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fAbstract

right ear and recurrent vertigo remain.

etiological agent for infectious diseases.

Background: Streptococcus suis is responsible for several kinds of zoonosis worldwide. It can cause meningitis, sepsis, osteo-
arthritis, endocarditis, endophthalmitis, and other diseases. Human infection typically occurs in occupational settings associated
with pig husbandry or pork processing. At present, Metagenomic Next-Generation Sequencing (mNGS) is prominent testing
method for achieving an early and rapid diagnosis of some infectious diseases.

Case Presentation: A 48-year-old Chinese man who denied exposure to pigs or pork was to admitted the hospital because
he had experienced a fever for three days, visual impairment, and hearing loss for one day. After a series of examinations and
laboratory tests, Streptococcus suis was detected in the aqueous humor culture as well as the vitreous humor and cerebrospinal
fluid with mNGS. But bacteria were not detected in the blood or cerebrospinal fluid culture. The patient’s condition improved,
and he was discharged after 2 weeks of active treatment. However, at present, poor vision in the right eye, poor hearing in the

Conclusions: In a patient presenting with meningitis, vision loss, and/or hearing loss, Streptococcus suis infection should be
strongly suspected regardless of the patient’s occupation. mNGS has excellent diagnostic value to determine which was the

Keywords: Streptococcus suis; meningitis; visual impairment; hearing loss; metagenomic next-generation sequencing.

Abbreviations: mNGS: Metagenomic Next-Generation Sequencing; S. suis: Streptococcus suis; CT: Computed Tomography;
Q/IRI: Magnetic Resonance Imaging; CSF: Cerebrospinal Fluid; WBCs: White Blood Cells )
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Background

Streptococcus suis (S. suis) is a common zoonotic pathogen
[1]. S. suis infection can result in purulent meningitis, sep-
sis, osteoarthritis, endocarditis, endophthalmitis, and other
diseases [2]. Given its varied clinical symptoms and lack of
specificity, S. suis infection is easily missed or misdiagnosed.
If the patient is not diagnosed and treated in a timely manner,
disability and even death can occur. In 1968, Denmark was the
first to report a human infection with S. suis [3] followed by
the United States, France, Germany, Thailand, Japan, China,
and other countries. We found that Asia, especially Thailand,
Vietnam, and China, has a higher prevalence of S. suis infec-
tion than other areas of the world. Two public health events in-
volving human infection with S. suis occurred in China in 1998
and 2005 [4], and sporadic cases have been reported since then
in many parts of the world. There have been many reports of
meningitis with hearing loss [5] and fewer reports of meningi-

tis with vision loss or arthritis [6], but meningitis accompanied
by both visual impairment and hearing loss is rare. Recently,
metagenomic next-generation sequencing (mNGS) has been
applied to pathogen detection to achieve early and rapid diag-
nosis [7]. When there is clinical suspicion of an infectious dis-
ease after an anti-infection treatment, mNGS has an advantage
over conventional detection methods. Here, we report a case
of S. suis meningitis with visual impairment and hearing loss
diagnosed by mNGS.

Case Presentation

In June 2020, a 48-year-old Chinese man with a history of
hypertensive blood pressure was admitted to the local clinic.
He was a site manager who denied eating contaminated food,
catching cold, or skin damage recently. His symptoms included
a high fever for 3 days, vomiting, chills, fatigue. He was treated
by anti-infection therapy with intravenous penicillin (the spe-
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cific treatment dose is unknown), but the disease progressed
quickly, decreased vision occurred in his right eye complicated
by bilateral hearing loss. The patient was transferred to our
hospital for further treatment.

At admission, his body temperature was 37 °C, his pulse
rate was 75 beats per minute, his blood pressure was 120/81
mmHg, and his respiratory rate was 20 breaths per min. An
ophthalmic physical examination showed that the visual acuity
of the right eye was only light perception, the visual acuity of
the left eye was 0.4, and the conjunctiva of the right eye was
congested with pus in the anterior chamber. No abnormalities
were apparent upon neurological examination. The laboratory
results showed no notable values except for an elevated hyper-
sensitive C-reactive protein level (40.68 mg/L; normal range,
0-10 mg/L), which was associated with a faster erythrocyte
sedimentation rate (37 mm/hr; normal range, 0—15 mm/hr).
No abnormalities were found on orbital Computed Tomogra-
phy (CT), a plain cranial Magnetic Resonance Imaging (MRI)
scan, or an enhanced cranial MRI scan. The results of audio-
metric testing showed bilateral sensorineural hearing loss that
was severe in the right ear. The patient was diagnosed with se-
vere endophthalmitis with bilateral deafness. Meningitis were
not observed at that time.

