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Abstract: Linezolid-induced black hairy tongue is a self-limiting benign disease that is rare. Here, we report three patients who
developed black hairy tongue after linezolid treatment. The severe dysbiosis of oral bacterial communities was observed in all these
patients. Proteobacteria was the most prevalent phylum (over 90%) at the black tongue stage. Furthermore, the dramatic oral bacterial
alteration took a long time to reverse after the BHT resolved.
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Introduction

Linezolid is a synthetic antibiotic, belonging to oxazolidinones, with unique bacteriostatic activity against antibiotic-resistant
Gram-positive bacteria including methicillin-resistant Staphylococcus aureus (MRSA) and vancomycin-resistant enterococci.'
Linezolid has been proved to be effective against M. tuberculosis isolates® and is currently recommended as Group A core agent
for treating multidrug-resistant tuberculosis (MDR-TB) based on the World Health Organization (WHO) guidelines.” Linezolid
has extremely high oral bioavailability closing to 100% in human. It inhibits the early steps of protein synthesis in Gram-positive
bacteria by binding to the 23S site of ribosomal RNA on the 50S subunit and preventing the formation of the 70S translation
initiation complex.! The common linezolid-induced adverse events include myelosuppression, lactic acidosis, peripheral
neuropathy and optic neuropathy, which are closely associated with prolonged treatment duration.** Black hairy tongue
(BHT) is also a rare adverse effect associated with Linezolid.*” BHT is characterized by pigmentation of the dorsal tongue
which appears black, or green or yellow, and may be accompanied by hypertrophy of the filiform papillae.®'® The prevalence of
black hairy tongue varies highly in the general population ranging from 0.6% to 11.3% and is significantly higher in males.'"'?
Here, we report three male patients with BHT induced by linezolid during the anti-tuberculosis treatment, and the dynamic
changes of the oral bacterial profiles during discoloration and recovery stages were investigated by 16S rRNA sequencing.

Case Presentations
Case Report |

A 74-year-old man was admitted with fever, severe cough, and yellow sputum for 1 month. He was diagnosed with lung
adenocarcinoma (cT4N2MO, I1IB) 3 months ago and received 2 cycles of pemetrexed-cisplatin adjuvant chemotherapy.
He had a history of tuberculosis and a 10-year history of smoking but had quit for 4 years. He maintains a good oral
hygiene. Chest Computed tomography (CT) scan showed: (1) multiple lesions in bilateral lobe of the lung; (2) enlarged
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hilar and mediastinal lymphadenopathy; (3) infection lesions in the lower lobe of the left lung. Repeated sputum acid-fast
bacteria (AFB) smear staining was positive. Sputum GeneXpert MTB/RIF assay (Cepheid, Sunnyvale, CA) and culture
were positive and sensitive to rifampicin. Considering the retreatment of pulmonary tuberculosis, isoniazid (H), rifampin
(R), ethambutol (E), pyrazinamide (Z), moxifloxacin were used as the anti-tuberculosis regimen, and linezolid 600 mg
once daily was added to strengthen the regimen. The patient’s temperature returned to normal after 5 days of treatment,
and cough was significantly resolved after 2 weeks of treatment. However, 12 days after the initiation of linezolid
treatment, the patient complained of a black tongue without any other symptoms (Figure 1A). Tongue swab culture
showed Enterobacter kobei. Considering that this side effect was related to linezolid, we discontinued linezolid and the
tongue discoloration returned to normal within 17 days.

Case Report 2

A 67-year-old man was admitted with dry cough and shortness of breath. He had no smoking history and oral hygiene
was good. Chest CT revealed massive bilateral pleural effusion. Meanwhile, abdominal ultrasound and echocardiography
showed moderate ascites and pericardial effusion. Pleural fluid T-SPOT.TB result was positive. The patient was
considered to have tuberculous polyserositis and started HRZE diagnostic anti-TB treatment. However, the patient
then developed weakness, loss of appetite, oliguria, decreased pulse pressure. Considering the signs of pericardial
tamponade, an emergency pericardiectomy was performed. Thickened pericardium adhesions were seen during the
operation, some of which were obviously calcified and narrowed, and some were cheese-like lesions. Histopathology
of the pericardium showed fibrous tissue hyperplasia, collagenization with exudation of inflammatory necrosis, and
a positive TB FISH result. A diagnosis of tuberculous constrictive pericarditis was confirmed after surgery. We adjusted
the anti-tuberculosis regimen to meropenem, moxifloxacin, isoniazid, rifampin, he complained of worsening chest
tightness, and large extensive pleural fluid was seen in chest CT after one month of treatment. Linezolid 600mg once
daily along with steroids was then added to the anti-TB regimen. Thirteen days after intake of linezolid, asymptomatic
black tongue was observed (Figure 1B), and tongue swab detected Escherichia coli. After completing 2 months of the
anti-TB regimen containing linezolid, his tongue discoloration disappeared 10 days after discontinuation of linezolid.

