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Background: Mycoplasma hominis meningitis is a rare postoperative complication of neurosurgery. Accurate and early diagnosis of 
M. hominis remains challenging because of the limitations of traditional detection methods. Metagenomic next-generation sequencing 
(mNGS) is an advanced technique with high sensitivity and specificity for identifying infectious pathogens; however, its application in 
diagnosing M. hominis meningitis has not been widely studied.
Case Presentation: We report the case of a 61-year-old man who presented with fever and headache after neurosurgical treatment 
for a cerebral hemorrhage. Empiric antibiotic therapy was ineffective. Traditional culture of pathogens and serological testing yielded 
negative results, but M. hominis was detected in the cerebrospinal fluid by mNGS. After further verification by polymerase chain 
reaction (PCR), the patient’s clinical treatment was adjusted accordingly. With targeted antibiotic intervention, the patient’s symptoms 
were effectively alleviated, and clinical indicators returned to normal levels. Furthermore, the abundance of M. hominis decreased 
significantly compared to the initial mNGS reading after targeted treatment, indicating that the infection caused by M. hominis was 
effectively controlled.
Conclusion: Using mNGS, we found that M. hominis may be a candidate causative agent of meningitis. The technique also has the 
advantage of timeliness and accuracy that traditional cultures cannot achieve. A combination of mNGS with PCR is recommended to 
identify pathogens in the early stages of infectious diseases to administer targeted clinical medication.
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Background
Mycoplasma hominis is a commensal of the genital tract associated with various genitourinary tract infections and 
complications of pregnancy.1 The organism has also been reported to be involved in other postoperative infections in 
addition to affecting the urinary system, including infections after lung transplantation,2 total hip replacement,3 kidney 
transplantation,4 and heart transplantation,5 raising the possibility that M. hominis participates in unknown causes of 
infections in the body. Furthermore, case reports have indicated that M. hominis can cause spontaneous meningitis or 
post-neurosurgical infection, although these complications are uncommon.6,7 Clinically, M. hominis infection is difficult 
to detect and diagnose using traditional culture strategies. One of the reasons for this is the lack of a cell wall, making it 
difficult to observe using a light microscope.8 The invalidation of conventional gram staining is also the main reason for 
the failure of clinical specimen detection.9 Owing to limitations in testing methods and their lack of timeliness, the 
diagnosis of intracranial infection caused by this organism poses a great challenge, which may also lead to under
estimation of the true incidence of M. hominis infection and a delay in definitive therapy. Therefore, the use of an 
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effective means of detection to rapidly and accurately determine pathogens is important for optimizing treatment 
strategies.

Metagenomic next-generation sequencing (mNGS) is an advanced technique with high sensitivity and specificity for 
identifying infectious pathogens.10 This technique can rapidly identify and classify all pathogens causing central nervous 
system (CNS) infection and compensate for the defects of traditional culture methods, which are time consuming and yield 
low positivity results.11 Because of its comprehensiveness, mNGS is considered a potential diagnostic method for conven
tional pathogens and can partially replace traditional culture methodology.12 Herein, we report a case of M. hominis 
meningitis diagnosed by mNGS analysis using cerebrospinal fluid (CSF) from a lumbar puncture of a patient, whose 
condition was effectively controlled after targeted treatment. Our report provides an example for diagnosing meningitis 
caused by pathogens in adult patients, as well as recommendations for precise diagnosis and targeted treatment.

Case Presentation
A 61-year-old man with a 2-month history of hypertension presented with the sudden onset of left limb weakness for 
one day and was subsequently admitted to the local hospital on March 30, 2021. Head computed tomography (CT) scan 
revealed intracerebral hemorrhaging in the right basal ganglia–radiation crown and centrum semiovale. Emergency 
decompression craniotomy and hematoma evacuation were performed. The patient was then transferred to the intensive 
care unit, where he received mechanical ventilation and an indwelling catheter. On third postoperative day, the patient 
regained consciousness and was transferred to the general ward after withdrawal from the ventilator. On day 12 after 
operation, the patient developed a headache and fever with a maximum body temperature of 39.2 °C. After 10 days of 
anti-infection treatment with cefoperazone sulbactam (specific treatment information was not available), there was still 
no significant relief of symptoms, and no decrease in body temperature. Lumbar puncture results (including CSF culture 
results) suggested a white blood cell count of 320/μL, glucose level of 0.4 mmol/L, chloride level of 119.7 mmol/L, and 
protein level of 6.6 g/L, but the results of the etiological culture (blood and CSF) were negative for any pathogen.

