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Abstract
Streptococcus suis (S. suis) is a zoonotic pathogen that primarily inhabits the upper respiratory tract of pigs. Therefore, pigs 
that carry these pathogens are the major source of infection. Most patients are infected through contact with live pigs or 
unprocessed pork products and eating uncooked pork. S. Suis mainly causes sepsis and meningitis. The disease has an insidi-
ous onset and rapid progress. The patient becomes critically ill and the mortality is high. In this case report, we described 
a rare case of S. suis isolated from a middle-aged woman in Jinhua City, Zhejiang Province, China, who did not have any 
contact with live pigs and had not eaten uncooked pork. S. Suis was isolated from both the patient’s blood and cerebrospinal 
fluid samples.
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Introduction

Streptococcus suis (S. suis) is a zoonotic pathogen that 
causes infectious diseases such as meningitis, bacteremia, 
endocarditis, endophthalmitis, arthritis, and toxic shock 
in pigs and humans [1]. Human infections caused by this 
pathogen are rare, and infection with this pathogen usually 
presents with permanent deafness and endocarditis in the 
sequelae of meningitis [2]. Individuals who have close occu-
pational or accidental contact with pigs or pork products and 
who consume undercooked or undercooked pork may be at 
higher risk of infection [3, 4]. A meta-analysis showed that 
395 (61%) of 648 patients were exposed to pigs or pork, 
while other risk factors were less common [5]. In 1968, the 
first case of S. suis infection was reported in Denmark [6]. 

Since then, cases of the infection have been reported in more 
and more countries. Most cases have occurred in Southeast 
Asia, where pig farming is highly developed and hog den-
sity is high [7]. A study of S. suis meningitis showed that 
the pathogenic bacteria were isolated from the cerebrospinal 
fluid (CSF) in 66.7% of the cases, from blood in 50%, and 
both the CSF and blood in 25% [8]. Here, we describe a case 
of bacteremia and meningitis caused by S. suis in a 49-year-
old woman without a history of live pig contact or eating raw 
pork in Jinhua City, Zhejiang Province, China. S. suis was 
detected in both the blood and CSF culture of the patient. We 
analyzed the patient’s medical history, microbiological diag-
nosis process, drug sensitivity test, and treatment process, 
and reviewed and discussed the relevant literature.

Case report

A 49-year-old, normally healthy woman suffered from fevers 
up to 39.3 °C without obvious incentive and no chills. Her 
fever was accompanied by headaches and tinnitus and she 
also experienced projectile vomiting 1–2 times a day. The 
patient had symptoms of joint pain in the right limb, but 
no stiffness in the limbs. She had fainted once during treat-
ment at the local hospital, lasting for 10 h but had no rec-
ollection of the syncope. Four days later, she was referred 
to our hospital due to persistent fever and headaches. The 
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patient was a rural woman with no specific medical history, 
who denied recent exposure to pigs or other animals or even 
occasional exposure. The patient also had no history of eat-
ing raw or undercooked pork. On admission, the patient 
had a body temperature of 37.9 °C, a pulse of 55 beats/
min, a respiratory rate of 22 beats/min, and a blood pressure 
of 115/58 mmHg. A physical examination revealed signs 
of neck stiffness and meningeal irritation, but no hearing 
impairment. The patient’s pharynx was congested; there was 
no enlarged tonsils, no arrhythmia, and no pathological mur-
murs. A neurological examination showed that the patient 
was lucid and mentally alert, with normal muscular tension 
in her extremities and normal knee-tendon reflexes.

Routine laboratory examination and imaging examination 
indicated the following: leukocyte 14.63 ×  109/L, neutrophils 
89.1%, platelet 106 ×  109/L, hemoglobin 119 g/L, C-reactive 
protein 32.8 mg/L, and procalcitonin 5.111 ng/ml. Tests 
for the NS1 antigen and IgM antibody of the dengue virus 
and nucleic acid and antibody (IgM and IgG) of the novel 
coronavirus (SARS-CoV-2) were all negative. Blood was 
drawn from both arms for blood culture (including aerobic 
and anaerobic cultures). CSF analysis demonstrated 968 
leukocytes/μL with 84% polymorphonuclear cells, glu-
cose 1.87 mmol/L, lactate dehydrogenase (LDH) 176 U/L, 
chloride 121 mmol/L, and protein 2587 mg/L. Gram stain 
of the CSF showed a few Gram-positive cocci, mostly in 
pairs (Fig. 1). Cryptococcus neoformans was not detected 
by Indian ink staining. A computed tomography scan of the 
patient’s head showed no abnormal findings.