Case Report 3

A 37-year-old man presented with low-grade fever, persistent headache, and night sweats for a month duration. He had
no smoking history and oral hygiene was good. Chest CT showed multiple nodules. Magnetic resonance imaging (MRI)
of the brain showed multiple low-density lesions and small abscesses with surrounding edema. The sputum and
cerebrospinal fluid GeneXpert MTB/RIF assay indicated positive and further culture proved TB infection. The patient
was diagnosed with pulmonary tuberculosis with tuberculous meningitis. He was treated with isoniazid, rifampicin,
pyrazinamide, ethambutol, and linezolid 600 mg daily in combination with steroids, and the patient’s headache relieved

Figure | The black tongue coat on the patient tongues. (A) Patient I; (B) Patient 2; (C) Patient 3.
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within two weeks. Brain MRI was repeated after 4 weeks, which showed decreased abscesses and absorbed edema.
However, after 28 days of the above anti-tuberculosis treatment, the patient experienced abnormal taste and tongue black
discoloration (Figure 1C). Tongue swab culture showed Klebsiella pneumoniae. Upon cessation of linezolid for 15 days,
his tongue returned to normal. The patient later met the criteria to be cured of tuberculosis.

Methods

Oral Sample Collection and Assay
To investigate the possible role of oral microbiota alteration in development at the black tongue stage and the recovery
stage. 10mL Saliva samples were collected was collected into a 50 mL EDTA tube from three patients by gently rolling
a swab under the tongue and between the gum and the cheek. Patients were asked not to drink or eat for at least 8
h before sampling. Tongue coat swabs were taken by swabbing the tongue coat surface by tenth rotational movements.
0.5 mL trypsin was added to samples that were centrifuged for 10 min at 4500g. Then discard the supernatant, add
0.5mL of DNA stabilizer to the precipitate, mixed it well with a disposable pipette, transferred it all into 2mL hard-
walled grinding tube. The samples were put into the specimen storage box and stored at —80 °C until further analysis.
Bacterial DNA was extracted with the CTAB/SDS method following the manufacturer’s recommendations. 16S
rRNA genes of V3-V4 region were amplified with the barcode. All PCRs were performed with Phusion High-Fidelity
PCR Master Mix (New England Biolabs). After purification of the PCR products, sequencing libraries were constructed
using a TruSeq DNA PCR-free Sample Preparation Kit. The constructed library was quantified by Qubit and Q-PCR, and
after the library was qualified, the library was sequenced using NovaSeq6000.

Results

The results of the 16s rRNA sequencing revealed that the patients suffered dramatic dysbiosis of normal oral microbiota.
The analysis of the saliva sample at black tongue stage showed that a total of 167 operational taxonomic units (OUTs)
were found in Patient 1, 627 OUTs were found in Patient 2, and 249 OUTs were found in Patient 3. Whereas, in the black
tongue coat sample, a total of 197 OUTs were found in Patient 1, 281 OUTs were found in Patient 2 and Patient 3,
respectively (Figure 2). Overall, we observed that the diversity of bacteria in saliva and tongue coat was similar,
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Figure 2 Venn diagrams show the unique and shared OUTs between three patients in saliva samples (A) and tongue coat samples (B) during the black tongue stage. Blue
circle:Patient |; Green circle: Patient 2; Purple circle: Patient 3. S-1: Saliva sample from patient |; S-2: Saliva sample from patient 2; S-3: Saliva sample from patient 3; T-1:
tongue coat sample from patient |; T-2: tongue coat sample from patient 2; T-3: tongue coat sample from patient 3.

Abbreviation: OUTs, operational taxonomic units.
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Figure 3 The relative abundance of phylum in patient samples from the black hairy tongue stage and the recovery stage by 16S rRNA sequencing, in saliva samples (A) and
tongue coat samples (B).

Abbreviations: BHT-1, Black hairy tongue stage of patient |; R-1, Recovery stage of patient |; BHT-2, Black hairy tongue stage of patient 2; R-2, Recovery stage of patient 2;
BHT-3, Black hairy tongue stage of patient 3; R-3, Recovery stage of patient 3.

Proteobacteria was the most prevalent phylum level (over 90%) at the black tongue stage in all three patients (Figure 3).
The differences were found in genus level among the three patients. At the black tongue stage, Haemophilus (44.39%)
was the most prevalent genus in Patient 1 and 3. Lautropia (52.00%) was the most prevalent genus in Patient 2. At the
recovery stage, despite Proteobacteria phylum remained dominant, its abundance decreased in these patients, and

Frimicutes phylum and Fusobacteria phylum increased as the discoloration resolved.

