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Background: Actinomycetes widely exist in nature and these species cause infections in

immunocompromised and healthy patients, although they are frequently found as members of

the normal microbiota of humans and animals. These subsequent infections are often misdiag-

nosed as malignancy and tuberculosis. Due to this issue, the present study aimed to determine the

presence and diversity of actinomycetes species causing infections in Iranian patients.

Materials and Methods: A total of 79 clinical samples collected from five hospitals in

Markazi province were analyzed for the existence of actinomycetes using standard protocols

for isolation and characterization of the isolates. The conventional tests were used for

preliminary identification, the PCR amplification of hsp65 gene, the specific region of the

16S rRNA, and sequence analyses of 16S rRNA were applied for the genus and species

identification. MICs of the antimicrobial agent were determined by the broth microdilution

method and interpreted according to the NCCLS guidelines.

Results: A total of 17 (21.51%) actinomycetes isolates were recovered from clinical

samples. In other analyzed samples, eight (10.12%) gram-positive, 12 (15.18) gram-

negative bacteria, and six (7.6) fungi isolates were recovered. The most prevalent actinomy-

cetes species were M. fortuitum (17.64%), N. Mexicana and S. heliomycini (11.76% each),

and 10 species, ie, N. farcinica, M. lehmannii, M. flavescens, Arthrobacter crystalopoetis,

N. neocaledoniensis, M. phocaicum, M. abscessus, M. arupense, M. setense, and

N. cyriacigeorgica made up the single isolates. Results of DST illustrated that all of the

isolates were susceptible to Amikacin, Levofloxacin, Ofloxacin, and Ciprofloxacin, whereas

all of them were resistant to Rifampicin and Doxycycline.

Conclusion: In conclusion, increasing isolation of actinomycetes found in various clinical

cases merits special attention by health authorities in developing countries. In health centers,

action should be taken to increase awareness of appropriate diagnostic criteria and manage-

ment guidelines for actinomycetes diseases. Furthermore, an increase in the number as well

as the quality of national and regional reference laboratories may facilitate more accurate

diagnosis of actinomycetes diseases.
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Introduction
Actinomycetes are the general term for a heterogeneous group of gram-positive

bacteria that grow as anaerobic facultative or aerobic rods with various degrees of

branching.1 Actinomycetes species are widely distributed in nature and are found in
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soil, water, and decaying vegetation,2 and also frequently

found as members of the normal microbiota in open cav-

ities, especially the oropharynx, upper respiratory tract,

gastrointestinal tract, and female genital tract.1

To date, the group actinomycetes comprise over eight

genera and 500 species. Although M. tuberculosis is one of

the most common species, the major genera of the actinomy-

cetes group are the mycobacterium, corynebactenium, nocar-

dioform actinomycetes, actinomyces, and streptomyces.

