Infection and Drug Resistance

Dove

CASE REPORT

Metagenomic Next-Generation Sequencing
Assists in the Diagnosis of Gardnerella vaginalis in
Males with Pleural Effusion and Lung Infection:
A Case Report and Literature Review

Simin Wu
Weihua Hu'
Wei Xiao ('
Yongxia Li?
Yan Huang
Xu Zhang'

'Department of Respiratory Medicine,
The First Affiliated Hospital of Yangtze
University, Jingzhou, 434000, Hubei,
People’s Republic of China; 2Department
of Respiratory Medicine, The Second
Affiliated Hospital of Kunming Medical
University, Kunming, 650000, Yunnan,
People’s Republic of China

Correspondence: Weihua Hu; Wei Xiao
Tel +86-18163137571; +86-18972161798
Email huweihua@yangtzeu.edu.cn;
99xw@sina.com

Abstract: Gardnerella vaginalis is a pathogen responsible for bacterial vaginosis, which is
commonly found in female vaginas and rarely causes infections outside the female genitalia.
Here, we report the use of metagenomic next-generation sequencing (mNGS) to detect and
confirm pulmonary infection and pleural effusion caused by G. vaginalis in a 47-year-old
man. The patient’s symptoms and imaging improved after 2 weeks of oral ornidazole, and he
was cured after 3 months. Overall, the findings of this case demonstrate that mNGS is
a useful tool for diagnosis of unexplained lung infections and pleural effusions. Its effec-
tiveness in rapid and accurate etiological diagnosis and monitoring of diseases can allow
detection of the etiology of difficult cases that return negative results after traditional
cultures.
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Introduction

Gardnerella vaginalis, a pathogen widely known to cause female vaginitis, rarely
infects male genitalia. Moreover, extra-genitalia infection caused by G. vaginalis is
rarely reported. Next-generation gene sequencing is an effective tool for rapid
diagnosis of infectious pathogens. Here, we report a case of a male patient with
no immunodeficiency, presented with pleural effusion and lung infection, condi-
tions that were finally diagnosed as Gardnerella vaginalis infection by mNGS.

Case Presentation

A 47-year-old man presented at the Emergency Clinic of The First Affiliated Hospital
of Yangtze University, on October 5th 2020, with chest pain for 27 hours. The man,
who worked at a lobster Catering Company, had a medical history of Heart Stent
Implantation and hypertension, with a smoking index of 500. The patient felt a dull
pain in the left chest at 9 am on the first day (October 4th), and this was accompanied
by shortness of breath after activity. His chest pain was aggravated upon deep
inhalation and turned over. Notably, although these symptoms were relieved by
nitroglycerin, they reappeared about 1 to 2 hours later. On the second day, he went
to the emergency department at 7 p.m. Electrocardiogram and troponin T examination
revealed normal results. The patient was then referred from the chest pain center to the
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Department of Cardiology, where he was subjected to chest
computed tomography (CT). Results revealed inflammation
of lower lobes in both lungs and inferior lingular segment of
the left lung, and left pleural effusion (Figure 1A1-A4). He
was subsequently intravenously administered with ceftazi-
dime (2 g), every 12 hours, for empirical anti-infection
treatment. Physical examination showed that his conscious-
ness was clear, the left lower lung was dulled in percussion,
the left lung’s breath sounds were low, and no rale was heard
in both lungs.

On October 7th 2020, he was transferred to the
Department of Respiratory and Critical Care Medicine,

where he was given an intravenous injection of levoflox-
acin (0.5 g) once a day. On October 9th, he was subjected
to ultrasound-guided thoracentesis drainage and examina-
tion results of pleural effusion revealed that an adenosine
deaminase (ADA) of 50.3 U/L, lactate dehydrogenase
(LDH) of 2523 U/L, and protein level of 49.64 g/L.
Neither bacteria nor tumor cells were found in pleural
fluid cytology and pathology of the pleural effusion mass.

On October 10th, the antibiotics regimen was adjusted to
ceftazidime and moxifloxacin, due to a rise in peak body
temperature. On October 13th, this regimen was readjusted

to meropenem and moxifloxacin due to lack of significant

Figure | Comparison of cross-sectional chest CT images obtained from the patient at different time points. Al-4 October 5th, 2020: The day of admission; BI-4 Eighth day
after admission on October |3th, 2020; C1-4 October 22nd, 2020 The day of discharge; D |-4 November |4th, 2020 20 days after discharge; E|-4 February 6th, 2021 Nearly

