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Background: Actinomadura geliboluensis was first isolated in 2012 in Gelibolu, Canakkale, Turkey, and has not been reported to be
isolated from humans until now. We have isolated it from the bronchoalveolar lavage fluid (BLF) of a patient with pneumonia and
found its drug resistance. It is the first time that Actinomadura geliboluensis has been isolated from humans since its discovery and
naming. This case may provide new ideas and methods for the clinical diagnosis and treatment of pulmonary actinomycosis.

Case Description: The patient was a 75-year-old male who was hospitalized in a township hospital and failed to improve after
penicillin treatment. After admission to our hospital, the patient was treated with piperacillin/tazobactam according to clinical
guidelines for 14 days. Actinomadura geliboluensis was isolated from the patient’s BLF and was identified by 16S rRNA sequencing.
This report shows the biological characteristics and in vitro drug susceptibility testing, as well as the genomics analysis based on next-
generation sequencing (NGS). The results demonstrated that Actinomadura geliboluensis was easy to be mistakenly identified as
Actinomyces dental caries by using the Merieux ANC identification card. Based on the MIC test, Actinomadura geliboluensis was
susceptible to tetracyclines, quinolones and sulfonamides, but resistant to carbapenems, penicillins and cephalosporins. The K-B test
results showed Actinomadura geliboluensis was highly sensitive to piperacillin/tazobactam. Genomic analysis based on NGS showed
that the Actinomadura geliboluensis belongs to Planobispora rosea EF-Tu mutants conferring resistance to inhibitor GE22704, AAC
(3)-VIla, vanRO, chrB, and mexY.

Conclusion: Actinomycetes is generally sensitive to Penicillin but Actinomadura geliboluensis is not. In vitro drug susceptibility test
is needed to support individualized drug use to avoid delay in the disease.

Keywords: Actinomadura geliboluensis, pulmonary actinomycosis, antibiotic resistance, next generation sequencing, genomics

Introduction
Pneumonia is a common and serious respiratory disease. The problem of antibiotic resistance has plagued the clinical
treatment of pneumonia. With the development of molecular biological detection methods, 16S rRNA sequencing and
Next-generation sequencing (NGS) are widely used in clinical microbial detection and functional identification. The
molecular biological analysis of clinically selected strains can accurately determine the species, and the related
pathogenicity and drug resistance can be obtained, which has a certain guiding significance for clinical drug use.
Actinomadura geliboluensis belongs to Actinomadura. It was first isolated in 2012 in Gelibolu, Canakkale, Turkey,
and has not been reported to be isolated from humans until now.'” We have analyzed a strain isolated from the
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bronchoalveolar lavage fluid (BLF) of a patient with pneumonia. The strain was Actinomadura geliboluensis successfully
identified by 16S rRNA sequencing after failing to be identified by biochemical and mass spectrometry way. In this case,
the clinical laboratory-based biological characteristics and drug susceptibility profile of this strain were studied, and the
genomic analysis based on next-generation sequencing (NGS) was performed. This is the first report that Actinomadura
geliboluensis was isolated and studied from the human body, which may provide new ideas and methods for the clinical
diagnosis and treatment of pulmonary actinomycosis.

Case Presentation
The patient, a male, aged 75 years, was admitted to our hospital (Affiliated hospital of Shaoxing University) with silicosis
and community-acquired pneumonia following “cough, expectoration, and fever for 2 weeks”. The patient described
himself as a farmer who worked part-time as a sandblaster during his free time. He had a 3-year history of dust exposure
and a 40-year history of smoking, with an average of 20 cigarettes per day. Two weeks ago, the patient had a cold cough
and sputum, which was paroxysmal and moderate in degree, with a small amount of white sputum and blood in the
sputum, which was not easy to cough up, accompanied by fever. At that time, body temperature was not measured, and
the patient had no fear of chills and shivering, no headache or dizziness, no fatigue, and night sweats. The patient was
first hospitalized at a township health center. Some laboratory tests showed no abnormalities in liver function, renal
function, blood lipids, myocardial enzymes, and electrolytes. Tests for antibodies to seven respiratory viruses were
negative. Abnormal terms included WBC (3.9%x10"9/L), N (80%), L (14%), CRP (38.4 mg/L). Computerized tomogra-
phy (CT) examination showed interstitial changes in both lungs, left lower lung infection, and multiple mediastinal and
hilar lymph nodes with calcification (Figure 1). The patient was treated with ampicillin sodium 4g bid+ iparfloxacin
sulfate 0.4g qd for 10 days for infection, cough, and expectoration for about 10 days. The fever subsided but the patient
still had persistent paroxysmal cough and expectoration. Finally, the patient came to our hospital for treatment.