On April 29, 2021, the patient was transferred to the emergency department of Guizhou Provincial People’s Hospital 
for further treatment. On admission, he was drowsy but lucid, complaining of severe weakness and a mild headache. 
Neurological examination revealed severe paralysis of the left limb (grade 1 muscle strength), with positive meningeal 
irritation. Head CT after admission showed a small amount of blood and fluid accumulation in the operative area after 
intracerebral hemorrhage (Figure 1A), while lung CT showed no obvious signs of infection (Figure 1B). Furthermore, 
ceftriaxone, vancomycin, and caspofungin were used in combination to ensure coverage of the common bacterial 
meningitis and bloodstream infections. Lumbar puncture was performed on the second day of admission, and the 
intracranial pressure was elevated to 270 mmH2O. The CSF sample reported a white blood cell count of 810/μL, 
glucose level of 0.28 mmol/L, chloride level of 114 mmol/L, and protein level of 1.32 g/L. Subsequently, the traditional 
culture of peripheral blood, urine, and CSF specimens was performed, as well as the mNGS analysis of the CSF sample. 
Aerobic and anaerobic bacteria cultures showed negative results; however, mNGS revealed a high burden of M. hominis.

As is the case for all patients with no improvement in clinical symptoms, the anti-infection regimen was changed on 
May 3, 2021, to only moxifloxacin (0.4 g intravenous drops quaque die) according to the mNGS guidelines. On the 
sixth day of treatment for M. hominis meningitis, the patient’s headache gradually disappeared and his body temperature 
returned to normal. Five lumbar puncture tests performed during hospitalization also indicated a gradual recovery of 
routine indicators (Table 1). On the 16th day of anti-mycoplasma therapy, a CSF sample was collected for an additional 
mNGS assay, and the results suggested a reduced burden of M. hominis to two unique reads, which was attributed to 
effective treatment. After 22 days of moxifloxacin treatment, the patient was discharged on May 25, 2021, at the request 
of his family. Follow-up after 1 month indicated that the patient had no obvious neurological symptoms, such as fever or 
headache, except for left limb weakness.

mNGS Analysis
The patient’s CSF sample was delivered to Guangzhou Sagene Biotech Co., Ltd. for unbiased pathogen detection. 
A magnetic bead extraction kit (Sagene, Guangzhou, China) was used to extract DNA, and the Nextera XT DNA Library 
Prep Kit (Illumina, USA) was used to construct a metagenomic library of approximately 400 bp, as determined by 
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electrophoresis. After fluorescence quantification, sequencing was performed using the Illumina 550 DX platform. A total of 
1424 reads were identified to correspond to the M. hominis genome, with a coverage of 3.7% (Figure 2A and B). Without the 
human host DNA, the M. hominis reads contributed to 0.32% of the total microbial and unclassified reads.

Polymerase Chain Reaction (PCR) Validation
To further verify the abundance of M. hominis, the target fragment was authenticated by sequence-specific PCR using 
the primers of M. hominis (F-TGACCCTGAATTTGAAATCGTTG and R-CAGTTAGTAGTACATGAAGCGCCT).13 

ABI PRISM 3730 (Applied Biosystems, CA, USA) was used for sanger sequencing, followed by mapping to NCBI 
BLAST.14,15 The results suggested a 399-bp target fragment aligned with the reference sequences of M. hominis 
(GenBank: CP055144.1) with 99.73% identity, thereby indicating M. hominis infection in this patient (Figure 3).

Discussion and Conclusion
M. hominis is a pathogen commonly reported in urogenital infections. Transmissible infections of this pathogen to organ 
systems other than the genitals are uncommon, and nearly half of the cases with invasive infections are considered related 
to immunosuppression. Similarly, extragenital mycoplasma infection is often accompanied by cell-mediated immune 
system impairment or hypogammaglobulinemia.16–18 The presence of variable adhesion-associated antigens in 
M. hominis may contribute to its evasion of the host immune response.19 Central nervous system infection caused by 

Figure 1 Head and lung CT scans of the patient after admission in our hospital. (A). Head CT showing a small amount of blood, effusion, and swelling of the surrounding 
soft tissue in the basal ganglia after intracerebral hemorrhage surgery. (B). Lung CT showing no obvious signs of infection.

Table 1 CSF Indicators from Five Lumbar Punctures After Admission to Our Hospital

Date Pressure 
(mmH2O)

White Blood cell 
(Count/uL)

Chloride 
(mmol/L)

Glucose 
(mmol/L)

Protein 
(g/L)

04/30/2021 270 810 114.5 0.28 1.32
05/05/2021 220 330 111.4 <0.28 1.95

05/12/2021 100 0 122.1 0.70 1.19

05/19/2021 70 28 121.9 1.84 0.82
05/26/2021 50 42 124.6 2.55 0.65

Abbreviation: CSF, cerebrospinal fluid.
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M. hominis has also been found in newborns and may be prompted by amniotic choroiditis in the womb or by exposure 
to infection in the birth canal.20 Infections with this pathogen have also been reported in brain abscesses, even in rare 
cases. Currently, the infection is thought to originate from exposure during trauma and surgery, as well as transmission of 
secondary bacteremia to the brain region.21,22 In brain tissues with CNS capillary damage, M. hominis can also be 
transmitted through the bloodstream and cause infection. In our case, the patient underwent intraocular hematoma 

Figure 2 mNGS analysis reveals the mapping and distribution of M. hominis reads. (A) Mapping of M. hominis reads on the genome with a coverage of 3.7%. (B) (left) Total 
read distribution in the CSF sample, and (right) read distribution without the human host.
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evacuation and urethral catheterization prior to the onset of meningitis, resulting in exposure to two assumptive sources 
of contamination. However, it is difficult to determine the postoperative source of the infection.

