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Abstract: Pseudopropionibacterium propionicum (P.p.) is an anaerobic, Gram-positive, branching 

beaded rod that is a component of the human microbiome. An infection of the thoracic cavity with 

P.p. can mimic tuberculosis (TB), nocardiosis, and malignancy. We present a case of a 77-year-old 

male who presented with dyspnea and a productive cough who was initially misdiagnosed with TB 

based on positive acid-fast staining of a pleural biopsy specimen and an elevated adenosine 

deaminase level of the pleural fluid. He was then diagnosed with nocardiosis based on the Gram 

stain of his pleural fluid that showed a Gram-positive beaded and branching rod. The pleural fluid 

specimen was culture-negative, but the diagnosis of thoracic P.p. infection was determined with 

next-generation sequencing (NGS). The patient was initially treated with imipenem and 

minocycline, then ceftriaxone and minocycline, and later changed to minocycline only. This report 

shows the utility of NGS in making a microbiological diagnosis when other techniques either failed 

to provide a result (culture) or gave misleading information (histopathologic exam, pleural fluid 

adenosine deaminase determination, and organism morphology on Gram stain). 
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1. Introduction 

Pseudopropionibacterium propionicum (P.p.) is an anaerobic, Gram-positive, branching 

beaded rod that is a component of the human skin, oral, and gastrointestinal microbiome 

[1–3]. Infection with P.p. typically presents as a head and neck actinomycosis-like illness 

[2], but has also been implicated in other infections, including lacrimal canaliculitis [3,4], 

cervicofacial infections [5,6], tympanomastoiditis [7], pulmonary infections [8,9], 

osteomyelitis [10,11], a pelvic abscess related to an intra-uterine device [12], a psoas 

abscess [13], and a brain abscess [14,15]. An infection of the thoracic cavity with P.p. 

typically presents with dyspnea, weight loss, and night sweats, which can mimic 

tuberculosis (TB), nocardiosis, and malignancy [16]. The definitive identification of P.p. is 

complicated by its slow growth in a culture (5–20 days); although Gram stains are 

available sooner, its Gram-positive, branching beaded rod morphology leaves a broad 

differential diagnosis of various bacteria [3]. We present a case of a 77-year-old male who 

presented with dyspnea and a productive cough who was initially misdiagnosed with TB 

based on positive acid-fast staining of a pleural biopsy specimen and an elevated 
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adenosine deaminase level of the pleural fluid. Then, he was diagnosed with nocardiosis 

based on the Gram stain of the pleural effusion. The pleural fluid specimen was culture-

negative, but the diagnosis of thoracic P.p. infection was ultimately determined with next-

generation sequencing (NGS). The purpose of this report is to show the utility of NGS in 

making a microbiological diagnosis when other techniques either failed to provide a result 

(culture) or gave misleading information (histopathologic exam, pleural fluid adenosine 

deaminase determination, and organism morphology). 

2. Case Presentation 

A 77-year-old male presented to an infectious diseases clinic with a productive cough 

of clear to white sputum for the past 1–2 months, dyspnea on exertion, a 27 kg weight loss, 

decreased appetite, and night sweats for the past six months. He had a past medical 

history of chronic obstructive pulmonary disease, chronic kidney disease, and anemia. He 

also had a history of a penicillin allergy from five years ago, which had presented as 

urticaria. He reported a 50-pack year history of smoking and had an extensive travel 

history including Central and South America, Asia, and Europe. He had multiple negative 

tuberculin skin tests in the past and denied any exposure to TB. 

The patient had been living in West Virginia, where he had recently completed an 

extensive evaluation including a positron emission tomographic (PET) scan, which revealed 

a loculated left pleural effusion and adjacent pleural thickening. A biopsy specimen 

obtained from the pleura showed acute suppurative and granulomatous inflammation with 

possible abscess formation and rare acid-fast bacilli. After the PET scan, because of severe 

anemia, a bone marrow biopsy was performed, showing plasma cell dyscrasia. 