Among the different species of actinomycetes identified,

only a few lead to diseases such as mycobacterium, n ocardia,

and actinomyces, moreover nowadays several other species

are being increasingly recognized as significant human

pathogens.3,4 These species have been cited as responsible

pathogens for opportunistic infections in immunocompro-

mised patients such as those with neoplastic diseases, diabetic

patients, patients on immunosuppressive therapy, and those

with autoimmune disorders.5,7 However, several recent reports

indicated that nocardia and actinomyces can produce infec-

tions in patients with no preexisting illness, trauma, or immu-

nosuppressive therapy.8,9 The major pathologic appearance of

the disease by these bacteria is a granulomatous inflammatory

reaction, which may progress to abscess formation.8,9

The conventional diagnosis of actinomycetes infections

has been done by a combination of clinical and microbiolo-

gical methods, however they are often non-specific and

require invasive diagnostic biopsy procedures, though isola-

tion and accurate characterization of isolates are difficult.10

Recent advances in microbiological and molecular methods

in disease diagnosis and identification of bacterial isolates

improve the outcomes of infected patients, helping clinicians

and clinical microbiology personnel with the earliest possible

diagnosis; and the evaluation of newer effective drug thera-

pies for these patients.10,11 Due to this issue nowadays for

isolation and identification of actinomycetes species used the

various molecular method such as sequence analysis of

housekeeping gene included 16SrRNA and rpoB gene etc,

DNA–DNA hybridization and direct amplification of speci-

fic gene such as hsp65 and ITS gene.12,14

Despite the abundance of reports in the scientific lit-

erature regarding the isolation of actinomycetes from both

clinical samples and non-hospitalized patients around the

world,15,17 few studies have investigated the isolation and

identification of actinomycetes species in clinical samples

from Iran.18,19

Drug susceptibility testing results among the actino-

mycetes species is very different. For example, some

mycobacterium, nocardia, and other actinomycetes

species are sensitive to macrolides, aminoglycosides,

and tigecycline, while some of them are resistant to this

antibiotic.20,22 Due to this issue, antibiotic susceptibility

testing should be performed In order to determine the

susceptibility of the infectious strains for proper treatment

of patients.

The aim of the current study was to assess the frequency,

diversity, and drug susceptibility testing (DST) of actinomy-

cetes species causing infection in hospitalized and non-

hospitalized patients, by applying molecular and conventional

microbiologic approaches in order to provide a deeper insight

into their role in pathogenesis, nosocomial infections, and

achieve a better diagnosis and effective drug therapies for

infected patients.

Materials and Methods
Sampling and Isolation
From April 2018 to September 2019, there were a total of 79

clinical samples, including 10 sputum samples, 10 pleural

fluid/pus samples, eight dental abscess samples, eight bron-

chial wash samples, 22 wound samples, nine blood samples,

and 12 abscesses were collected from immunocompromised

(patients with underlying disease such as malignancy, diabetes

mellitus, HIV, organ transplantation, inherent immune defi-

ciency, etc.) and immunocompetent patients (patients with no

underlying disease) from five hospitals in Markazi province of

Iran. The sources and clinical details of the isolates were

summarized (Table 1). The sampling and pretreatment were

carried out based on standard methods for isolation and iden-

tification of actinomycetes.19,23 In summary, each sample was

transported at 4°C to the laboratory and processed within

a maximum period of 24 hours. Initially non-sterile samples

such as wound, pus, and sputum processed by NaOH 4% and

HCL 1% and other sterile samples include blood, tracheal

fluid, and pleural fluid condensed with centrifugation in

3,000 ×g, then inoculated in Lowenstein Jensen (LJ) (Merk,

Germany), carbon free broth, blood agar (Merk, Germany),

and Sauton’s media supplemented with antifungal and anti-

bacterial antibiotics [kanamycin, nalidixic, and nystatin acid

(each at 50 μg/mL)] and incubated for 8 weeks at 25, 32, and

37°C.24

This study was approved by the ethics committee of Arak

University of Medical Sciences and Social Welfare

Organization under which the private and public daycare

nurseries or kindergartens are organized and operate (Grant

No. 3005). Any patient’s participant provided an informed

consent on their behalf.
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Conventional Bacterial Identification
The clinical isolateswere identified primarily as actinomycetes

such as mycobacterium, nocardia, and streptomyces by con-

ventional phenotypic and biochemical tests including acid-fast

staining, semi-quantitative, and heat-stable (68°C) catalase

production, tween opacity, nitrate reduction, urease activity,

tellurite reduction, niacin accumulation, growth at 25, 32, 37,

and 42°C, pigment production, resistance to lysozyme, hydro-

lysis of tyrosine, xanthine, and hypoxanthine tests.2,23 The

recognition was further pursued by molecular tests as follows.

Molecular Identification
The method of Pitcher et al25 was used for DNA extraction

with some modifications. In brief, for the lysis of actinomy-

cetes cells, a pretreatment with lipase (2 mg/mL) and sonica-

tion was carried out followed by cell wall disruption with

a high concentrations of lysozyme (200 mg/mL final concen-

tration) and proteinase K (300 mg/mL final concentration) in

the presence of sodium dodecyl sulfate (SDS) and additional

treatment with guanidium isothiocyanate solution. The

extracted DNAwas purified with phenol-chloroform-isoamyl

alcohol (25:24:1, vol/vol/vol) and chloroform-isoamyl alcohol

(24:1, vol/vol) and precipitated with sodium acetate and etha-

nol at 20°C. Precipitated DNA was then washed with 70%

ethanol and resuspended in 200 mL of Milli-Q water.