Discussion

BHT is a rare benign disorder which is more common in men, elderly, smokers, HIV-positive patients, and cancer
patients.'' We performed the drug causality assessment (Naranjo) in our three patients with a final score of 8, which
supported a probable adverse drug reaction of linezolid on BHT. The underlying predisposing factors of tongue
discoloration include smoking, poor oral hygiene, psychotropics (eg, olanzapine), antibiotics (eg, tetracyclines,
metronidazole).'>"'* Differential diagnoses include oral hairy leukoplakia, acanthosis nigricans, pigmented fungiform
papillae, melanocytic nevi, and pseudo BHT (like food coloring).” Dermoscopy can help to confirm.'

Cases of linezolid-induced BHT commonly suffer from poor appetite and loss of taste. Tongue discoloration occurs in
nearly two week or long-term use of linezolid and can be resolved 2-3 weeks after linezolid discontinuation,® but the
BHT may recur after reintroduction of linezolid.'® However, little is known about the alterations in oral bacteria on the
black tongue and the correlation between these changes and the occurrence of the black tongue. To our knowledge, this is
the first study to report the dysbiosis of oral microbiota composition in patients with BHT.

In the healthy people, oral bacteria are predominantly composed of Firmicutes, Bacteroidetes, Proteobacteria, and
Actinobacteria, accounting for 96% of total oral bacteria.'” And diet and environment have little effect on the
composition on gut microbiome. The physiological activities of oral symbiotic flora and its metabolites may have
beneficial effects. Our study found in these BHT patients Proteobacteria was dominant in oral bacteria, contain above
90% of the taxa, which overwhelmingly disturbed the oral microenvironment. Proteobacteria were found to be
significantly enriched in the feces of TB patients, which contain numerous gram-negative bacteria and opportunistic
pathogenic species.'® Enterobacter kobei, Escherichia coli, and Klebsiella pneumoniae were detected in patient’s tongue
swabs, respectively, which were considered to be microbial colonization due to dysbiosis of the oral bacteria.
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The microbial community of human respiratory tract is continuous.'® Although the respiratory tract microbial
communities varied in terms of diversity, oropharynx samples can be used to analyze the alteration of community
structure associated with tuberculosis.” Firmicutes, Actinobacteria and Proteobacteria are significantly higher in sputum
samples from TB patients when compared to healthy controls,”’ but the extreme imbalances have not been seen. The
diversity indices of samples from healthy patients were significantly higher than that of TB patients. The dynamics of
oral microorganisms and the balance of their composition and richness may be disrupted, leading to disorders of oral
microorganism metabolism in TB patients. Antibiotics have a great impaction microbiota alters, resulting in continuously
reducing microbial community diversity.* Linezolid largely exacerbated the oral bacteria dysbiosis in TB patient, which
may associate with BHT. Furthermore, the dramatic oral bacterial alteration needs a long time to reverse after the BHT
resolved.

Only three patients were included in this study, the data may be hard to be generalized. However, our findings could
provide the basis for subsequent studies and the data provide a complete spectrum of changes in microbiota related to
linezolid which can fill in the knowledge gaps. We are willing to future conduct multicenter studies to include more
linezolid-induced black hairy tongue patients for analysis and to do further research to reveal the relationship between
black hairy tongue and oral bacterial alteration and strive to explore solutions to balance the alteration of the oral
microbiota possibly responsible for the hairy tongue.

BHT is a self-limiting benign disease; however, it may raise aesthetic concerns,'! which can cause non-compliance. It
has been shown that merely minor degrees of non-adherence or missed doses significantly increased the risk of
unfavorable outcomes of TB treatment.?® Physicians need more patience and communication skill to address the patient’s
tensions to make them benefit from anti-TB treatment. BHT caused by linezolid will resolve within 1-2 weeks after
discontinuation of linezolid. During the period of tongue discoloration, patients should maintain good oral hygiene, brush
the dorsum of tongue avoid predisposing factors.

Conclusion

Linezolid induced black hairy tongue is a rare and self-limiting benign disease. The intense oral bacteria dysbiosis
induced by linezolid was observed in these patients and may be related to BHT. Proteobacteria was the most prevalent
phylum (over 90%) at the black tongue stage. Furthermore, the dramatic oral bacterial alteration took a long time to
reverse after the BHT resolved.

Abbreviations

BHT, black hairy tongue; MDR-TB, multidrug-resistant tuberculosis; WHO, World Health Organization; CT, Computed
tomography; H, isoniazid; R, rifampin; E ethambutol, Z pyrazinamide; MRI, Magnetic resonance imaging; OUTs,
operational taxonomic units.
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