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ABSTRACT 
 

There has been uncertainty about Streptococcus suis (S. suis) causing disease in pig. Different inoculation routes 

might lead to different pathologic courses. Here, we provide data on experimental infection of weaning pigs with S. 

suis isolated from pigs with severe infections through intranasal (IN) and intravenous (IV) inoculation. Nine weaning 

landrace piglets were used as experimental animals. Three were inoculated with S. suis intranasally and three 

intravenously, each with 1x109CFU S. suis, while the other three were left uninoculated as control animals. Prior to 

inoculation, the animals were anesthetized using ketamine hydrochloride (10mg/BW) delivered intramuscularly. All 

control animals remained healthy throughout the study. Fever was observed in all IN and IV animals from 3 to 9 days 

post infection (dpi). Appetite loss was observed at 3 to 9dpi in the IN group and at 3 to 7dpi in the IV group. Diarrhea 

occurred in one animal in each group from 3-5dpi. Lameness was observed for one animal in the IN group. Body 

weights (bwt) on Day 14 of the IN, IV, and control group piglets were 11.93±0.83, 9.80±1.83, and 14.70±0.53kg, 

respectively. After 14 days, only four animals, three from the IN group and one from the IV group, showed 

pathological lesions of pneumonia and hemorrhage in the myocardium. Necropsied animals from both inoculation 

route groups showed inflammation in various organs. Using polymerase chain reaction, we identified S. suis from the 

culture of heart samples taken from animals with hemorrhage in the myocardium. We concluded that although 

producing a mild clinical course, S. suis isolated from severely diseased pigs causes multiorgan histological lesion 

development and slower weight gain. Appropriate vaccines against S. suis should reduce its financial and zoonotic 

impact.  
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INTRODUCTION 

 

Streptococcus suis (S. suis) is a zoonotic pathogen 

that causes septicemia and meningitis with life-

threatening sequelae in people. Its natural reservoir is 

pigs, and people may be infected after contact with pigs or 

pork (Lun et al. 2007). Cases of S. suis meningitis occur 

worldwide (Huong et al. 2014a), particularly in patients 

having occupational contact with pigs or pig products 

(Arends and Zanen 1988). Due to high pork consumption 

and traditional pork consumption customs based on 

uncooked pork delicacies, human S. suis infection is 

endemic in Asia (Wang et al. 2007; Mai et al. 2008; Nghia 

et al. 2011; Huong et al. 2014b; Takeuchi et al. 2017). The 

bacteria can cause significant economic losses in the pig 

industry (Goyette-Desjardins et al. 2014; Ma et al. 2018; 

Rayanakorn et al. 2021; Piccinini et al. 2022). 

The epidemiological pattern of S. suis infections in 

pigs and humans are usually sporadic. Our data from Bali, 

Indonesia, shows that there have been 44 confirmed cases 
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during August 2014 and December 2017 (Susilawathi et 

al. 2019), although the bacteria has been confirmed to be 

widely spread in pigs in that province (Besung et al. 

2019). A large cluster of zoonotic transmission of S. suis 

in the province that has been reported (Tarini et al. 2022) 

is considered unusual trough sharing common source of 

infected traditional food. Veterinary investigation in that 

cluster cases revealed that around 10% of pig tonsil 

specimens from private slaughtered houses were positive 

for S. suis (Tarini et al. 2022). All animals were without 

clinical symptoms.  

Experimental infection of an isolate of S. suis in Bali 

needs to be conducted. There has been uncertainty about 

S. suis causing disease in pigs and humans, as the agent is 

a commensal in the upper respiratory tract. Sub clinically 

infected pigs are carriers of S. suis mainly in the tonsils 

(Goyette-Desjardins et al. 2014). Different isolates can 

cause infections ranging from lethal systemic disease to 

asymptomatic disease, and there is no correlation between 

the capacity to cause disease in swine and genotype or 

serotype of an isolate (Nicholson et al. 2020). From 

another perspective, S. suis is considered a secondary 

pathogen within the porcine respiratory disease complex, 

and coinfection with other pathogens can significantly 

influence the severity of the disease (Obradovic et al. 