The isolates identified phenotypically as actinomycetes

were further analyzed in terms of genus and species levels

using a panel of molecular tests that included a genus-

specific PCR based on a 596 bp region of the 16S rRNA

for Nocardia and Streptomyces, as recommended by

Laurent et al,26 and a genus-specific PCR based on a 618-

bp fragment of the 65-kDa heat shock protein for myco-

bacterium, as recommended by Khan and Yadav,27 fol-

lowed by the amplification and direct analysis of almost

complete 16SrRNA sequencing for species identification,

as described by Shojaei et al.28 Sequencing was performed

by the Bioneer Company (South Korea), and the sequence

data received were aligned manually with existing

sequences of actinomycetes retrieved from the GenBank

database and analyzed using the Blast program in

GenBank and the jPhydit program.29

Drug Susceptibility Testing (DST)
To perform DST for clinical actinomycetes isolates, we

selected amikacin, ciprofloxacin, cefoxitin, rifampicin,

doxycycline, Imipenem, linezolid, and streptomycin

based on Clinical & Laboratory Standards Institute

(CLSI) 2017.30 The stock solutions of each agent were

prepared by dissolving pure powder of individual drugs in

sterile distilled water or another suitable solvent. All iso-

lates were subcultured in Sauton’s media with 0.5% Tween

80 and subsequently incubated at 37°C for 7 days. For

each isolate, a suspension in broth was prepared from

isolates grown in agar medium and the inoculum was

standardized for susceptibility testing to a turbidity equiva-

lent to a 0.5 McFarland standard. Suspensions were then

diluted and inoculated into 96-well microtiter plates.

Minimum inhibitory concentrations (MICs) of the antimi-

crobial agents were determined by the broth microdilution

method and interpreted based on the guidelines established

by the NCCLS.31 Microdilution plates were prepared manu-

ally for each antibiotic. Serial double dilutions of antimicrobial

agents were prepared ranging from 0.06–512 mg/L, added to

Mueller–Hinton broth plus 10% tween 80, and then 0.1 mL

was dispensed into the wells of microdilution plates.

Following inoculation, all cultures were incubated at 37°

C. Growth was examined up to 7 days. The MIC was defined

as the lowest concentration of the antibiotic that inhibited

bacterial growth. Susceptible and resistant breakpoints were

defined according to the NCCLS recommendations.31 Quality

control of MICs was performed by testing NCCLS recom-

mended reference strains, including Staphylococcus aureus

ATCC 29213, Enterococcus faecalis ATCC 29212, and

Mycobacterium peregrinum ATCC 700686.

Nucleotide Sequence Accession

Numbers
The GenBank accession numbers for the 16S rRNA sequen-

cing of clinical isolates of Iranian actinomycetes determined in

this study are; N. farcinica MK478806, M. lehmannii MK

478802, M. flavescens MK478804, M. fortuitum MK478942,

N. mexicana MK478947, S. heliomycini MK478949,

A. crystalopoetis MK483330, N. neocaledoniensis MK483

335, M. phocaicum MK483337, M. arupense MK493

306, M. setense KF019693, and N. cyriacigeorgica MF43

7315.

Result
In this study of the 79 patients referred to our laboratory, 32

(40.5%) were female and 47 (59.5%) were male, 18 (22.78%)

were between the ages of 30 and 40 years, 16 (20.25%) were

between the ages of 50 and 60 years, 14 (17.72%) were

between the ages of 40 and 50 years, 12 (15.2%) were over

the age of 70 years, 10 (12.65%) were between the ages of 20
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and 30 years, five (6.32%) were between the ages of 60 and 70

years, and four (5%)were between the ages of 10 and 20 years.