The patient received an intravitreal injection of vancomycin in
the right eye from ophthalmologists after a blood sample and
pus in the aqueous humor were obtained for bacterial culture
and a sample of the vitreous humor was taken for mNGS (Bei-
jing Giantmed Medical Diagnostics Laboratory). The patient
was treated with empirical intravenous clarithromycin and
piperacillin-tazobactam to cover sensitive bacteria. On the sec-
ond day of admission, the patient's right eye underwent stan-
dard vitrectomy, phacoemulsification and oil tamponade via a
posterior approach. At 24 h after surgery and medication, the
hearing in the left ear was miraculously improving, and the
patient was not experiencing fever. Four days after admission,
bacteria were not detected in the blood culture. However, S.
suis was detected in the aqueous humor culture, and S. suis
was detected in the vitreous humor with mNGS. The identi-
fied number of unique reads mapped to the S. suis genome se-
quence was 4,921 with high abundance values. On that day,
the patient received a lumbar puncture because S. suis is the
most common cause of meningitis[2]. The Cerebrospinal Fluid
(CSF) was clear with a pressure of 280 mmH2O and contained
55x10"6/L White Blood Cells (WBCs) (reference range,
<8 x 10"6/L), mainly mononuclear cells (96.3%). CSF protein
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was 1.48 g/L (reference range, 0.2—0.4 g/L), and chloride and
glucose were normal, the immediate blood glucose was nor-
mal(4.5 mmol/L). The CSF culture was negative. A CSF sam-
ple was immediately sent for pathogen detection by NGS at the
Vision Medical Research Institute. The sample was sequenced
on the Illumina NextSeq500 platform using a 75-cycle, sin-
gle-end sequencing run, and the mNGS of the CSF again de-
tected S. suis. However, the number of identified unique reads
mapped to the S. suis genome sequence was only 80 with
genome coverage of 0.48% (Figure 1), likely due to the prior
treatments. After confirming S. suis infection, the treatment
plan was adjusted. Clarithromycin and piperacillin-tazobactam
were stopped immediately. Then, 2 g of ceftriaxone, which is
sensitive to S. suis, and 125 mL of 20% mannitol were injected
intravenously every 12 h. Neurotrophic drugs and low-dose
prednisolone were orally administered to improve his hearing.
The condition of the patient improved. The purulent discharge
from the anterior chamber of the right eye disappeared gradual-
ly, and the wound healed well. However, the vision in the right
eye and hearing in the right ear remained poor. On the 12th day
after admission, a repeat lumbar puncture revealed decreased
pressure (215 mmH20), decreased white blood cell numbers
(21 x 106/L), and reduced protein levels (0.75 g/L). Thus, he
was discharged from the hospital after 2 weeks. Two months
later, at a follow-up in the outpatient clinic, he still complained
of poor vision in the right eye and poor hearing in the right ear
with recurrent vertigo.

Discussion and Conclusions

S. suis is Gram-positive bacterium with a strong pathogenic
effect that commonly persists in the mucous membrane, nasal
cavity, and gastrointestinal tract of pigs. It may infect humans
through damaged wounds, mucous membranes, the digestive
tract, and other pathways [4]. Patients often engage in close
contact with pigs or eat infected or raw pork. However, accord-
ing to the literature, less than half of S. suis patients in Asian
countries reported exposure to pigs or pork [8]. In our case, the
patient had not engaged in close contact with pigs and denied
eating raw or infected pork. Moreover, other people who ate
with the patient had no similar symptoms. However, S. suis is
not an opportunistic pathogen despite its strong pathogenicity.
From this, we hypothesize that the patient had an inconspicu-
ous wound that may have been the pathway for infection be-
fore the onset of the disease.