2021). In this regard, the term S. suis refers to the "two 

faces" of the pathobiont in the respiratory tract (Votsch et 

al. 2018). Colonization in the mucosa seems to lead to a 

maturation process of S. suis to a more invasive state, as 

has been indicated (Gottschalk and Segura 2000; Doran et 

al. 2016; Dutkiewicz et al. 2018). In other words, different 

routes might lead to different clinical and pathological 

courses of S. suis infection. 

Here, we provide data on experimental infection of 

weaning pigs with S. suis isolated from severely diseased 

pigs through intranasal and intravenous inoculation. 

 
MATERIALS AND METHODS 

 

Ethical approval for this experiment has been granted 

by the Ethics Committee of Animal Experiments of the 

Faculty of Veterinary Medicine, Udayana University, 

Bali, Indonesia, on June 6, 2019, number B/79/UN14.2.9/ 

PT.01.04/2019. 

A S. suis isolate from field cases of sick pigs and 

confirmed to be serotype 2 or ½ designated PPB5 (Besung 

et al. 2019) were used in this study. The isolate was 

aliquoted and preserved in a deep freezer (-80°C) with 

10% glycerol. The bacteria were sampled using an 

inoculation loop, spread on 5% sheep blood agar and 

incubated in a 37°C incubator with 5% CO2 for 24 hours. 

One colony was picked using a micropipette tip, 

inoculated into 2mL medium tryptic soy broth (TSB) and 

incubated for an additional 6h. Glutamate dehydrogenase 

(GDH), recombination/repair protein (recN) gene 

fragments, and cps2I for serotype 2 or ½ were 

reconfirmed as previously published (Susilawathi et al. 

2019). One hundred microliters of culture were added to 

50mL of TSB and cultured overnight. The bacterial 

culture was then washed using PBS through centrifugation 

at 4°C for 10min, which was repeated three times. The 

bacteria were resuspended in PBS in a final volume of 

10mL. Serial dilution cultures of 106-, 107-, 108-, and 109-

fold were made in a volume of one milliliter each. One 

hundred microliters of the dilution were spread on 5% 

blood agar in two agar plates. After overnight incubation, 

the number of colonies was counted, and the content of 

the culture in colony-forming units (CFUs)/mL was 

calculated. 

Nine weaning landrace piglets were used as 

experimental animals. The animals were collected from an 

isolated village in Bali, Indonesia, where no sign of S. suis 

has been reported. Three were inoculated with S. suis 

intranasally and three intravenously, and the other three 

were left uninoculated as control animals. The body 

weight of all animals was between 9-10kg. The animals 

were kept in separate cages with no direct contact between 

groups at the animal facility of the Disease Investigation 

Center Denpasar, Indonesia. All animals tested negative 

for S. suis in tonsil swab samples, that were assessed 

using the GDH primer set, and were free of antibody 

against S. suis, as detected using an ELISA with whole 

extract of a S. suis culture as a coating antigen. The 

animals were acclimatized for one week prior to 

inoculation. All animals had access to automatically 

delivered water. Feed was given twice per day with a 

commercial pig ratio. All staff working in the facility 

were protected with complete PPE, such as goggles, a 

head cover, waterproof shoe covers, an N95 mask, a 

gown, and waterproof boots. 

Bacterial inoculation in mice was conducted as the 

following. For intranasal inoculation, animals were 

anesthetized using ketamine hydrochloride (10mg/BW) 

delivered intramuscularly. The nasal cavity was rinsed 

with 1% acetic acid as previously published (Sun et al. 

2018). Three hours after acetic acid application, the 

animals were anesthetized, and 1x109CFU of S. suis was 

applied to the nasal cavity using a syringe without a 

needle. For intravenous inoculation, the animals were 

anesthetized, and one milliliter of bacterial suspension 

containing 1x109CFU was inoculated into the auricular 

vein. Measurement of body temperature and observation 

of clinical signs were conducted twice per day. Body 

weight was measured every three days. As none of the 

animals showed severe clinical signs, the animals were 

euthanized using pentobarbital delivered intravenously 

(100mg/BW) and necropsied at Day 14. Pathological 

examination was conducted for the following tissues: 

brain, trachea, lung, inguinal lymph nodes, esophagus, 

stomach, small intestine, large intestine, pancreas, liver, 

spleen, heart, kidney, urinary bladder, and knee joints. 

Upon necropsy, animals and organs were washed with a 

chlorine rinse. 