Forty-five patients were found to have various immunosup-

pressive syndromes, includingmalignancy (14 cases), diabetes

mellitus (10 cases), HIV infection (5 cases), chronic obstruc-

tive pulmonary diseases (6 cases), hepatitis (6 cases), and

autoimmune diseases (4 case), while the remainder of the

patients had no apparent history of immune disorder.

In the present study, a total of 17 (21.51%) actinomycetes

isolates were recovered from 79 clinical samples collected

from immunocompromised and immunocompetent patients

from Markazi province hospitals. Among all actinomycetes

isolates, a total of 14 isolates were recovered from immuno-

compromised patients and three isolates were recovered from

immunocompetent patients. In other analyzed samples, eight

(10.12%) gram-positive, 12 (15.18%) gram-negative bac-

teria, and six (7.6%) fungi isolates were recovered. Of the

total isolates, five isolates were from an abscess, four from

a wound, three from a bronchial wash, two from a dental

abscess and blood of each, and one isolate was from sputum.

On the basis of morphological, culture, and biochemical

properties, and the genus specific marker, ie, presence of

a 596 bp fragment of the 16S rRNA and a 618-bp fragment

of the hsp65, all 17 isolates were identified as actinomycetes

(nocardia, Streptomyces, and mycobacterium), of which nine

isolates were identified as mycobacterium, five isolates were

identified as Nocardia, two isolates were identified as

Streptomyces, and one isolate was identified as Arthrobacter.

16S rRNA gene sequences’ analysis of the isolates

revealed that all isolates had nucleotide signatures of acti-

nomycetes, at positions 70–98 (U-A), 139–224 (G-C), 843

(C), 1008–1021 (C-G), 1189 (C), 1244–129 (C-G), and

1308–1329 (C-G) for mycobacterium and at positions

70–98 (A-T), 293–304 (G-T), 307 (C), 328 (T), 614–626

(A-T), 631(G), 661–744 (G-C), 824e876 (T-A), 825–875

(A-T), 843 (C), and 1122–1151 (A-T) for Nocardia and

Streptomyces.32

The most prevalent actinomycetes species isolated

from Iranian clinical samples were M. fortuitum (3 iso-

lates, 17.64%), N. Mexicana and Streptomyces heliomy-

cini (2 isolates, 11.76%) each and 10 species, ie,

N. farcinica, M. lehmannii, M. flavescens, Arthrobacter

crystalopoetis,

N.neocaledoniensis,M.phocaicum,M.abscessus,M.arupen-

se, M. setense, and N. cyriacigeorgica, made up the

single isolates. The almost complete 16S rRNA gene

sequences obtained for the species’ accurate identification

of clinical isolates showed that all isolates had 100%

similarity with the nearest standard type strain of

actinomycetes.

The phylogenic relationship between our isolates and

the validated actinomycetes species was supported by

a phylogenetic tree of 16S rRNA and by the high bootstrap

value obtained using the neighbor-joining method with

arithmetic mean using the matrix of pairwise differences

(Figure 1).

Drug Susceptibility Pattern
Table 2 shows that the MIC of the tested isolates and the

interpretation of activity of 10 antimicrobial agents against

the 17 actinomycetes isolates. MIC lowest rates of anti-

microbial agents against tested isolates belonged to

Levofloxacin, Ofloxacin, and Ciprofloxacin, respectively,

with a MIC rate of 0.25–2 µg/mL and the highest rates of

MIC of antimicrobial agents belonged to Doxycycline and

Isoniazid with MIC rate 4 (Table 2).

Actinomycetes isolates recovered from immunocom-

promised patients had a higher MIC rate to Rifampicin,

Doxycycline, Streptomycin, and Imipenem; however they

had a low MIC rate to Ciprofloxacin, Ofloxacin, and

Cefoxitin. Actinomycetes isolates recovered from immu-

nocompetent patients had a higher MIC rate to Amikacin,

Doxycycline, and Cefoxitin, but also had a low MIC rate

to Streptomycin, Levofloxacin, and Kanamycin.