His initial vital signs were a temperature of 36.1 °C, blood pressure of 115/59 mm Hg, 

pulse of 84, respiration rate of 23/min, and oxygen saturation of 97% on room air; his physical 

exam was unremarkable. Preliminary laboratory evaluation showed a white blood cell (WBC) 

count of 4.8 × 109/L (reference range (RR): 4.0–10.0), hemoglobin level of 6.3 g/dL (RR: 13.5–

17.5), platelet count of 148 × 109/L (RR: 150–400), creatine level of 8.7 mg/dL (RR: 0.7–1.3), and 

potassium level of 7.0 mmol/L (3.5–5.1). He was admitted to the hospital and his initial CT 

scan of the chest showed nodular opacities with bilateral pleural effusions (Figure 1). 

 

Figure 1. CT scan of the chest on admission showing small right pleural effusion (blue 

arrow) and a loculated left pleural effusion with associated pleural and left 

hemidiaphragm thickening (red arrow). There was also an infiltrate in the lingula. 
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A PET scan showed a large, tracer avid loculated pleural effusion in the left lung base 

measuring 14.5 cm × 2.8 cm × 11.0 cm (Figure 2). A thoracentesis, followed by chest tube 

placement, drained 200 mL of purulent fluid (Figure 3). The adenosine deaminase (ADA) level 

of the empyema fluid was 714 U/L (RR < 9.2), consistent with TB. A renal biopsy was 

performed that showed acute interstitial nephritis and lambda light chain cast nephropathy. 

At the same time, the hematology service requested emergent clearance to start 

dexamethasone at 20 mg daily for the nephropathy due to plasma cell dyscrasia. Due to a 

concern about TB based on the prior histopathologic exam and the ADA result, the patient 

was started on empiric rifampin, isoniazid, pyrazinamide, and ethambutol (RIPE) therapy, 

pending further investigation. 

 

Figure 2. PET scan performed 4 days after the initial admission showing a large, tracer 

avid loculated pleural effusion in the left lung base measuring 14.5 cm × 2.8 cm × 11.0 cm, 

most consistent with chronic inflammation or infection. There was no primary lung mass 

or frank bony destruction, though there was some localized bone remodeling/periostitis. 

 

Figure 3. Purulent fluid obtained from the initial thoracentesis. 
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The Gram stain of the pleural fluid showed beaded, branching Gram-positive rods, 

thought with visual inspection to be Nocardia spp. (Figure 4). However, the culture of the 

pleural fluid yielded no growth after 3 days, so a sample was sent for NGS (MicroGenDX, 

Orlando, FL, USA) to assist in definitively identifying a causative organism. The patient 

was started on intravenous ceftriaxone at 2 g daily and oral minocycline at 100 mg twice 

daily for presumed nocardiosis and the RIPE therapy was discontinued. Magnetic 

resonance imaging of the brain was negative for findings suggestive of nocardiosis. 

Meanwhile, 16S pyrosequencing (Quest Diagnostics, Secaucus, NJ, USA) was performed 

on paraffin-embedded tissue from the pleural biopsy specimen from the prior 

investigation conducted in West Virginia and this was negative for pathogens. The patient 

was discharged on regular hemodialysis sessions with IV imipenem and oral minocycline 

for presumptive pulmonary nocardiosis. A subsequent evaluation via the hematology 

service concluded that the patient did not meet the histopathologic and radiologic criteria 

for myeloma, and he was diagnosed with monoclonal gammopathy of renal significance. 

 

Figure 4. Photomicrograph of the Gram stain of the pleural fluid showing beaded, 

branching Gram-positive rods initially thought to be Nocardia sp. 

After discharge, NGS performed on the empyema sample yielded a positive result for 

Pseudopropionibacterium propionicum (P.p.). The empyema fluid submitted for an AFB, fungal, 

and routine culture remained negative after 4 weeks of incubation. Two weeks after 

discharge, the patient was admitted to an outside hospital due to seizures on imipenem. 

Once stabilized, he was transferred back to our hospital; he had been off his antibiotics for 

one week as the other providers discontinued them due to not finding any active infection. 