In accordance with previous reports, most mycoplasma pathogens are identified using traditional culture methods, but this 
is inappropriate for CNS infections at an early stage.7 Owing to the barriers in detection technology, a considerable number of 
patients have not been able to exploit the most effective treatment opportunities. Furthermore, CSF analysis can only detect 
abnormal numbers of lymphocytes and the severity of the inflammatory response.23 Because of the slow growth and occult 
nature of pathogen isolates, the positive detection rate of plate-based culture can often be relatively low. Specifically, 
M. hominis can take more than a week to form an identifiable colony and is likely to evade detection by automated detection 
systems, such as BacT/ALERT.24 In terms of diagnosis, PCR is cheaper, faster, and more sensitive than traditional culture,25,26 

but it is based on rapidly verifying predictions of suspected pathogens. Under these circumstances, we identified the microbes 
using mNGS, a technique becoming more widely used in identifying the causative organism of infectious diseases of the CNS. 
Considering the power of PCR for accurate recognition and that PCR is the gold standard for microbial identification, we 
further verified the candidate microorganisms using PCR and obtained a consistent result.

Metagenomic next-generation sequencing is useful for early diagnosis to provide patients with timely and accurate 
antimicrobial treatments. All nucleic acid information can be captured in a single operation, and the types and 
abundances of various pathogens can be accurately assessed through sequence analysis and comparison.27 Without 
speculations or assumptions of suspected pathogenic bacteria, comprehensive clinical screening is recommended. 
A shorter testing time allows patients to benefit from a timely diagnosis and targeted medication. The use of mNGS is 
believed to provide clinicians with convenient clues for diagnosis and can effectively prevent the overuse of antibiotics in 
viral infections.28 In addition, mNGS has advantages in pathogen typing and can accurately distinguish between different 
types of infection sources, including viruses, parasites, fungi, and bacteria. With the help of mNGS, Naegleria fowleri,29 

Brucella spp.30 and Taenia bocina31 have been previously detected in CSF. In this study, mNGS also contributed 
significantly to pathogen diagnosis. Since no pathogen was found in the traditional culture, the possibility of M. hominis 
infection was not considered until the mNGS results were available. Therefore, mNGS is strongly recommended for 
diagnosis of infections with unknown etiology. Combined with the patients’ clinical characteristics and PCR verification 
results, this can accurately provide guidance for medication and prescription adjustments.

Because mycoplasma lacks a hard cell wall, it is not sensitive to compounds that act on the cell wall or interfere with folic 
acid synthesis, but it responds well to antibacterial drugs that affect cell membrane integrity.32 In addition, due to the 

Figure 3 A 399-bp target fragment mapping to M. hominis, identified by sequence-specific PCR. Lane M: DNA ladder; Lane 1: negative control; Lane 2: annealing 
temperature of 58 °C; Lanes 3 and 4: annealing temperature of 60 °C.
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occurrence of mycoplasma mutations and the increase in antimicrobial resistance,33 infections caused by mycoplasma require 
special antibiotic treatment. M. hominis is currently considered sensitive to chloramphenicol, tetracycline, lincosamide, and 
fluoroquinolones, but penetration of the blood–brain barrier is unfavorable for most drugs with low minimum inhibitory 
concentrations (MIC). Although the MIC of quinolones against M. hominis is low, reasonable CSF penetration is still present. 
Among the quinolones, moxifloxacin and gatifloxacin were found to have significantly higher permeability in CSF than 
trovafloxacin, levofloxacin, and ciprofloxacin.34 Considering that gatifloxacin is prone to cause hypoglycemia in patients, 
moxifloxacin may be the best treatment option. Fortunately, after 3 weeks of treatment with the moxifloxacin regimen, the 
patient’s disease indicators gradually returned to normal levels, and the symptoms were significantly alleviated, which further 
indicated the importance of mNGS detection in the clinical guidance of drug administration.

In conclusion, this case report demonstrates the clinical significance of mNGS in the diagnosis of M. hominis 
meningitis and illustrates the shortcomings of traditional culture methods in terms of sensitivity and specificity of 
pathogen diagnosis. More importantly, mNGS can accurately identify pathogens through one-time sequencing and 
analysis and greatly contribute to the early diagnosis of infectious diseases. PCR can be combined with the mNGS 
results for targeted validation to better guide clinical treatment.

Abbreviations
mNGS, metagenomic next-generation sequencing; CNS, central nervous system; CSF, cerebrospinal fluid; CT, computed 
tomography; PCR, polymerase chain reaction; MIC, minimum inhibitory concentrations.
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