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Background: Streptococcus suis (S. suis) is a common gram-positive bacterium in pigs. Its natural infection sites are the upper
respiratory tract (especially tonsils and nasal cavity), reproductive tract and digestive tract of pigs. It is a new emerging human and
animal disease. A co-morbid pathogen that can cause serious infections in humans, including meningitis, sepsis, septic arthritis, and
sometimes deafness. No cases have been reported in Huzhou City, Zhejiang Province, China.

Case Presentation: A 50-year-old male patient who had Worked as a butcher in a slaughterhouse for 20 years. Admitted to
the hospital due to abdominal pain, joint pain, fever, and headache.His condition rapidly worsened causing altered conscious-
ness, drowsiness and developed hearing loss. S. suis induced pyogenic meningitis complicated by arthritis was suspected
based on the results of biochemical and culture analysis of the cerebrospinal fluid, and metagenomic next-generation
sequencing, The patient’s symptoms significantly improved after treatment with antibiotics such as ceftriaxone, meropenem,
and linezolid, as well as supportive therapies including steroids and hyperbaric oxygen therapy, and his hearing improved
significantly.After about 2 years of follow-up, the hearing was significantly better than before, but hearing impairment still
remained.

Conclusion: Streptococcus suis is endemic in pork-consuming and pig-raising countries, but can occur throughout the world,
especially among individuals with occupational exposure to pigs and/or pork, such as slaughterhouse workers, butchers, farmers,
etc. Strengthen science education among key groups. This case was diagnosed as Streptococcus suis meningitis combined with
arthritis. However, abdominal pain in the early stage of the disease is very rare and is easy to be misdiagnosed. It is necessary to
identify whether it is complicated by peritonitis. For hearing loss caused by Streptococcus suis infection, the use of hyperbaric oxygen
chamber treatment has obvious therapeutic effects.
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Introduction

Streptococcus suis is an emerging zoonotic pathogen, with the majority of cases reported globally originating from
Thailand, followed by Vietnam. This bacterium can cause meningitis, sepsis, arthritis, endocarditis, endophthalmitis, etc.
Hearing loss is the most common sequelae after recovery from purulent meningitis.The incidence range in China is wide,
mostly sporadic, with complex causes and diverse forms, and is rarely seen in clinical work. Pyogenic meningitis
complicated by arthritis caused by Streptococcus suis infection is a rare condition. This study reported the diagnosis and
treatment process of one such patient admitted to the Huzhou Central Hospital. Further, we summarized and analyzed

similar cases reported in previous studies to deepen our understanding of this disease.
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Case Presentation

A 50-year-old male patient was admitted to the Infectious Disease Department of the Huzhou Central Hospital on
February 26, 2021, due to “abdominal pain with joint pain for 1 day and fever with a headache for 11 h”. The patient’s
abdominal pain is located under the xiphoid process in the upper abdomen, which is dull and intermittent and can be
relieved by itself. The patient also complained of discomfort and pain in both knee and wrist joints, which were significantly
aggravated during activity. The patient’s joint movement was restricted, and the lower limb muscle strength decreased. The
patient developed a fever with a maximum temperature of 40.0°C 11 h before admission. The patient experienced chills
prior to the fever but no shivering. The patient also had continuous headaches and discomfort characterized as throbbing,
nausea, and vomiting with projectile water-like gastric contents. The patient went to the local health center for treatment,
but the specific treatment details were unclear. No obvious improvement in symptoms was observed.

On February 26, 2021, the patient was transferred to our emergency department for further treatment. The blood
routine from the emergency department revealed the following: white blood cell (WBC) count 4.9 x 109/L, neutrophil
percentage 91.5%, hemoglobin level 140.0 g/L, platelet count 177.0 x 109/L, highly sensitive C-reactive protein level
176.4 mg/L, B-type natriuretic peptide level 162 pg/mL, D-dimer level 1570 ng/mL, blood potassium level 2.74 mmol/L,
alanine aminotransferase level 52.9 U/L, aspartate aminotransferase level 47.0 U/L, and total bilirubin level 11.6 umol/L.
The cardiac ultrasound showed mild regurgitation of the mitral, tricuspid, and aortic valves. The head and chest
computed tomography revealed no obvious abnormalities except for a small nodule in the right middle lobe of the
lung and bilateral lower lobe exudation. The patient was admitted with a preliminary diagnosis of a “fever of unknown
origin”. The patient denies any history of hereditary or infectious diseases in the family, and the family relationship is
harmonious. The patient’s vital signs upon admission were as follows: body temperature 35.7°C, blood pressure
87/56 mm Hg, pulse rate 112 beats/min, and respiratory rate 20 breaths/min. The patient was conscious, partially
responsive, somnolent, and mentally soft. The muscle tone was normal, and the tendon reflexes were present. The patient
had positive neck resistance and positive bilateral Kernig’s and Brudzinski’s signs. Both wrists and knees were tender
with restricted movement, but no local redness or swelling was observed. The lower limb muscle strength was of grade 4.
No abnormalities were detected in cardiac and lung auscultation.