4 months after discharge.
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changes in the body temperature peak. Results from re-
examination via chest CT on October 14th showed that
double-under pneumonia was roughly the same, but the
amount of pleural effusion was higher than before
(Figure 1B1-B4). C reactive protein, erythrocyte sedimenta-
tion rate and blood routine examination were reexamined on
October 15th and the changes are not obvious. On
October 19th, we communicated with the patient, he volun-
tarily signed a written informed consent form, and he was
subjected to bronchoscopy and his alveolar lavage collected.
The alveolar lavage fluid was subjected to mNGS analysis
targeting. mNGS was performed according to the standard
protocol of the Illumina sequencing on the NextSeq550
platform. Bronchoscopy results revealed no abnormalities
and his fever had disappeared. On October 21st, we received
results of mNGS (see Table 1 for details): Summarily,
sequence analysis revealed infection by G. vaginalis, and
Corynebacterium urealyticum alongside other bacteria in the
patient’s alveolar lavage fluid. Analysis of his sputum, blood
and urine cultures during the hospitalization period all
returned negative results.

On October 23rd, the patient was discharged from
hospital because of work reasons. Re-examination results
from chest CT, performed on October 22nd prior to dis-
charge, revealed that the pleural effusion in the left inter-
lobular fissure tended to be wrapped, while the amount of
effusion in the lower lobe of the left lung was slightly
lower than before (Figure 1C1-C4). After discharge, he
was instructed to regularly take ornidazole (0.5 g) tablets,
orally twice a day (12th dose). On November 14th, 2020,
the patient came to the clinic for review. Chest CT results
showed that inflammation was basically absorbed in the
right lower lobe and there was a slight reduction in
the amount of interlobular fissure and pleural effusion on

the left (Figure 1D1-D4). After review, he was again put
on 2-week regimen of ornidazole tablets. Because the
patient lived far away from the hospital, he requested
a telephone follow-up. Later, he came to our outpatient
clinic for physical examination on February 6th, 2021.
Results indicated neither chest tightness nor discomfort,
while CT-based re-examination of the chest showed that
the inflammation in the lower lobe of the right lung was
absorbed, and the inflammation on the left was basically
absorbed (Figure 1E1-E4).

Discussion

This report describes a case of lung infection and pleural
effusion caused by G. vaginalis and other vaginal flora,
which was finally diagnosed by mNGS. Previous studies
have shown that G. vaginalis, which mostly exists in
female genitalia, is the main causative pathogen for bac-
terial vaginosis. The bacterium was discovered by
Leopold,! and was described as a “Haemophilus-like”
species associated with cervicitis. G. vaginalis cells are
gram-negative to gram-variable, small, pleomorphic rods
that are nonmotile and do not possess flagella, endo-
spores, or typical capsules.? It can cause bacterial vagini-
tis, intrauterine infections, intra-amniotic infections,
chorioamnionitis, postabortal pelvic inflammatory dis-
ease, and postpartum endometritis following cesarean
section® and it also exists in the vagina of healthy
women.* It is mainly diagnosed through secretion culture
such as urine culture. Metronidazole is commonly used
and gives initial cure rates of approximately 90% or
better.” Extravaginal infections by G. vaginalis such as
bacteremia, joint infections, and spinal dural abscess,
rarely occur,””’ while lung infections and pleural effu-

sions in female patients have also been documented.®

Table | Sequencing Results of mMNGS from the Patient’s Alveolar Lavage Fluid Showing Detected Bacteria and Suspected Pathogens

Species Genera
Designation Sequence Relative Designation Sequence
Number Abundance Number
Detected G* Gardnerella vaginalis 10,876 20.37% Gardnerella 10,876
bacteria G+ Corynebacterium 3711 6.95% Corynebacterium | 6529
urealyticum
Suspected G+ Atopobium vaginae 1128 Atopobium 1188
pathogens G+ Lactobacillus iners 1102 Lactobacillus 1144
G- Prevotella amnii 1722 Prevotella 2970
Mycobacterium | Mycobacterium chelonae | 14 Mycobacterium 92
Note: °G. vagindlis is a Gram-variable staining bacterium that is typically a small non-spore forming coccobacillus.
Infection and Drug Resistance 2021:14 hetps: 5255
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Similarly, studies have found that the vaginal Gardnerella
biofilm is sexually transmitted, with some heterosexual
couples found to share the same G. vaginalis strain,’
indicating that it can also be found in the male genitalia.
However, reports about infection of other parts of men are
relatively rare.

Literature from PubMed (https://www.ncbi.nlm.nih.

gov/) inspired us to consider extravaginal infections
caused by Gardnerella on three fronts. Firstly, this patho-
gen has been associated with bacteremia through blood-
stream infections, which may cause infections in other
parts of the body.® Secondly, it has been associated with
a specific subgroup of G. vaginalis. For example, Erica'”
analyzed G. vaginalis subgroups in women who had sex-
ual encounters with other women and found that different
clades may have different pathogenicity levels, as well as
different acquisition methods and infection durations, and
it may spread among different groups of people or sexual
networks. Thirdly, G. vaginalis exhibits numerous genetic
diversity,'" and different genetic types/clades may have
different levels of virulence. We consider that our patient’s
infection may have been bacteremia, acquired through
inhalation, or related to the bacterium’s biological charac-
teristics, such as its subgroups, and specific genotypes,
among others. Ultimately, we were unable to confirm the
above views and route of infection, necessitating further
explorations into the infection paths for this bacterium
in men.