A physical examination revealed that the temperature of 36.8°C, the pulse of 87 beats/min, the breath of 19 beats/min,
and the blood pressure of 126/83 mmHG. The patient was conscious and spirited. The lips were not cyanosis, the jugular
vein was not filling, the neck was soft, and the breath sounds of the lungs were thick. The patient had no obvious dry and
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Figure | Chest CT image. The township hospital chest CT (A) lung window and (B) longitudinal window shows the left lower lung showed a mass of high-density shadow
with vague edge, adjacent to the pleural retraction, and slightly dilated bronchioles in it. The admission chest CT (C) lung window and (D) longitudinal window shows the
left lower lung showed a mass of high-density shadow with vague edge, adjacent to the pleural retraction, and slightly dilated bronchioles in it. The discharged chest CT (E)
lung window and (F) longitudinal window shows the left lower lung showed stripped-like, patchy high-density shadow with clear boundary, adjacent to the pleural stretch,
slightly dilated bronchioles, and more anterior absorption of the lesion.
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wet rales, and with a normal heart rhythm. There was no obvious bruit, the abdomen was flat and soft, and the liver and
spleen were not under the ribs. There was no tenderness and rebound pain, and the lower limbs were not having obvious
edema. There were no fresh petechiae on the skin and no positive signs on neurological examination.

CT showed increased translucency of both lungs, scattered patchy and lamellar increased density shadows in both
lungs and clump-like high-density shadows with unclear boundaries in the lower lobe of the left lung (Figure 1). There
was no obvious displacement of the mediastinal position, and multiple mediastinal and bilateral hilar lymph nodes were
enlarged with calcification. There were no obvious abnormalities in the shape and size of the great vessels in the heart
and lungs. There was thickening and adhesion of pleura on both sides, no pleural effusion was found, and diffuse lesions
of both lungs were observed. Silicosis with infection and tuberculosis were considered. Finally, the patient was admitted
to the hospital with silicosis and community-acquired pneumonia.

After admission, relevant examinations were performed, and the 2019-nCoV nucleic acid test was negative. Blood
gas analysis showed temperature 36.7°C, blood pH 7.403, partial pressure of carbon dioxide 41.8 mmHg, partial pressure
of oxygen 87.9 mmHg, bicarbonate 1.1 mmol/L, standard bicarbonate 1.3 mmol/L, oxygen saturation 98%, lactic acid
1.7 mmol/L, Red blood cell count 3.76x10'%/L, hemoglobin 120 g/L, white blood cell count 5.6x10°/L, neutrophil
classification 82%, lymphocytes 11%, monocytes 6%, reactive protein 2.2 mg/L, prothrombin time of 12.9 seconds,
plasma D-dimer 670 pg/L. Plasma fibrinogen was 4.86 g/L. Liver function tests showed slight hypoproteinemia (except
TP 57.2 g/L and albumin 38.7 g/L). Other serum biochemical and tumor tests were normal. The routine electrocardio-
gram showed sinus rhythm. Pulmonary function test showed mild restrictive ventilatory dysfunction and negative
bronchodilation examination.

According to the Chinese Guidelines for the Diagnosis and Treatment of adult community-acquired pneumonia (2016
edition), the CURB-65 score was score 2. Considering the patient’s advanced age, pneumoconiosis, and recurrent
infection, the patient was treated with piperacillin-tazobactam 3.375 g q8h by intravenous drip to cover gram-negative
bacteria and positive bacteria, and ambroxol to relieve cough and expectoration and other symptomatic treatment, and the
relevant examination. The treatment plan was adjusted at any time according to the condition. The timeline of
medications administered for patients in our hospital as shown in Table 1.

The next day, the sputum culture showed normal bacterial growth. There was no pathogenic Haemophilus and a few
Candida albicans. Three days later, bronchoscopy treatment: bronchoscopy + lavage. Lavage fluid was sent for micro-
biological examination. A subsequent examination of the BLF was negative for acid-fast bacilli on fluorescent staining.
Routine cytological examination showed light red color, slightly cloudy transparency, and nucleated cell count of
100x10%/L, mainly neutrophils.

A few Gram-positive filament-like branching hyphae were seen on a direct smear. Mycobacterium tuberculosis (by
GeneXpert assay) was negative. BLF was inoculated with Columbia blood plate medium, chocolate medium, and