All tissue samples with or without macroscopic 

lesions were collected. All tissues were paraffin 

embedded following a standard protocol and stained with 

hematoxylin-eosin (HE) (Kiernan 2015). Tissue 

examination was conducted using a stereomicroscope at 

400x magnification. 

Heart samples were also taken from animals with 

hemorrhage in the myocardium before disinfection. The 

tissue was homogenized in PBS, cultured on 5% sheep 

blood agar and incubated in a 37°C incubator with 5% 

CO2 for 24h. Five colonies were grown separately in TSB  



Int J Vet Sci, 2023, 12(3): 443-449. 
 

 445 

and incubated overnight. The bacterium was identified 

using PCR of GDH. 

 

RESULTS 
 

The daily number of pigs showing clinical signs of 

fever, appetite loss, diarrhea, and lameness following 

intranasal (IN) and intravenous (IV) infection with S. suis 

as well as those of control pigs is presented in Table 1. All 

control animals remained healthy throughout the study. 

Fever was observed in all intranasally and intravenously 

inoculated animals from 3 to 9days post infection (dpi). 

Appetite loss was observed at 3 to 9dpi in the IN group 

and at 3 to 7dpi in the IV group. Diarrhea occurred in one 

animal in each group from 3-5dpi. Lameness was 

observed for one animal in the IN group. 

Body weights of the intranasal, intravenous, and 

control group pigs at Day 14 were 11.93±0.83, 9.80±1.83, 

and 14.70±0.53kg, respectively. The macroscopic lesions 

of animals harboring lesions are presented in Fig. 1. After 

14 days, only four animals, three from the IN group and 

one from the IV group, showed pathological lesions of 

pneumonia and hemorrhage in the myocardium. 

Histopathological findings of various tissues of two 

pigs from the S. suis intranasal and intravenous infection 

groups are presented in Table 2. Both necropsied animals 

from both inoculation route groups exhibited 

meningoencephalitis, tracheitis, interstitial pneumonia, 

gastritis, pancreatitis, hepatitis, perifollicular hemorrhage 

in the spleen, follicle activation in lymph nodes, 

interstitial glomerulonephritis, and cystitis. No sign of 

arthritis was observed. Microscopic lesions found in one 

animal of each group were esophagitis, colitis, and 

enteritis. Lesions found in the cerebellum were 

hemorrhage and meningitis in the IV group only in both 

necropsied animals. 

Using PCR of GDH, we identified S. suis from the 

culture of heart samples taken from animals with 

hemorrhage in the myocardium (data not shown). 

 

DISCUSSION 

 

The pathogenesis of S. suis infection seems very 

complex and involves the host, the infectious agent, and 

environmental factors. Although the most common 

serotype isolated from severe infections in pigs and 

humans is serotype 2 (Gottschalk et al. 2007; Feng et al. 

2014; Goyette-Desjardins et al. 2014; Kerdsin et al. 2018), 

and the serotype of the isolate under our research has been 

identified as serotype 2 or ½ and isolated from severely 

diseased pigs (Besung et al. 2019), in general, we 

produced only mild disease in our experiment. Different 

isolates can cause a spectrum of diseases from lethal 

systemic disease to an asymptomatic course, which is 

unrelated to genome size, serotype, sequence type, or in 

vitro virulence-associated phenotypes (Nicholson et al. 

2020). Therefore, S. suis can be considered a secondary 

pathogen within the porcine respiratory disease complex, 

and coinfection with other pathogens can influence the 

disease outcome (Obradovic et al. 2021). The term "two 

faces" for this pathobiont in the respiratory tract (Votsch 

et al. 2018) seems valid. In our study, the route of 

inoculation seemed to produce a slight difference in the 

clinical signs, as intranasal infection resulted in longer 

durations of fever, appetite loss, and lameness. 

Colonization in the mucosa seems to be needed toward a 

more invasive phenotype (Gottschalk and Segura 2000; 

Doran et al. 2016; Dutkiewicz et al. 2018).  