The patient was previously healthy and had been working as a butcher in a slaughterhouse for 20 years. The
patient had a left index finger cut by a knife but did not receive proper disinfection or bandaging 2 days before the
onset of the illness. The patient had long-term contact with sick and dead pigs. The diagnosis upon admission was
infective fever, with intracranial infection as the primary consideration. On admission, the patient had low blood
pressure, cold and clammy limbs, and profuse sweating. The antibiotic 2.0g ceftriaxone (February, 26, 2021-
February 27, 2021) was administered every 12 h intravenously for anti-infection treatment, and fluid supplementa-
tion was intensified. Meanwhile, liver protection and other treatments were given.

A lumbar puncture was performed on the second day of admission, and the cerebrospinal fluid (CSF) pressure was
measured to be 300 mmH20 (1 mmH20 = 0.0098 kPa). The CSF was turbid and appeared like ground glass. The routine CSF
cell count was 2.080 x 109/L, with multiple nuclei accounting for 80%, positive for the India ink test, and negative for
Cryptococcus. The CSF biochemical analysis results were as follows: chloride level 122.5 mmol/L, glucose level 1.26 mmol/
L, adenosine deaminase level 1.8 U/L, and protein level 4042.9 mg/L. The blood routine test showed a WBC count of 10.510 x
109/L, with neutrophils accounting for 90.6% and a high-sensitivity C-reactive protein level of 210.2 mg/L. The liver and
kidney function electrolyte results were as follows: potassium level 4.16 mmol/L, alanine aminotransferase level 61.9 U/L,
aspartate aminotransferase level 96.5 U/L, total bilirubin level 26.3 umol/L, and procalcitonin level 63.84 ng/mL. The blood
gas analysis results were as follows: oxygen partial pressure 58 mm Hg, blood pH 4.90, carbon dioxide partial pressure 26 mm
Hg, and lactate level 1.6 mmol/L. The patient had significant headache and neck stiffness, with bilateral knee joint soreness
and discomfort (Figure 1), decreased muscle strength in both lower extremities, and inability to lift them.

The initial diagnosis was purulent meningitis and bilateral knee arthritis. The patient’s condition was severe, and
ceftriaxone was discontinued and replaced with meropenem 2.0g q8h((February, 27, 2021-March 1, 2021)) for stronger
anti-infection treatment. Mannitol 20g q8h was administered to reduce intracranial pre
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Figure | Swelling of both knee joints in the patient diagnosed with S. suis meningitis.

On the fourth day of admission, the patient’s head still was swollen but had improved, and the knee joint soreness and
limited mobility had also improved. The patient had a normal body temperature, clear consciousness, correct responses,
dizziness, visual rotation, and unstable gait. Significant pain was felt upon flexing the knees, and swelling was observed
in both knees. The muscle strength in both lower extremities was of grade 4, and the patient’s mental state was still good.
The neck resistance was positive, and Kernig’s and Brudzinski’s signs on both sides were negative.

On March 1, 2021, the patient’s blood test results showed a red blood cell count as 3.51 x 1012/L and an ultra-
sensitive C-reactive protein level as 40.6 mg/L. The electrolyte, liver and kidney function, lipid, and cardiac enzyme tests
showed a WBC ratio of 1.15, alanine aminotransferase level 71.1 U/L, aspartate aminotransferase level 92.1 U/L,
glutamyl transpeptidase level 174.1 U/L, lactate dehydrogenase level 269.7 U/L, total protein level 56.0 g/L, and albumin
level 29.9 g/L. The patient’s calcitonin level was 24.62 ng/mL, and the neutrophil alkaline phosphatase score was 144,
with a positive rate of 75%.