Table | The Timeline of Medications Administered for Patients in Our Hospital

Time Lines Grug Dosage Methods
8.6-8.18 Ambroxol injection 30mg Bid Micropump static push
Piperacillin/Tazobactam 3.375g q8h Intravenous drip
Doxofylline injection 0.3g Qd Intravenous drip
8.9-8.12 Budesonide Suspension for Inhalation Img Bid Aerosol inhalation
Salbutamol sulfate solution for inhalation 5mg Bid Aerosol inhalation
8.10 Glycopyrronium formoterol was inhaled by aerosol 2 inhalations Bid Aerosol inhalation
8.13-8.18 Tetrandrine tablets (20 mg) 3 tablets Tid Take with warm water
Acetylcysteine effervescent tablets (0.6 g) | tablet Bid Take with warm water
8.19 (Discharge medication) Tetrandrine tablets (20 mg) 3 tablets Tid (total of 36 tablets) Take orally
Acetylcysteine effervescent tablets (0.6 g) | tablet Bid (total of 30 tablets) | Take with warm water
Moxifloxacin Hydrochloride (0.4 g) | tablet Qd (total of 6 tablets) Take orally
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Cormagar fungal chromogenic medium, the first two were cultured for 24 hours, and fungal cultures for 3 days showed
no bacterial growth. However, a rare Actinomyces Madura named Actinomadura geliboluensis was cultivated during the
culture of BLF Mycobacterium. The strain was found on the 6th day of the whole MGIT liquid mycobacterial culture and
showed no obvious growth for 1-2 days. On the 3rd day, small sand-like colonies were observed in the Columbia blood
plate medium, and on the 4th day, colonies with a diameter of 1-1.5 mm were observed. It is noteworthy that the colony
emits an extremely strong sewer-like odor. The colony morphology is shown in the ultra micrography (Figure 2A). The
colonies were hard to emulsify in saline, and thin filament-like mycobacteria could be seen by Gram staining after
rubbing on the glass slide. The bacteria were soft and not easy to break, and the morphology was similar to that seen by
BLF direct staining. Acid-fast staining and modified weakly acid-fast staining were negative (Figure 2B). The other two
media continually cultivated for 7 days without growth. The original liquid culture tubes were kept at 37°C for several
days, and flocculent growth and radial arrangement of the filament-like mycobacteria were observed on smear staining
(Figure 2C). By 42 days, no M. tuberculosis or nontuberculous mycobacteria were found.

According to the program file of MALDI TOF, the direct method and the formic acid extraction method were used to
identify the mass spectrometer, and the obvious peak shape was observed, but the identification results were unreliable.
The identification positions suggested semi-green and semi-red, and the protein fingerprints are shown in (Figure 3).

Biochemical tests were performed to identify the strain. The results showed that catalase was strongly positive and
oxidase was weakly positive. An Anaerobic and Corynebacteria (ANC) identification card (Merieux, France) was used
for detection on a VITEK2 bacterial identification instrument. Odontolyticus was identified as Actino. odontolyticus with
a credibility of 97% and a Bionumber of 2320000000005. The biochemical results of ANC card were: 05LeuA leucine
arylamidase +, 07PheA phenylalanine arylamidase +, 08ProA L-proline arylamidase +, 13TyrA tyrosine arylamidase +,
and the rest were negative.

However, subsequent 16S rRNA sequencing confirmed that the identification result was unreliable. 16S rRNA gene
amplification showed a single clear fragment. The sequencing results were compared by BLAST, and the sequence
similarity with other strains was as follows: Actinomadura geliboluensis (GenBank No.NR 109059.1) 100%;
Actinomadura formosensis (GenBank No.NR 114410.1) 99.11%; Actinomadura meyerae (GenBank No.NR 029090.1)
98.86%.

To further verify this result, the strain was identified as Actinomadura geliboluensis based on the valid data of NGS.
Virulence factors (VF) and antimicrobial resistance (AMR) related genes were analyzed by gene function analysis. The
nucleic acid sequence of the protein-coding gene was compared with the VFDB database, and no virulence factor was
found. However, the genomic analysis based on NGS showed that the Actinomadura geliboluensis belongs to
Planobispora rosea EF-Tu mutants conferring resistance to inhibitor GE22704, AAC(3)-VIla, vanRO, chrB, and mexY.

Figure 2 (A) Colony morphology of Actinomadura geliboluensis after 3 days of culture on Columbia blood plate medium (ultra-micrograph with 4x magnification); (B) weak
acid-fast staining (with 2000 magnification) of Actinomadura geliboluensis colonies after slide blotting; (C) Gram staining (with 1000% magnification) of growth in liquid
medium of Actinomadura geliboluensis.
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Figure 3 Protein fingerprints detected by MALDI TOF.