Discussion
Many species of actinomycetes such as nocardia, myco-

bacterium, and ie, are increasingly being recognized as

important human pathogens in both immunocompetent

and immunocompromised patients.17,33,34 The clinical pre-

sentation and severity of disease and the prognosis in an

infected patient are extremely variable and may be deter-

mined by several factors such as the route of infection and

the functioning level of the immune system.5,35 Likewise,

accurate identification and DST of actinomycetes clinical

isolates is a significant decision support tool which may

help clinicians in order to select more appropriate therapy

and, thus, improve the management and outcomes of some

important actinomycetes diseases.

In low-income countries like Iran, where the microbio-

logical diagnosis of infection agents relies mostly on

microscopy, and also where access to culture and drug

susceptibility testing is virtually non-existent, a clinician

may neglect to consider the possibility that infections

found in patients.28,36 Isolation and identification of acti-

nomycetes species from clinical samples can often require
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Figure 1 16SrRNA sequence based phylogenetic tree for Iranian actinomycetes isolates and nearest validated species of actinomycetes by using the neighbor-joining

method. The figures at each node represent bootstrapping values. The tree was rooted with Gordonia terrae.
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specific preparatory procedures, while extensive microbial

identification of this group of bacteria comprises

a minimum of 10 phenotypic tests used to identify the

entire spectrum of actinomycetes. These tests are difficult

to interpret and generally lead to inconclusive results.36

Consequently, attempts to isolate and identify actinomy-

cetes species by conventional phenotypic tests alone may

result in erroneous or incomplete identification if

a sufficient number of discriminative tests are not

available.5 However, in response to the need for a more

rapid and accurate identification of clinically relevant acti-

nomycetes, appropriate use of molecular tests, in conjunc-

tion with the key phenotypic tests, has shown significant

promise.28,36 Increasing recovery of actinomycetes species

from environmental and clinical sources in different parts

of the world17,37,39 prompted us to design the present study

to determine the extent of the actinomycetes diversity in

clinical samples of Markazi province of Iran. We envi-

saged that optimization of methods in isolation and accu-

rate characterization of actinomycetes species from

clinical samples by application of conventional microbio-

logic and molecular approaches is a key step towards the

description of the emerging infections that they cause but

are often ignored or missed.

In the current study, we isolated and characterized 17

(21.51%) actinomycetes species from 79 clinical samples

collected from five educational hospitals. The actinomy-

cetes species recovered from clinical samples in our stu-

dies included nine mycobacterial species,

including M. fortuitum, M. phocaicum, M. lehmannii, M. -

abscessus, M. arupense, and M. setense, four nocardia

species, N. Mexicana, N. farcinica, N. neocaledoniensis,

and N. cyriacigeorgica, two Streptomyces heliomycini, and

one Arthrobacter crystalopoetis. However, there are no

comprehensive reports about isolation of actinomycetes

from clinical samples. The results of this study compared

with other reports showed that the M. fortuitum,

N. farcinica, and N. cyriacigeorgica are the most common

actinomycetes species isolated from the clinical samples in

Iran and various parts of the world.28,40,41 In the current

study we reported the first isolation of M. lehmannii,

N. neocaledoniensis, S. heliomycini, and A. crystalopoetis

from clinical samples.

In our study M. fortuitum was the most encountered

actinomycete, including three isolates (17.64%). This

organism is a rapidly growing mycobacteria initially iso-

lated and characterized in 1938 from a stomach lavage

specimen.42 These findings are in accordance with anotherT
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report from various parts of the world, which showed

the M. fortuitum is one of the most common actinomycetes

species isolated from clinical samples.35 In the current

study, M. fortuitum was isolated from lung secretion,

abscess, and wound of cancerous patients.