A repeat CT showed worsening of his pulmonary situation, with an obstruction of the left 

mainstem bronchus and near complete collapse of the left lower lobe, bilateral pleural 

effusions, and peripheral atelectasis of the left upper lobe and lingula (Figure 5). The patient 

was started on ceftriaxone at 2 g and minocycline was continued. A bronchoscopy showed 

mucus plugging and a bronchoalveolar lavage did not identify P.p. on NGS, indicating the 

efficacy of the antimicrobials that had been received to date. Still, we elected to treat this 

infection like actinomycosis, with intravenous ceftriaxone for six weeks, followed by a 

planned six to eleven months of oral minocycline. He had completed nine months of 

treatment with an apparent resolution of the initial P.p. infection but died from sepsis from 

an intestinal perforation due to a strangulated hernia. The sequence of clinical events for this 

patient is summarized in Table 1. 
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Figure 5. Repeat CT scan showed obstruction of the left mainstem bronchus and near 

complete collapse of the left lower lobe, bilateral pleural effusions, and peripheral 

atelectasis of the left upper lobe and lingula. 

Table 1. Timeline of Clinical Events for the Case Patient. 

Day Clinical Events 

−59 
- Presents with chronic cough, weight loss, dyspnea at outside hospital 

- PET scan shows pleural effusion and pleural thickening 

−39 
- Pleural biopsy shows necrotizing granulomas and rare acid-fast bacilli (AFB) 

- For severe anemia, bone marrow biopsy was performed, showing plasma cell dyscrasia 

1 - Admi�ed to our hospital for elevated creatinine (8.7 mg/dL) 

2 

- Hemodialysis started 

- CT scan shows loculated left pleural effusion with pleural and left hemidiaphragm thickening  

- Paraffin block from previous pleural biopsy sent for AFB pyrosequencing 

4 - PET scan shows a large, tracer avid loculated pleural effusion in the left lung base 

8 
- Pleural effusion tapped; chest tube placed for empyema; pleural fluid shows high ADA 

- Empyema fluid sent for Gm stain and culture and AFB stain and culture 

11 

- Renal biopsy shows acute interstitial nephritis, lambda light chain cast nephropathy 

- Started dexamethasone for nephropathy 

- Started rifampin–isoniazid–pyrazinamide–ethambutol (RIPE) for presumptive TB 

12 

- Culture of empyema fluid is negative; Gram stain shows beaded Gram-positive rods, 

suspected to be Nocardia sp.  

- Sample of empyema fluid sent for next-generation sequencing (NGS) 

- AFB pyrosequencing was negative; stopped RIPE  

19 
- Discharged from hospital on hemodialysis 

- Discharged on imipenem and minocycline for presumed pulmonary nocardiosis 

24 - NGS Report: Pseudopropionibacterium propionicum (P.p.) 

36 - Negative 4-week cultures for AFB, fungi 

38 - Seizure on imipenem; off antibiotics for 1 week  
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46 

- CT showing left mainstem bronchus obstruction, collapse of left lower lobe, bilateral pleural effusions, 

and peripheral atelectasis of the left upper lobe and lingula 

- Bronchoscopy performed and cleared mucus plugging; BAL was negative for P.p. with NGS  

47 
- Decision to treat P.p. lung infection like actinomycosis 

- Started ceftriaxone and minocycline for 6 weeks and then continued on minocycline 

279 - Strangulated hernia, sepsis, and death  

3. Discussion 

We report a case of a thoracic actinomycosis-like infection caused by 

Pseudopropionibacterium propionicum (P.p.). The patient’s extensive travel history on 

presentation and initial evaluation revealing an AFB-positive pleural biopsy specimen 

appeared consistent with a diagnosis of tuberculosis. A filamentous organism was 

observed in the Gram stain of the pleural fluid, which was thought to be Nocardia sp., but 

the pleural fluid culture was negative. However, NGS was able to identify the likely 

causative organism in the pleural fluid as P.p. in the absence of a positive culture. The 

early identification of P.p. as the causative organism could have facilitated timely 

antibiotic selection appropriate for the treatment of actinomycosis, potentially preventing 

our patient’s imipenem-induced seizures and subsequent readmission, and the premature 

discontinuation of antibiotics. 

The species name of Pseudopropionibacterium propionicum has been changed several 

times since its original naming in 1896 as Streptothrix israeli [16–19]. It is important to be 

mindful of the organism’s previous names (Figure 6) because database searches using its 

current name yield few articles, necessitating searches using its older names. Prior names 

could also be a source of confusion: Cutibacterium spp. were previously referred to as 

cutaneous Propionibacterium spp., and thus clinicians may a�ribute the identification of 

P.p. in a specimen as a possible skin contaminant [16]. This is less of a concern now due to 

P.p.’s most recent name change but highlights the importance of proper research, 

identification, and knowledge of changing disease/pathogen nomenclature. 