Two days later, four blood culture bottles, including two 
aerobic and two anaerobic bottles, presented positive and 
raised alarms. The positive specimens were transferred 
to blood agar plates for further culturing. The next day, 

α-hemolytic colonies grew on the sheep blood agar plates 
(Fig. 2). The organisms, which were Gram-positive cocci 
in chains (Fig. 3), were catalase-negative and were identi-
fied as S. suis using the matrix-assisted laser desorption/
ionization time of flight (MALDI-TOF) mass spectrometer 
(Bruker Inc., Germany) with 2.303 log-score (according to 
the instruction manual of the instrument, higher than 2.300 
of the score implies “highly probable species identification”) 
(Figs. 4 and 5). Antimicrobial susceptibility testing was 

Fig. 1  A large number of neutrophils and a few Gram-positive cocci 
(green arrow) were found in the cerebrospinal fluid smear (Gram 
stain, × 1000)

Fig. 2  Streptococcus suis showed α-hemolysis, medium size, gray 
white, smooth, and moist colonies on the sheep blood agar

Fig. 3  Under the microscope, the cultured Streptococcus suis 
appeared as Gram-positive cocci with double or broken chains (Gram 
stain, × 1000)
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performed by E-test method for penicillin G and merope-
nem and disk diffusion method for other antibiotics accord-
ing to Clinical and Laboratory Standards Institute (CLSI) 
M100-S30 guidelines [9]. Susceptibility test results revealed 
that the bacterium was sensitive to penicillin G, cefotaxime, 

ceftriaxone, meropenem, levofloxacin, linezolid, chloram-
phenicol, and vancomycin but resistant to clindamycin and 
erythromycin. The results of identification and antimicrobial 
sensitivity of the bacteria isolated from CSF were consistent 
with those from the blood cultures.

Fig. 4  A mass spectrum of Streptococcus suis 

Fig. 5  A comparison chart 
between the mass spectrum of 
the measured strain and that of 
the database
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Before the isolation of S. suis, ceftriaxone and merope-
nem were administered intravenously for empirical treat-
ment. After the pathogen and drug sensitivity were con-
firmed, ceftriaxone and penicillin were used for definitive 
treatment. At the same time, mannitol was used to reduce 
intracranial pressure, gamma globulin was used to strengthen 
immunity, and mecobalamin was used to nourish the nerves. 
One week after the patient was admitted for treatment, rou-
tine and biochemical examinations of CSF and blood were 
conducted. The CSF and culture results returned to normal. 
The patient was discharged after completion of a 14-day 
course of oral antibiotic therapy. Her symptoms, except tin-
nitus, improved.

Discussion

S. suis is a Gram-positive facultative anaerobe with cap-
sule structure, which can be classified as Lancefield group 
D Streptococcus according to its cell wall antigen composi-
tion [10]. S. suis can colonize the upper respiratory (espe-
cially nasal cavity and tonsils), genital, and digestive tracts 
in healthy swines. Zhang collected 1813 nasal cavity sam-
ples from healthy pigs raised on 17 independent farms in six 
Chinese provinces between 2016 and 2018 and obtained 223 
S. suis isolates (12.3%) [11]. S. suis can survive in the dust, 
fertilizer, and pig carcasses for days or even weeks under 
suitable conditions. Therefore, the surrounding environ-
ment of hoggeries and slaughterhouses may be a source of 
human S. suis infection [12]. Owing to the limitation of the 
living environment of S. suis, the infection cases caused by 
the pathogens are rare and typically sporadic. The particu-
lar occupational groups who have a history of close contact 
with pigs or raw pork, such as pig breeders, veterinarians, 
meat processing workers, transport workers, butchers, and 
cooks, are at high risk of S. suis infection and account for the 
vast majority of cases. When they suffer from skin damage, 
even minor and invisible damage, and expose to pigs and 
raw pork carrying S. suis, the pathogens can enter the human 
bloodstream directly and cause infection [13].