To date, 18 articles have reported G. vaginalis infec-
tions in men.'> >’ Notably, destruction of the genitourinary
tract is considered one of the predisposing factors for
G. vaginalis urinary tract infections.”***** In addition,
the prostate is also considered a bacterial reservoir of

L 12,16,19,2
G. vaginalis,'>'%1%%°

while inflammation caused by pros-
tate adenoma has been shown to promote passage of the
body in the blood.'® At the same time, studies have
reported two patients with pyelonephritis,'**° while in
patients with scrotal abscess, it is believed that the abscess
is transmitted by cellulitis or infected hair follicles follow-
ing infection with the relevant flora.”® Additional reports

shown that
18,20-22,27,28

have also sepsis is a common

complication. The first reported case of
G. vaginalis causing lung abscess, considering the aspira-
tion bronchopneumonia caused by Gardnerella vaginalis
with abscesses and signs of sepsis, although the infection
route was not ultimately confirmed.'” In another case,
G. vaginalis was detected in the patient’s alveolar lavage

fluid, considering that the pathogen is likely to be able to

attach to the lung epithelium, in a similar fashion to the
way it attaches to the vaginal epithelium.?® Reports of lung
infections caused by G. vaginalis are shown in the Table 2.

Conventional methods of pathogenic diagnosis mostly
involve culturing of infected samples, such as pleural fluid,
urine or blood cultures. The disease diagnosis process used
in the present case is outlined in Figure 2. We rarely take
vaginal flora such as G. vaginalis into the consideration of
possible pathogenic bacteria for the patient with pulmon-
ary infection and pleural effusion. Since all our traditional
culture results were negative, we employed mNGS to
confirm etiological diagnosis.

To date, traditional culture methods remain the “gold
standard” for detecting pathogens such as bacteria and
fungi. However, these methods result in relatively low
overall positive rates in blood cultures, at only 30% to
40%.*® mNGS has emerged as an efficient tool for analysis
of genetic material obtained from microorganisms in
patient samples. In fact, the technique is amenable to
a wide range of microorganisms and is thus gradually
being used for detection of pathogens across various clin-
ical infectious diseases. Previous studies have shown that
the turnaround time for second-generation gene sequen-
cing from specimen receipt to completion of data analysis
is approximately 6 hours to 7 days (48 hours on average),
depending on the sequencing technology used, as well as
the bioinformatics algorithms applied.*'** Chen et al*?
found that the diagnosis rate of bacteria and fungi using
NGS was 95%, relative to only 60% obtained using culture
method. Because NGS can detect dead bacteria, the use of
effective empirical antibiotics may return positive NGS
results of but negative ones for culture methods. On the
other hand, mNGS guarantees efficient and accurate detec-
tion of etiology in the same specimen. Notably, compared
to traditional cultivation, this technique confers higher
accuracy for blood flow, respiratory infections, central
nervous system, bone and joint infections, complex and
atypical pathogen infections, thus improves precision diag-
nosis and treatment efficiency.*>**

To date, only a small number of respiratory pathogenic
bacteria have been identified using traditional tests.*> We
postulate that application of second-generation gene sequen-
cing technology can improve the diagnosis rate of respira-
tory pathogens. For example, in the present case, we failed
to diagnose G. vaginalis without applying mNGS. Notably,
many pathogens in the environment and in the human body
are difficult to cultivate, thus they may only be detected
through mNGS.*® However, the clinical application
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Figure 2 A flow chart describing the patient diagnosis process.

W

of second-generation gene sequencing faces certain limita-
tions. These include relatively high costs, high requirements
for laboratories, lack of an internationally recognized inter-

[=2)

pretation guide to enable interpretation of results,”’ and
inability to distinguish between live from dead pathogens.
In addition, the approach does not clearly prove the rela-

~J

tionship between pathogens and the progress of the disease
and has a relatively low detection efficiency for intracellular 3
bacteria and fungi with cell walls.*®

In conclusion, we reported the first case of use of mNGS
to diagnose lung infection and pleural effusion caused by

o

G. vaginalis. We envisage that this diagnostic technique
will be further improved for better clinical application,
especially for designing disease treatment strategies. 10

Consent

Written informed consent has been provided by the patient !

—_

for the case details and images to be published. Details of

the case can be published without institutional approval. 12.
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