A general bacterial and fungal culture and a routine drug sensitivity test were performed on the CSF after the fifth day
of admission (March 2, 2021). The results indicated no fungal growth but showed the presence of S. suis (Figure 2).
S. suis was found to be sensitive to clindamycin, penicillin, ceftriaxone, levofloxacin, ceftazidime, and vancomycin.
However, it was resistant to tetracycline and erythromycin. On the same day, the next-generation sequencing results of
the CSF showed that the number of sequences detected for S. suis was 57,722, and the number of sequences detected for
the genus Streptococcus was 64,304.Additionally, it was discovered that the strain of S. suis was type II. The results of
routine stool examination, occult blood test, self-antibody panel, and hepatitis A, B, and C were all normal, and the blood
culture was negative. A color Doppler ultrasound of the lower extremities on March 1, 2021, showed unobstructed blood
flow in the arteries and deep veins of both legs.

The patient was diagnosed with S. suis meningitis, a central nervous system infection. The inflammatory markers and
symptoms significantly improved with treatment using 2.0 g ceftriaxone q12h (March 1, 2021-March 23, 2021) instead of
meropenem for anti-infective therapy. Dizziness was treated symptomatically by adding dimenhydrinate.

Other CSF and relevant laboratory test results upon admission are depicted in Tables 1 and 2. On the seventh day of
hospitalization, the patient’s dizziness and headache improved, and the second lumbar puncture CSF culture turned
negative. However, the patient developed hearing loss, tinnitus, and continued pain in both knees. Pure-tone audiometry
showed moderate-to-severe hearing loss in the right and left ears, and distortion-product otoacoustic emission was not
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Figure 2 The colonies were medium in size, off-white in color, smooth, and rounded in shape on Columbia blood medium.

present in either ear. Methylprednisolone 80 mg qd was added for 5 days, and emicizumab 500 pg was administered
intravenously once daily for symptomatic treatment. Joint ultrasound showed fluid accumulation in the left patellar bursa
and a small amount of fluid in the right patellar bursa, with slightly thickened synovium in both knees. Joint effusion and

Table | Changes in CSF Indicators in Patients

Date Blood Nucleated Appearance Pan’s test Polynuclear | Adenosine Protein Glucose Chlorine
Pressure cell Count cells (%) Deaminase (mglL) (mmol/L) | (mmol/L)
(mmH,0) | (x10°/L) (UIL)
2-27-2021 300 2.080 Hairy glass-like Positive 80 1.8 4042.9 1.26 122.5
3-4-2021 175 0.020 Colorless and clear Positive 50 37 1055.1 2.8l 120.2
3-10-2021 150 0.060 Colorless and clear Positive 22,0 0.9 563.9 2.83 122.8
3-16-2021 165 0.024 Colorless and clear Positive 30 0.7 5932 2.66 123.2
3-23-2021 | 225 0.100 Colorless and clear Positive 25 2.6 821.6 27 130.2
3-31-2021 175 0.006 Colorless and clear Weak Positive / 0.6 456.5 2.77 124.9
4-12-2021 188 0.040 Colorless and clear Positive 15 1.9 763.5 29 125.8
5-5-2021 220 0.00 Colorless and clear Negative / 2.0 530.0 3.76 128.0
9-8-2021 125 0.008 Colorless and clear Weak Negative | / 0.5 394.0 34 126.7
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Table 2 Changes in Laboratory Parameters of the Patient

Date White Blood | Neutrophil Platelets | High-Sensitivity | Procalcitonin
Cell Count (%) (10°L) C-Reactive (ng/mL)
(10°L) Protein (mg/L)
2-27-2021 10.5 90.6 193 210.2 63.84
3-1-2021 7.5 74.9 28I 40.6 24.62
3-4-2021 72 67.8 593 1.2 2.13
3-10-2021 9.7 69.9 687 <0.5 0.12
3-18-2021 8.1 71.6 370 0.4 /
3-29-2021 10.6 70.1 373 <0.5 /
4-6-2021 10.0 60.3 353 <0.5 /
4-12-2021 9.2 67.9 273 <0.5 /
5-6-2021 8.8 76.1 387 0.9 /
9-9-2021 6.2 54.9 364 <0.5 /