 

Figure 6. Taxonomic/nomenclature changes in Pseudopropionibacterium propionicum through the 

years. 

Many organisms stain acid fast so it is imperative to consider a wide differential 

diagnosis for AFB-positive organisms, especially if the AFB culture results are negative or 

pending. Other acid-fast or partial acid-fast organisms and structures include bacterial 

endospores, oocysts (from Cryptosporidium, Cystoisospora, and Cyclospora), Rhodococcus 

equi, Corynebacterium spp., Nocardia spp., Legionella micdadei, Actinomyces israelii, Gordonia 

spp., spores of the microsporidian Nosema, Taenia saginata eggs, hydatid hooklets, 

inclusion bodies in lead poisoning, and the heads of spermatozoa [20–23]. A retrospective 

analysis of positive AFB smears with subsequent negative cultures showed that while 62% 

were due to laboratory failure to isolate mycobacteria, up to 21% were false positives [24]. 

Thus, it is important to interpret AFB results within the context of the patient’s clinical 

characteristics. 
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The morphology of bacteria of the genus Pseudopropionibacterium is variable and not 

well known. It has been described as short diphtheroid rods, 0.2 to 0.8 µm in diameter by 

1 to 5 µm long, with or without branching. The branching filaments may be 5 to 20 µm or 

more long. Swollen spherical cells, 5 to 20 µm in diameter, are formed by some strains. 

Microcolonies composed of long, branched septate and nonseptate filaments may also be 

observed [17]. 

This case also illustrates the difficulty of identifying P.p. with traditional staining and 

culture methods. We initially sent the patient’s pleural biopsy samples with rare acid-fast 

bacilli for 16s RNA pyrosequencing, which allows for a rapid identification of AFB isolates 

with 94–98% accuracy for Mycobacterium and Nocardia isolates [25]. The Quest Diagnostics 

pyrosequencing technique is based on the amplification of specific 16S rRNA sequences 

using AFB PCR primers; short sequences of 30–50 bases are identified and compared to 

databases to determine the AFB genus and species. Pyrosequencing is considered to be 

highly accurate and sensitive, as few as 100 AFB are able to produce a positive sequencing 

result [26]. However, in this case, the technique failed to establish a diagnosis because it 

lacked the primers to identify P.p. A second potential problem is using paraffinized tissue 

for the pyrosequencing. Formalin-fixation and paraffin embedding affects the quality of 

DNA due to cross-linking and heat damage, which may hinder the polymerase chain 

reaction [27]. For AFB-smear-negative specimens and weakly acid-fast staining organisms 

(e.g., Nocardia sp.), the GenXpert assay or Hsp65 deoxyribonucleic acid sequencing has 

been used for Mycobacterium tuberculosis detection and bacterial speciation, respectively 

[28,29]. 

We were ultimately able to identify P.p. as the causative organism in this case with 

NGS, demonstrating its utility in the diagnosis of difficult-to-culture organisms. There are 

multiple reasons why an infected clinical specimen may produce a negative culture result. 

Anaerobic bacteria may require special collection and culturing techniques. Some bacteria 

are fastidious and have specific nutritional requirements. Receiving antibiotics prior to 

sample collection may also result in negative cultures. In some cases, bacteria may exist 

in a viable but non-culturable state. Specimens with bacteria sequestered within a biofilm 

may also fail to grow in a culture [30]. 

To circumvent the problem of culture negativity, the technique of NGS has been 

developed. In this technology, thousands to billions of DNA fragments are 

simultaneously sequenced to determine the identity of microbes in a specimen. Since its 

advent in 2004, the cost of NGS has decreased by several orders of magnitude, now 

making it practical and cost-effective when other routine techniques fail to provide a 

diagnosis [31]. The specimen in this case was sent to MicroGenDX, which uses the 

Illumina MiSeq NGS platform; results are referenced against a validated database of 

>57,000 microbes [32]. As compared to PCR-based methods, NGS provides unbiased 

pathogen detection via direct sequencing of the specimen’s extracted DNA; this can 

facilitate the identification of rare or uncultured pathogens [33]. 