S. suis infection can cause purulent meningitis, sepsis, osteo-
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Fig.1 Diagnosis of S. suis infeetion using mNGS. (A) The majority of reads mapped to the S. suis genome, with coverage of

0.48%. (B) A total of 925 sequence reads corresponded to S. suis, accounting for 8.65% of microbial reads.
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arthritis, endocarditis, endophthalmitis, endophthalmitis, and
other diseases. Meningitis is the most common clinical mani-
festation [2]. Common pathogenic microorganisms may lead to
local tissue injury, whereas S. suis infection causes extensive
tissue disruption in multiple tissues or organs. The incidence
of sequelae, particularly hearing loss, in patients with S. suis
infection is significantly greater than that in patients with oth-
er bacterial infections. One study from Vietnam showed that
66.4% of patients with S. suis meningitis developed hearing
loss during hospital admission [9]. This finding was also con-
firmed in a meta-analysis based on 24 studies with a total of
913 patients, in which the rate of mortality due to S. suis men-
ingitis was low, but hearing loss was common [2]. An animal
study showed that due to the dissemination of the exotoxin, S.
suis in the blood is believed to enter the perilymph via the co-
chlear aqueduct, causing suppurative inflammation [10]. This
eventually lead to hearing loss in the cochlea. However, this
theory has not been confirmed in humans to date. A previous
study [11] stated that some genes within S. suis promote adhe-
sion to the ocular epithelium. This may explain why S. suis
infections are more likely to cause endophthalmitis than other
bacterial infections, such as pneumococcal, Listeria, tuberculo-
sis, and cryptococcal infections. It was thereby inferred that S.
suis infection should be highly suspected if the patient suffers
from meningitis with impaired vision and/or hearing.

The diagnosis of S. suis meningitis is based on clinical signs
and typical CSF findings. Isolation of S. suis from a sterile
site (such as the blood or CSF) or the lesion site results in a
definitive diagnosis [4]. However, in a previous report on S.
suis meningitis, 66.7% of patients had S. suis isolated from
the CSF, 50% had S. suis isolated from the blood, and 25%
had S. suis isolated from both fluids [12]. It is more difficult to
detect S. suis in patients with antibiotic use before treatment. In
this case, the symptoms of visual impairment and hearing loss
were prominent in the early stage of the disease, but the men-
ingitis symptoms were easy to ignore. Lumbar puncture was
performed after realizing that S. suis infection was a possibil-
ity. However, the blood culture, CSF culture, and properties of
the CSF of the patient were not sufficient to support a diagnosis
of S. suis infection. S. suis meningitis was eventually defini-
tively diagnosed in the patient based on the results of mNGS.
mNGS is a high-throughput approach that can directly detect
the genetic material of pathogens in clinical samples, yielding
almost complete coverage of the pathogens causing infections,
including those that could not be cultured [7]. This technique
can support the early and rapid diagnosis of infectious diseases
even if use antibiotics before testing. There is no doubt that the
mNGS approach was the key to rapidly detect the cause of in-
fection, additionally it could have revealed potential mutation
to antibitic target genes, associated with resistance, with no
need of isolation and culture of the organism for conventional
susceptibility tests. Although there have been few reports of
infections diagnosed based on mNGS, the future of mNGS
is promising. Using mNGS can facilitate the achievement of
an early and accurate diagnosis and avoid misdiagnoses and
missed diagnoses, thereby improving outcomes.

The principles for treating S. suis meningitis include mainly
etiological therapy, similar to those for treating most other types
of bacterial meningitis [9]. The early use of sensitive antibiot-
ics is vital. Ceftriaxone is the antibiotic that is most commonly
used clinically through the intravenous administration of 2 g

ceftriaxone every 12 h for at least 10 days. If the treatment
effect is unsatisfactory after 1 week, the antibiotics should be
adjusted in a timely manner. The literature has pointed out that
a long course of treatment should be required for recrudescent
S. suis meningitis [13]. In addition, a previous report showed
that approximately 66.4% of patients with S. suis meningitis
suffered from hearing loss during hospitalization; the hearing
loss remained in 44.7% of patients after discharge, and the ear-
ly use of hormones was sufficient to reduce hearing loss [14].
In our case, the patient spent only three days from onset to
vision and hearing loss. With effective anti-infection treatment
and appropriate hormone treatment, his vision and hearing loss
were slightly improved. However, two months after discharge,
the patient still experienced severe hearing loss. This result is
consistent with those in previous studies.

S. suis infection is uncommon in clinical settings, and its di-
versified symptoms and low specificity make clinical diagno-
sis difficult. Patients may present with meningitis, vision loss,
and/or hearing loss. S. suis infection should be highly suspect-
ed regardless of the patient's occupational background. As a
convenient and promising diagnostic method, mNGS has ex-
cellent diagnostic value to determine which was the etiological
agent for infectious diseases. It is hoped that this case report
can improve clinicians' knowledge of S. suis infection and re-
duce missed diagnoses and misdiagnoses.
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