mild joint pain were observed during walking, possibly related to S. suis—induced reactive arthritis. Etoricoxib (1 tablet/
day) was added for treatment. The patient had a significant hearing loss on the 12th day after admission. The
otolaryngology department recommended treatment with a hyperbaric oxygen (HBO) chamber. The swelling and pain
of the knee joint improved, the movement was free, and the patient could walk on his own, and a re-examination of the
knee joint ultrasound showed reduced joint effusion, as shown in Figure 3. On March 18, 2021, a cranial computed
tomography scan showed no obvious abnormalities. On March 23, the patient’s condition worsened with elevated
intracranial pressure, which measured 225 mmH2O, and increased cell count and protein levels in the CSF. Therefore,
the cephalosporin therapy was discontinued, and linezolid was initiated with a dose of 0.6 g intravenously every 12h
(March 23, 2021-April 13, 2021) for enhanced anti-infective treatment. Despite the mild improvement in bilateral
hearing, a cranial MRI on March 29 showed a small infarct in the left frontal lobe, as depicted in Figure 4. The auditory
brainstem response test on the same day revealed that only the right ear produced a wave V with a threshold of 80
dBnHL, while the other waves were unrecognizable at a maximum of 95 dBnHL click stimulation. After receiving
treatment with linezolid, minocycline, Ginkgo biloba extract, phosphatidylcholine, and cilostazol, as well as 10 sessions
of HBO therapy, the patient’s headache improved but dizziness persisted. Bilateral hearing loss and knee pain
significantly improved, while the range of motion in the left knee was slightly limited.

Figure 3 Minor ischemic lesion in the left frontal lobe.
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Figure 4 Improved swelling of both knee joints.

After stopping the medication for more than 4 months, the patient reported occasional dizziness and some residual
hearing loss, but some improvement was observed. Mild knee pain was felt at times, but it significantly improved with no
headaches, fever, or other discomforts. On September 8, 2021, the patient’s CSF pressure was 125 mmH20. Also, the
cerebrospinal fluid routine Cryptococcus neoformans antigen test was weakly positive, with a red blood cell count of
0.230 x109/L. The biochemical and adenosine deaminase tests for CSF were normal. On September 9, 2021, the blood
tests showed a hemoglobin level of 157.0 g/L, neutrophil count of 3.4 x 109/L, platelet count of 364.0 x 109/L, and
a WBC count of 6.2 x 109/L. The patient’s liver and kidney function tests were within normal range. A head MRI
revealed a small ischemic lesion in the left frontal lobe. During a follow-up call on May 27, 2022, the patient reported
occasional dizziness, mild knee pain, and mild hearing loss, which improved significantly. During a call on February 20,
2023, the patient reported occasional dizziness, no knee pain, and some residual hearing loss, but no significant impact on
daily life was found.

Discussion
S. suis infection was first reported in humans in Denmark in 1968." Since then, the pathogen has spread worldwide and
has a high prevalence in Southeast Asia, with more than 1600 reported cases globally,” mostly in Thailand and Vietnam.
In China, 2 S. suis outbreaks in humans affected more than 100 people and caused 38 deaths.® Previous studies identified
35 serotypes of S. suis using agglutination assays. Among these, S. suis serotype 2 (SS2) is the most common serotype
causing human infections, while SS1, SS4, SS5, SS14, and SS16 are rare serotypes. Further genetic analysis has revealed
at least 16 sequence types of SS2,* with sequence types 1 and 7 being the most pathogenic.’ The virulence of S. suis is
determined by both serotype and genotype, and its virulence factors can be classified as highly pathogenic, weakly
pathogenic, or nonpathogenic based on the bacterial virulence factor spectrum. Gene series analysis was not performed in
this case due to testing limitations.

S. suis infection is the most common in countries where pigs are widely raised, and professions related to pig contact
are the main risk factors for infection. In our case, the patient had long worked as a butcher in a slaughterhouse and had
long-term contact with sick and dead pigs. He had a cut on the left index finger from a knife 2 days before the onset of

symptoms. Besides occupational exposure, consuming undercooked or partially cooked pork products is also a risk factor
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for infection.®™” Patients are usually healthy before being infected with S. suis, but predisposing factors such as diabetes,
alcoholism, and malignant tumors have been reported.

S. suis is an emerging zoonotic pathogen that mainly causes meningitis, sepsis, arthritis, endocarditis, and endophthal-
mitis in humans. In our case, a male patient of middle to elderly age range presented with abdominal and joint pain. He
developed headaches, nausea, and projectile vomiting 11 h before admission, followed by hearing impairment after
admission. The initial diagnosis was unclear, but the biochemical examination of the CSF suggested the possibility of
purulent meningitis. The final diagnosis was purulent meningitis with concomitant arthritis. This was determined based
on the results of a CSF culture and high-throughput gene detection. Several factors were taken into consideration while
making this diagnosis, including the patient’s long-term occupation as a butcher in a slaughterhouse and his prolonged
exposure to sick and dead pigs. Additionally, the fact that he had a knife cut on his left index finger 2 days before the
onset of symptoms, which was not adequately disinfected or bandaged, was also considered relevant. The cause of the
condition was identified as S. suis. Compared with meningitis and sepsis, the clinical presentations of enteritis, arthritis,
endocarditis, pneumonia, spondylodiscitis, endophthalmitis, and peritonitis caused by S. suis are relatively rare.'”
However, a few studies report clinical presentations such as abdominal pain and diarrhea.'' Therefore, we need to
consider the possibility of rare pathogens such as S. suis in patients who present with abdominal pain in the future.

