; Werno et al. 2005; Gil-Sande et al.
2006; Kageyama et al. 2006; Verma et al. 2006; Aoyama et al. 2009;

Jannat-Khah et al. 2009; Renvoise et al. 2009; Nawaz et al. 2010;
Johnson et al. 2011; Kofteridis et al. 2011; Lai et al. 2012; Ramanan
et al. 2013)

Species Commonly associated disease Underlying disease

Primary
skin

Pulmonary Presence of bacteria in the
blood

Reference (s)

G. sputi + + Kofteridis et al. (2011) Breast cancer

+ Renvoise et al. (2009) Mediastinitis (after coronary artery
bypass grafting (CABG))

G. bronchialis + + Werno et al. (2005) Breast abscess (immunocompetent)

Sng et al. (2004) Sequestrated lung

+ + + Richet et al. (1991) Sternal wound infection (after CABG)

Johnson et al. (2011) Pleural infection

G. terrae + + Gil-Sande et al. (2006) Acute cholecystitis

+ Pham et al. (2003) Leukemia or solid tumor

Nawaz et al. (2010) Immunocompetent (metatarsal
osteomyelitis)

G. polyisoprenivorans + Verma et al. (2006) Native valve endocarditis

+ Kempf et al. (2004) Bone marrow transplantation

G. amicalis + Lai et al. (2012) After cutaneous infection

G. araii + Kageyama et al. (2006) Bacterial pneumonia

Jannat-Khah et al.
(2009)

Orthopedic device

G. effusa + Kageyama et al. (2006) Kidney dysfunction

G. otitidis + + Iida et al. (2005) External otitis

Ramanan et al. (2013) Acute monoblastic leukemia

G. aichiensis + Aoyama et al. (2009) Pulmonary infection

Plus (+) is positive

Folia Microbiol (2017) 62:245–252 249



Gordonia species are capable of decomposing various aromat-
ic hydrocarbons and the use of these compounds as a carbon
source for growth. These hydrocarbons include polycyclic
aromatic hydrocarbons, the xenobiotics, the alkyl pyridines,
the phthalates, and naphthalene. They are very dangerous and
carcinogenic compounds that have been achieved with chem-
ical interactions (Drzyzga 2012). These valuable phenotypic
features of some Gordonia spp. can be transferred to other
nonpathogenic microorganisms by genetic transformation, a
useful property in the biotechnology industry (Arenskötter
et al. 2004).

Anabolic compounds

Anabolism is the process by which organisms utilize the en-
ergy produced by catabolism to synthesize complex materials.
These bacteria produce various anabolic compounds, includ-
ing bendigoles, L-lysine, ethyl acetate, biosurfactants, caroten-
oids, imidazol-2-yl amino acids, and gordonan, which are
useful in many applications (Arenskötter et al. 2004).

Bendigoles

Bendigoles are the first secondary metabolites produced by the
genus Gordonia. They have been identified from the cultures
extracted from Gordonia australis, which can produce three
types of bendigoles (A, B, and C). The A and B types are only
able to bind to the receptors of androgenic hormones, and the C
type is able to bind to the receptors of progesterone and the
androgen hormones. A, B, and C types cannot bind to estrogen
or mineralocorticoid receptors (Schneider et al. 2008).

Biosurfactants

Biosurfactants are surface-active compounds that are produced
in two forms: extracellular and cell-bound. Biosurfactants have
a variety of chemical structures, including glycolipids, fatty
acids, phospholipids, lipopeptides, lipoproteins, and the poly-
meric specific structures. Biosurfactants have strong antimicro-
bial properties, environmental pollution degradation capabili-
ties, and anti-adhesive activity against pathogenic bacteria, in-
dicating that this role of the bacteria may help to treat bacterial
diseases. Biosurfactants are also able to decrease the biofilm
produced by pathogenic bacteria such as Salmonella
typhimurium, Salmonella enterica, Escherichia coli, and
Proteus mirabilis. The antimicrobial properties of
biosurfactants produced by Bacillus cereus have been investi-
gated in other bacteria, but unfortunately, no study has been
performed on the biosurfactants generated by Gordonia spp.
(Singh and Cameotra 2004; Mukherjee et al. 2006).

Pigment production

Gordonia jacobaea grows on blood agar after 3–7 days. It
produces colonies with brown, pink, orange, and red colors.
Chromatic colonies are created by pigment production in this
species of bacterium. G. jacobaea can produce carotenoid
pigments. Canthaxanthins are a type of pigment that are used
in the food and cosmetic industries (Arenskötter et al. 2004;
Veiga-Crespo et al. 2010).

Other metabolites

Some Gordonia species have the ability to oxidize alkanes to
produce these compounds. These compounds act as antihista-
mines that compete with the histamine receptors (H1, H2, and
H3). Imidazol-2-yl amino acids, due to their distinctive prop-
erties, may be used in the pharmaceutical industry for the
treatment of allergic and insomnia diseases in the future
(Mikolasch et al. 2003; Drzyzga 2012). Gordonans are poly-
saccharide compounds with high specificity that are produced
by Gordonia. Fortunately, they may be used as indicators to
identify Gordonia strains in the future. Also, Gordonan can
form sessile communities due to induction of the cell aggre-
gation properties of polysaccharides. They are effective in the
stabilization and infection process in the host (Kondo et al.
2000). Therefore, Gordonan may be considered as a cause of
treatment failure (Werno et al. 2005).

Conclusion

We can conclude that the identification of Gordonia is impor-
tant, because the genus Gordonia is the opportunistic patho-
gen that causes diseases in the lung and skin and, in severe
cases, can lead to bacteremia. Cooperation between doctors
and microbiologists is essential for the rapid isolation of this
genus of bacteria from other similar genera and is recommend-
ed for long-term treatment, timely use, and combinations of
antibiotics (Ma et al. 2014). The identification of these bacte-
ria is difficult using phenotypic methods (Kondo et al. 2000).
Molecular methods are important for the accurate identifica-
tion of Gordonia species for appropriate treatment
(Arenskötter et al. 2004). Most Gordonia species are capable
of decomposing xenobiotics and other environmental pollut-
ants. They can also produce the valuable secondary metabo-
lites mentioned above. In this respect, this genus of bacteria
has many applications in the medical, pharmaceutical, envi-
ronmental, and biotechnological industries, which is encour-
aging to researchers. Cooperation and teamwork for research
projects at universities of medical sciences and basic sciences,
such as biotechnology, are needed for a better understanding
and to demonstrate the instrumental importance of this genus
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of bacteria. We propose to study all aspects and hope to
achieve practical success in the future.
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