However, sometimes the infection route of S. suis is not 
clear. Some patients who have not contacted animal or pork 
products have been reported to have been infected by S. suis 
[14–16]. Therefore, it can be inferred that there are other 
ways of human infection with S. suis. A recent study showed 
that the gastrointestinal tract is an entry site for S. suis, sup-
porting the epidemiological evidence that ingestion of S. 
suis–contaminated food is a risk factor for infection [17, 18]. 
In addition, as reported previously for Group B Streptococ-
cus, diabetes mellitus, splenectomy, alcoholism, and malig-
nancies have been considered to be important predisposing 
factors for severe, rapidly progressing, and ultimately fatal 
S. suis infection [13, 19]. In current case, the patient is a 

healthy rural woman, who had no history of contact with 
live pigs or eating raw pork. The infection of S. suis may 
have been caused by contact with pork contaminated with 
S. suis during cooking.

Meningitis is the most common clinical manifestation of 
S. suis infection, and its symptoms are similar to those of 
other types of bacterial suppurative meningitis. Sepsis is 
considered to be the second most common manifestation 
and the leading cause of S. suis–related death [20]. S. suis 
was detected in both the CSF and blood samples of this 
patient, indicating that the patient suffered from meningitis 
and bacteremia caused by S. suis. Therefore, such a case is 
relatively rare. The important sign of S. suis pathogenicity is 
its capability of extensive circulation in the bloodstream and 
maintain a state of bacteremia for a period of time, leading to 
the occurrence of meningitis [21]. However, little is known 
about the mechanism of S. suis invading the human body and 
crossing the blood–brain barrier.

S. suis showed α-hemolysis on sheep blood plates which 
can easily be misdiagnosed as other common Streptococcus 
species. Consequently, identification of S. suis is sometimes 
difficult because it is frequently misidentified as S. acid-
ominimus or S. vestibularis by the Phoenix System or as S. 
sanguinis by the Vitek II System [22, 23]. Misidentification 
of the microbes may lead to a failure to correctly diagnose 
the S. suis infection. Therefore, the suspicious strains iso-
lated from patient with epidemiological history should be 
identified by 16S rRNA sequencing or MALDI-TOF–MS 
to avoid a missed detection of S. suis, especially in areas 
with a high prevalence of S. suis diseases. In the present 
case, S. suis was identified by mass spectrometry with a high 
log-score, indicating that the identification result is reliable.

S. suis is sensitive to penicillin or cephalosporin. High-
dose intravenous penicillin G is very effective in most 
patients. Resistance to tetracycline and macrocyclic vinegar 
is common but there are few cases of multi-drug resistance. 
Biofilm formation likely contributes to the virulence and 
drug resistance in S. suis [24]. For this patient, ceftriaxone 
and meropenem were used for empirical treatment before 
confirming the pathogen’s identification. After the identifica-
tion of S. suis and drug sensitivity results, ceftriaxone and 
penicillin were used for targeted treatment. The treatment 
effect was obvious.

Deafness is a distinct sequela (50.5% in Europe and 51.9% 
in Asia) after recovery from S. suis infection, especially in 
patients with meningitis [25]. When S. suis is confirmed as 
the pathogen of suppurative meningitis, the treatment regi-
men should be adjusted to avoid exposure to potential oto-
toxic antibiotics and corticosteroids in order to prevent and 
reduce the incidence of deafness complications. It is also 
an important measure to reduce the incidence of hearing 
loss and neurological sequelae by bringing all patients with 
S. suis infection into the management of multidisciplinary 
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teams, including otolaryngologists [26]. In addition, due to 
the lack of experience in this zoonotic disease and the dif-
ficulty of the microbiological diagnosis, a complete review 
is necessary to obtain key information and guide the clinical 
diagnosis of this infection [5, 27].
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