The most common manifestation of S. suis infection is meningitis. Hearing loss is the most common sequela after
recovery from purulent meningitis, with a prevalence of 53% as shown in a recent meta-analysis.'> Up to half of the
patients may report this symptom at the time of or several days after the consultation. This type of hearing loss is usually
bilateral, severe, and permanent.'*"'* Deafness with or without vestibular dysfunction is considered to be caused by direct
infection of the cochlea. S. suis is thought to enter the inner ear through the aqueduct of the cochlea via the lytic action of
its exotoxin, causing suppurative labyrinthitis.'* Patients with vestibular dysfunction due to S. suis meningitis may also
suffer from permanent disability due to dizziness and gait instability. Such patients should receive immediate vestibular
rehabilitation treatment to improve their independence in daily activities.'*"'> Dexamethasone has been shown to reduce
a hearing loss.'> HBO therapy is also a treatment method in which patients are exposed to high environmental pressure
and breathe 100% oxygen in a hyperbaric chamber. This hyperoxia has various beneficial effects as adjuvant therapy for
many otolaryngological diseases and conditions. These effects can be summarized as anti-ischemic (delivering oxygen to
other ischemic tissues, reducing ischemia—reperfusion injury), anti-infective (bacteriostatic, enhancing the phagocytic
activity of WBCs and optimizing antibiotic therapy), and wound-healing effects (stimulating granulation tissue formation
and stabilization). HBO therapy has strong scientific evidence and can improve the pure-tone audiometry threshold in
patients with sudden sensorineural hearing loss who are unresponsive to drug therapy. Further research may identify the
group of patients with sudden sensorineural hearing loss who would benefit the most from HBO therapy. For these
patients, HBO therapy is expected to be the most cost-effective.'® In this case study, the patient experienced hearing loss
on the seventh day of hospitalization and was initially treated with intravenous methylprednisolone. The tinnitus
improved, but the hearing loss persisted. The patient began HBO chamber therapy on the 12th day of hospitalization,
which was performed 10 times, and the patient’s hearing improved significantly. No cases of HBO chamber treatment for
hearing loss in patients with S. suis meningitis were found in previous studies or recent meta-analyses.'>'” The
therapeutic effect observed in this study can provide a reference for treating patients with hearing loss in the future.
However, the timing of treatment selection requires further exploration. Unfortunately, the patient’s hearing improved
after treatment, but the hearing test was not repeated.

The symptoms of the infection caused by S. suis are typically similar to those of bacterial meningitis. Therefore, the
treatment strategy usually involves the use of antibiotics. The most commonly used antibiotics are beta-lactams
(penicillin G, ceftriaxone, or amoxicillin), aminoglycosides (gentamicin), phenylpyrazoles (fluphenazine), and fluoro-
quinolones. Most strains of S. suis are sensitive to penicillin or cephalosporins, and high-dose intravenous penicillin G is
effective in most patients.'®2° S. suis is susceptible to many antibiotics, but resistance to tetracyclines and macrolides is
common.®'®2° Therefore, antibiotic treatment is highly effective in S. suis infection. The use of dexamethasone as an
adjunct therapy to reduce mortality and improve the outcomes of bacterial meningitis remains controversial. Early
diagnosis and treatment are the most important factors in reducing the damage caused by S. suis infection.S suis is
a positive coccus. Ceftriaxone treatment was effective initially, but the condition relapsed midway. Choose antibiotics
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with strong blood-brain barrier penetration and high joint cavity bone concentration. Consider that the patient has
symptoms such as hearing loss and dizziness. Vancomycin was not suitable, so linezolid anti-infective treatment was
chosen.

Therefore, patients with risk factors for susceptibility should immediately consider the possibility of streptococcal
infection if they exhibit clinical symptoms such as fever, headache, joint pain, and hearing loss. Early treatment with
pathogen-sensitive penicillin or antibiotics is essential to prevent long-term mortality and morbidity. In the present case,
HBO therapy combined with corticosteroids had some positive effects on early hearing loss. This can be further validated
with more clinical cases in the future. Currently, the most effective prevention and control measure in the absence of
vaccination is strengthening food hygiene supervision.
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