Pseudopropionibacterium propionicum is uniformly susceptible to penicillins, 

minocycline, and clindamycin in vitro [34]. Because this organism behaves like the more 

common actinomycetes, treatment guidelines for actinomycosis are followed. Generally, 

mild actinomycosis is treated with initial oral therapy, but severe or extensive disease, 

such as thoracic actinomycosis, requires parenteral therapy for 2–8 weeks followed by oral 

therapy for 6–12 months, with or without surgical source control [35,36]. The preferred 

regimen for severe actinomycosis involves high-dose penicillin, generally 18–24 million 

units daily for 2–6 weeks, followed by oral therapy with penicillin V or amoxicillin for 6–

12 months. Alternatives include ceftriaxone or amoxicillin; those with beta-lactam 

allergies can be treated with tetracyclines, clindamycin, or imipenem [35]. 

Author Contributions: Conceptualization, G.M.A.; writing—original draft preparation, S.B., E.L., 

S.K., J.H., and G.M.A.; writing—review and editing, P.J.D. and G.M.A.; supervision, G.M.A. All 

authors have read and agreed to the published version of the manuscript. 



Pathogens 2024, 13, 165 8 of 9 
 

 

Funding: This research received funding for publication costs from MicroGenDX (Orlando, FL, USA). 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Informed consent was obtained from the deceased patient’s family. 

Data Availability Statement: The data are contained within the article. 

Acknowledgments: The authors thank Lynn L. Horvath and Jose Cadena for providing the 

photographs used in Figures 3 and 4, respectively. 

Conflicts of Interest: G.M.A. has served as a paid consultant for MicroGenDX. MicroGenDX had no 

input in the content of this manuscript nor the decision to publish it. 

References 

1. Bowden, G.H.W. Actinomyces, Propionibacterium propionicus, and Streptomyces. In Medical Microbiology, 4th ed.; Baron, S., Ed.; 

University of Texas Medical Branch at Galveston: Galveston, TX, USA, 1996; Chapter 34. Available online: 

h�p://www.ncbi.nlm.nih.gov/books/NBK8385/ (accessed on 13 March 2023). 

2. Valour, F.; Sénéchal, A.; Dupieux, C.; Karsenty, J.; Lustig, S.; Breton, P.; Gleizal, A.; Boussel, L.; Laurent, F.; Braun, E.; et al. 

Actinomycosis: Etiology, clinical features, diagnosis, treatment, and management. Infect. Drug Resist. 2014, 7, 183. 

h�ps://doi.org/10.2147/IDR.S39601. 

3. Seal, D.V.; McGill, J.; Flanagan, D.; Purrier, B. Lacrimal canaliculitis due to Arachnia (Actinomyces) propionica. Br. J. Ophthalmol. 

1981, 65, 10–13. h�ps://doi.org/10.1136/bjo.65.1.10. 

4. Brazier, J.S.; Hall, V. Propionibacterium propionicum and infections of the lacrimal apparatus. Clin. Infect. Dis. 1993, 17, 892–893. 

h�ps://doi.org/10.1093/clinids/17.5.892. 

5. Novak, A.; Brütsch, P. Case report of actinomycosis caused by Arachnia propionica. Infection 1980, 8 (Suppl. 2), S209–S211. 

h�ps://doi.org/10.1007/BF01639900. 

6. Pulverer, G.; Schü�-Gerowi�, H.; Schaal, K.P. Human cervicofacial actinomycoses: Microbiological data for 1997 cases. Clin. 

Infect. Dis. 2003, 37, 490–497. h�ps://doi.org/10.1086/376621. 

7. Miglets, A.W.; Branson, D. Arachnia propionica (Actinomyces propionicus) as an unusual agent in tympanomastoiditis. Arch. 

Otolaryngol. 1983, 109, 410–412. h�ps://doi.org/10.1001/archotol.1983.00800200056015. 

8. Brock, D.W.; Georg, L.K.; Brown, J.M.; Hicklin, M.D. Actinomycosis caused by Arachnia propionica: Report of 11 cases. Am. J. 

Clin. Pathol. 1973, 59, 66–77. h�ps://doi.org/10.1093/ajcp/59.1.66. 

9. Karnik, A.M.; Elhag, K.M.; Fenech, F.F. Arachnia propionica pneumonia in hairy cell leukaemia. Br. J. Dis. Chest 1988, 82, 418–420. 

h�ps://doi.org/10.1016/0007-0971(88)90098-8. 