N. Mexicana and S. heliomycini ranked second, which

included 11.76% of the isolates. Based on literature,

N. mexicana is a human opportunistic pathogen isolated

from various clinical samples including bronchial secre-

tions, mycetoma, and cutaneous botryomycosis, pulmon-

ary, and cerebral abscess in humans and tenosynovitis and

arthritis in animals.43,45 In the present study N. mexicana

was isolated from a breast wound in immunocompetent

patients. S. heliomycini is an antibiotics producer of bac-

teria that was first isolated and characterized in 1958 from

soil.46 Based on the literature, there are no reports about

isolation of S. heliomycini from clinical samples, never-

theless in the present study we reported the first isolation

and characterization of S. heliomycini from a breast

abscess of cancerous patient and a foot wound of diabetic

patients.

In this study, ten species, ie, N. cyriacigeorgica, N.

neocaledoniensis, N. farcinica, M. lehmannii, M. flaves-

cens, A. crystalopoetis, M. phocaicum, M. abscessus, M.

arupense, and M. setense consisted of the single isolates

recovered from immunocompromised patients.

N. cyriacigeorgica is a human opportunistic pathogen

that was first isolated from the bronchial secretions of

a patient with chronic bronchitis in 2001.47 In our study,

this organism was isolated from a brain abscess of

a malignancy patient. N. farcinica is one of the first histori-

cally identified Nocardia species and has been the most

commonly reported isolate from clinical and environmental

samples worldwide.48,49 In the current study, N. farcinica

was isolated from the breast abscess of a cancerous patient.

In this studyM. setense, M. abscessus, M. phocaicum, M.

flavescens, and M. arupense were recovered from foot

wounds of immunocompetent patients, skin abscesses of

organ recipient patients, foot wounds of diabetic patients,

wounds of malignancy patients, and dental abscesses of malig-

nancy patients, respectively. These mycobacteria are rare

emerging organisms originally isolated from clinical

specimens.50 Our study reports the first isolation of this organ-

ism from clinical samples in Iran.

In the present study N. neocaledoniensis, M. lehmannii,

and A. crystalopoetis were recovered from surgery

wounds of immunocompetent patients, abscesses of

AIDS patients, and foot wounds of diabetic patients,

respectively. These organisms were originally isolated

from environmental resources of actinomycetes and there

were no reports on the isolation of these bacteria from

clinical samples.51,53 Here, we reported the first isolation

and characterization of N. neocaledoniensis, M. lehmannii,

and A. crystalopoetis from clinical specimens.

DST of actinomycetes clinical isolates may be even

more critical in our region due to use of a traditional

method for identification, leading to misdiagnosis with

tuberculosis, mycetoma, mycosis, etc.28,54 In developing

countries, for example, all smear positive patients are

automatically given first line anti-TB agents, and the

majority of NTM diseases in Iran are resistant to this

treatment regimen.19,55 Likewise, DST of actinomycetes

clinical isolates is an important decision tool which may

help clinicians in order to select a suitable and efficient

therapy and, thus, improve the management and outcomes

of some actinomycetes diseases. Due to this issue in the

present study DST for all actinomycetes isolates were

done by applying the broth microdilution methods.

According to an antimicrobial susceptibility test of actino-

mycetes, clinical isolates N. neocaledoniensis and

N. mexicana had low resistance, whiles S. heliomycini and

N. cyriacigeorgica had a high resistance profile to our selected

antibiotics. All of the isolates were susceptible to Amikacin,

Levofloxacin, Ofloxacin, and Ciprofloxacin, whereas all of

them were resistant to Rifampicin and Doxycycline.

Conclusion
In conclusion, increasing isolation of actinomycetes found in

various clinical cases of healthy and immunocompromised

patients and the high diversity of species of isolated actino-

mycetes merit special attention by health authorities, micro-

biologists, and clinicians in developing countries. In health

centers, action should be taken to increase awareness of appro-

priate diagnostic criteria and management guidelines for acti-

nomycetes diseases. Furthermore, an increase in the number as

well as the quality of national and regional reference labora-

tories may cause more accurate diagnosis of actinomycetes

diseases. Although the role of in vitro DST in the treatment of

the majority of actinomycetes species has not been evaluated,

it may play an essential role in the management of patients

suffering from actinomycetes-related disease.
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