The drug resistance of the strain was analyzed by in vitro drug sensitivity test through minimum inhibitory
concentration (MIC) test based on the broth microdilution method and drug susceptibility disk diffusion method
(K-B test), the results as shown in Table 2 and Table 3. The results showed that Actinomadura geliboluensis was
susceptible to tetracyclines, quinolones and sulfonamides, but resistant to carbapenems, penicillins and cephalosporins.
The patient’s piperacillin/tazobactam inhibition zone was large as 46 mm by K-B disk method. In addition, amikacin,

minocycline, ciprofloxacin and levofloxacin all had an inhibition zone of more than 40 mm, while penicillin, oxacillin

Table 2 Results of Drug Resistance Phenotypes of Actinomadura
geliboluensis by MIC Drug Susceptibility Testing

Drug Name MIC Result
Imipenem 16 R
Clarithromycin 4 NI
Linezolid | S
Sulfamethoxazole 0.25 S
Doxycycline 0.25 S
Cefepime 32 R
Ceftriaxone 64 R
Cefoxitin 128 R
Tobramycin 16 R
Tigecycline 0.25 NI
Ciprofloxacin 0.5 S
Minocycline | S
Moxifloxacin 0.25 NI
Amikacin/Dinka | S
Amoxicillin-clavulanic acid 16 R
Infection and Drug Resistance 2023:16 htps: 3105
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Table 3 Results of Drug Resistance Phenotypes of
Actinomadura geliboluensis by K-B Test

Drug Names Units (mm)
Amikacin 48
Amoxicillin/clavulanic acid 18
Ampicillin 10
Benzylpenicillin 6
Ciprofloxacin 45
Minocycline 48
Piperacillin/Tazobactam 46
Penicillin 6
Gentamicin 34
Tigecycline 34
Teicoplanin 36
Cefepime 12
Cefuroxime 20
Cefradine 12
Cefradine/Avibactam 18
Cefoperazone/sulbactam 32
Cefotaxime 17
Cefoxitin 6
Imipenem 30
Levofloxacin 40

and cefoxitin had no inhibition zone, ceftazidime, cefotaxime and amoxicillin/clavulanic acid had an inhibition zone of
12-17 mm. Although K-B method is not the recommended method for susceptibility testing of aerobic actinomycetes,
the results of K-B method are consistent with MIC method.

After 14 days of treatment, the patient improved and was discharged. After 6 months of follow-up, the patient felt
well and had no recurrence. The timeline of patient diagnosis and treatment has been shown in Figure 4.

Discussion

Actinomadura is a genus of bacteria under the family Thermomonosporaceae.” It was once considered to be filamentous
fungi but was later identified as filamentous bacteria by cell ultrastructural analysis and classified as aerobic
actinomycetes.* Among them were Actinomadura madurae, Actinomadura pelletieri, Actinomadura latina and A.
palatopharyngis are associated with human disease.” ' “Actinomadura geliboluensis” + “pulmonary actinomycosis”
or “patient” or “human” were used as the search terms, and the search language was Chinese or English. No reports of
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Figure 4 The timeline shows the entire diagnosis and treatment process of this case.
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Actinomadura geliboluensis in humans were retrieved from CNKI, Wanfang, and PubMed databases. This case first
suggests that Actinomadura geliboluensis may also be associated with human disease. The DNA (G+C) content of
Actinomadura was 66%~72%, and the model strain was Actinomadura madurae. The DNA (G+C) content of the case
strain was 72.42% at a high value.

In the past, chest actinomycosis was usually characterized by mycetoma, with extensive destruction of the lung
parenchyma and the chest wall.'*'? This case may be in the early stage, only showing pulmonary shadows on chest CT,
and the infection can be treated with sensitive antibiotics to quickly improve the symptoms, which may be related to the
early non-invasive infection. However, it is noteworthy that this strain may be resistant to macrolide antibiotics
clarithromycin, aminoglycoside antibiotics tobramycin, penicillin antibiotics, cephalosporins antibiotics, and carbape-
nems antibiotics because of the presence of antibiotic resistance genes related to 44AC (3)-VIla, vanRO, chrB, and mexY.
The identification of Actinomycetes of dental caries with the Biomerieux ANC card on the VETIK-2 bacterial
identification instrument was easy to be mistakenly identified as high coincidence Actinomycetes of dental caries. It
may cause clinicians to use penicillins empirically, resulting in the delay of the disease.

Piperacillin/tazobactam was suitable for the treatment of Actinomyces SPP. diseases, which was also verified by our
drug susceptibility test. In addition, there was no growth of mycobacterium tuberculosis and nontuberculous mycobac-
teria in the routine bacterial culture of sputum and BLF. Only Actinomadura geliboluensis grew in BLF, which was
sensitive to piperacillin/tazobactam and improved after clinical treatment.

Therefore, we believe that penicillin is considered to be the first drug for the treatment of actinomycosis and is not
necessarily applicable to the treatment of Actinomadura geliboluensis. Tetracyclines, quinolones, and sulfonamide-
sensitive antibiotics are recommended for empirical use. We hope to deepen the understanding of this bacterium and
provide reference for the diagnosis and treatment of this bacterium relevant diseases in the future.

Conclusion

In conclusion, drug susceptibility testing is needed to support individualized drug treatment to avoid delays in the
treatment of the disease. If the laboratory does not have the condition of MIC drug susceptibility test, the K-B method
can be used to predict the results of drug susceptibility first, so as to provide the basis for clinical treatment of antibiotics
as soon as possible.
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