10. Conrad, S.E.; Breivis. J.; Fried, M.A. Vertebral osteomyelitis, caused by Arachnia propionica and resembling actinomycosis. Report 

of a case. J. Bone Joint Surg. Am. 1978, 60, 549–553. 

11. Albright, L.; Toczek, S.; Brenner, V.J.; Ommaya, A.K. Osteomyelitis and epidural abscess caused by Arachnia propionica. Case 

report. J. Neurosurg. 1974, 40, 115–119. h�ps://doi.org/10.3171/jns.1974.40.1.0115. 

12. Wunderink, H.F.; Lashley, E.E.L.O.; van Poelgeest, M.I.E.; Gaarenstroom, K.N.; Claas, E.C.J.; Kuijper, E.J. Pelvic actinomycosis-

like disease due to Propionibacterium propionicum after hysteroscopic removal of an intrauterine device. J. Clin. Microbiol. 2011, 

49, 466–468. h�ps://doi.org/10.1128/JCM.01772-10. 

13. Yonetani, S.; Ohnishi, H.; Araki, K.; Hiroi, M.; Takagi, Y.; Ichimura, S.; Watanabe, T. A psoas abscess caused by Propionibacterium 

propionicum. J. Infect. Chemother. 2014, 20, 650–652. h�ps://doi.org/10.1016/j.jiac.2014.06.013. 

14. Chau, A.M.T.; Xu, L.L.; Fairhall, J.M.; Chaganti, J.; McMullan, B.J. Brain abscess due to Propionibacterium propionicum in Eisenmenger 

syndrome. Med. J. Aust. 2012, 196, 525–526. https://doi.org/10.5694/mja11.10768. 

15. Riley, T.V.; Ott, A.K. Brain abscess due to Arachnia propionica. Br. Med. J. Clin. Res. Ed. 1981, 282, 1035. 

https://doi.org/10.1136/bmj.282.6269.1035. 

16. Suzuki, H.; Arshava, E.V.; Ford, B.; Nauseef, W.M. Don’t let its name fool you: Relapsing thoracic actinomycosis caused by 

Pseudopropionibacterium propionicum (formerly Propionibacterium propionicum). Am. J. Case Rep. 2019, 20, 1961–1965. 

h�ps://doi.org/10.12659/AJCR.919775. 

17. Charfreitag, O.; Collins, M.D.; Stackebrandt, E. Reclassification of Arachnia propionica as Propionibacterium propionicus comb. nov. 

Int. J. Syst. Evol. Microbiol. 1988, 38, 354–357. h�ps://doi.org/10.1099/00207713-38-4-354. 

18. Pine, L.; Georg, L.K. Reclassification of Actinomyces propionicus. Int. J. Syst. Evol. Microbiol. 1969, 19, 267–272. 

h�ps://doi.org/10.1099/00207713-19-3-267. 

19. Breed, R.S.; Conn, H.J. The nomenclature of the Actinomycetaeae. J. Bacteriol. 1919, 4, 585–602. 

20. de la Maza, L.; Pezzlo, M.T.; Baron, E.J. Color Atlas of Diagnostic Microbiology; Mosby: St. Louis, MO, USA, 1997. 

21. Chandler, F.W. Approaches to the pathologic diagnosis of infectious diseases. In Pathology of Infectious Diseases; Connor, D.H., 

Chandler, F.W., Manz, H.J., Schwar�, D.A., Lack, E.E., Eds.; Appleton and Lange: Stamford, CT, USA, 1997, pp. 3–7. 

22. Kumar, A.; Gupta, K. Challenge of a false-positive acid-fast bacilli: A diagnostic conundrum. J. R. Coll. Physicians Edinb. 2021, 

51, 369–372. h�ps://doi.org/10.4997/JRCPE.2021.411. 



Pathogens 2024, 13, 165 9 of 9 
 

 

23. Lowe, R.N.; Azimi, P.H.; McQui�y, J. Acid-fast actinomyces in a child with pulmonary actinomycosis. J. Clin. Microbiol. 1980, 

12, 124–126. h�ps://doi.org/10.1128/jcm.12.1.124-126.1980. 

24. Lee, J.S.; Kim, E.C.; Joo, S.I.; Lee, S.M.; Yoo, C.G.; Kim, Y.W.; Han, S.K.; Shim, Y.S.; Yim, J.J. The incidence and clinical implication 

of sputum with positive acid-fast bacilli smear but negative in mycobacterial culture in a tertiary referral hospital in South 

Korea. J. Korean Med. Sci. 2008, 23, 767–771. h�ps://doi.org/10.3346/jkms.2008.23.5.767. 

25. Bao, J.R.; Master, R.N.; Schwab, D.A.; Clark, R.B. Identification of acid-fast bacilli using pyrosequencing analysis. Diagn. 

Microbiol. Infect. Dis. 2010, 67, 234–238. h�ps://doi.org/10.1016/j.diagmicrobio.2010.02.022. 

26. Quest Diagnostics. Acid Fast Bacillus AFB Identification Sequencing and Stain Paraffin Block. Available online: 

h�ps://www.questdiagnostics.com/healthcare-professionals/clinical-education-center/faq/faq64 (accessed on 18 November 

2023).  

27. Ben-Ezra, J.; Johnson, D.A.; Rossi, J.; Cook, N.; Wu, A. Effect of fixation on the amplification of nucleic acids from paraffin-

embedded material by the polymerase chain reaction. J. Histochem. Cytochem. 1991, 39, 351–354. 

h�ps://doi.org/10.1177/39.3.1704393. 

28. Rasool, G.; Khan, A.M.; Mohy-Ud-Din, R.; Riaz, M. Detection of Mycobacterium tuberculosis in AFB smear-negative sputum 

specimens through MTB culture and GeneXpert® MTB/RIF assay. Int. J. Immunopathol. Pharmacol. 2019, 33, 1–6. 

h�ps://doi.org/10.1177/2058738419827174. 

29. Bertrán-López, J.; Abbo�, A.; Archibald, L.K.; Benninger, L.; Lascano, J.; Kalyatanda, G. Disseminated Nocardia beijingensis 

masquerading as pulmonary tuberculosis in a patient with Human Immunodeficiency Virus/Acquired Immune Deficiency 

Syndrome. Open Forum Infect. Dis. 2020, 7, ofaa186. h�ps://doi.org/10.1093/ofid/ofaa186. 

30. Behera, H.S.; Chayani, N.; Bal, M.; Kuntia, K.H.; Pati, S.; Das, S.; Ranjit, M. Identification of population of bacteria from culture 

negative surgical site infection patients using molecular tool. BMC Surg. 2021, 21, 28. https://doi.org/10.1186/s12893-020-01016-y. 

31. Gu, W.; Miller, S.; Chiu, C.Y. Clinical metagenomic next-generation sequencing for pathogen detection. Annu. Rev. Pathol. 2019, 

14, 319–338. h�ps://doi.org/10.1146/annurev-pathmechdis-012418-012751. 

32. MicroGenDX. Available online: h�ps://microgendx.com/ (accessed on 2 December 2023). 

33. Forbes, J.D.; Knox, N.C.; Ronholm, J.; Pago�o, F.; Reimer, A. Metagenomics: The next culture-independent game changer. Front. 

Microbiol. 2017, 8, 1069. h�ps://doi.org/10.3389/fmicb.2017.01069. 

34. Tanaka-Bandoh, K.; Watanabe, K.; Kato, N.; Ueno, K. Susceptibilities of Actinomyces species and Propionibacterium propionicus to 

antimicrobial agents. Clin. Infect. Dis. 1997, 25 (Suppl. 2), S262–S263. https://doi.org/10.1086/516187. 

35. Mabeza, G.F.; Macfarlane, J. Pulmonary actinomycosis. Eur. Respir. J. 2003, 21, 545–551. https://doi.org/10.1183/09031936.03.00089103. 

36. Peiffer-Smadja, N.; Harent, S.; Messeca, C.; Lechapt-Zalcman, E.; Yazdanpanah, Y.; Joly, V. A case of thoracic actinomycosis 

presenting as sudden paraplegia. Rev. Neurol. 2019, 175, 89–92. h�ps://doi.org/10.1016/j.neurol.2018.01.380. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury 

to people or property resulting from any ideas, methods, instructions or products referred to in the content. 