Mild clinical signs with no fatality, despite 

multiorgan histological involvement, were notable in our 

study. Clinically, all animals recovered after 9dpi without 

any treatment. Only one animal from each inoculation 

group exhibited diarrhea, and only one animal from the 

intranasal group showed lameness. Localized macroscopic 

lesions in the lung and heart were also observed in our 

study. Sun et al. (2018) managed to induce 

meningoencephalitis signs in pigs intranasally with an 

isolate from a pig with meningitis signs, while that from a 

pig with arthritis did not. However, Seele et al. (2018) 

produced severe clinical signs with intravenous 

inoculation in one-third of experimental pigs. The 

inflammatory response of individual animals seems 

responsible for this observation (Seele et al. 2018; Salogni 

et al. 2022). From an infectious agent point of view, other 

groups have reported that there is a strong association 

between serotype and the production of extracellular 

factors (EFs) (Wisselink et al. 2000). 

 

Table 1: Daily Number of pigs showing clinical sign of fever, appetite loss, diarrhea, and lameness following intranasal (IN) and 

Intravenous (IV) infection of S. suis isolated from pig in Bali – Indonesia. 

Observation day 

Clinical Signs 

Fever Appetite loss Diarrhea Lameness 

IN IV Control IN IV Control IN IV Control IN IV Control 

1 0/3 1/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 

2 0/3 1/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 

3 1/3 2/3 0/3 2/3 2/3 0/3 1/3 1/3 0/3 0/3 0/3 0/3 

4 3/3 3/3 0/3 3/3 3/3 0/3 1/3 1/3 0/3 1/3 0/3 0/3 

5 3/3 3/3 0/3 3/3 3/3 0/3 1/3 1/3 0/3 1/3 0/3 0/3 

6 3/3 3/3 0/3 3/3 3/3 0/3 0/3 0/3 0/3 1/3 0/3 0/3 

7 3/3 3/3 0/3 3/3 3/3 0/3 0/3 0/3 0/3 1/3 0/3 0/3 

8 3/3 3/3 0/3 1/3 0/3 0/3 0/3 0/3 0/3 1/3 0/3 0/3 

9 3/3 3/3 0/3 1/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 

10 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 

11 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 

12 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 

14 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 

The number of animals per group was three. 
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Fig. 1: Macroscopic lesions in the heart (above) and lung (bottom) of experimental pigs inoculated intranasally (IN) and intravenously 

(IV) with S. suis isolated from severe field cases. All intranasal infected animals (IN1-3) showed hemorrhage in both organs while 

only one out of three intravenously infected animal (IV1) show picture of hemorrhage in hearts as well as sign of emphysema in the 

lung. 

 

 
 
Fig. 2: Examples of histopathological pictures of various organs of experimental pigs inoculated intranasally and intravenously with S. 

suis isolated from severe field cases. Pictures is upper row are meningitis, tracheitis, bronchopneumonia, and pericarditis. Pictures in 

middle row are myocarditis, endocarditis, esophagitis, and gastritis. Pictures in bottom row are enteritis, hepatitis, perifollicular 

hemorrhage in spleen, and glomerulonephritis. Hematoxylin-Eosin; 400X. 

 

How to induce an inflammatory response and stimulate 

the culture to produce EFs that can lead to severe disease 

prior to inoculation remains to be elucidated.  

The route of inoculation seems to result in slightly 

different lesions. Different pathological findings were also 

seen in necropsy. All three animals from the intranasal 

group exhibited pneumonia and hemorrhage in the 

myocardium, while only one from the intravenous group 

showed the same lesions. Other animals showed no 

pathological lesions upon necropsy in any tissues 

examined. The organs outside of the lung and heart of all 

four animals were also clean without any remarkable 

changes. These results indicate again that our experiment 

tended to produce a mild lesion. As discussed above, 

colonization in the mucosa seems to result in a maturation 

process of S. suis. 
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Table 2: Histopathological impression of various tissues of two pigs from intranasal and intravenous infection of S. suis isolated from 

pig in Bali-Indonesia 

Organ Animal 

No. 

Intranasal Intravenous 

Brain 1 Congestion and inflammation predominantly 

neutrophil in meningen; Cerebellum normal 

Congestion and inflammation predominantly 

neutrophil in meningen and necrosis neuron; 

Congestion and inflammation with predominantly 

neutrophil in cerebellar meningen  
2 Severe congestion, haemorrhage, and 

inflammation predominantly neutrophil in 

meningen; Cerebellum normal 

Severe congestion, haemorrhage, and inflammation 

predominantly neutrophil in meningen as well as 

microglia proliferation; Congestion and 

inflammation with predominantly neutrophil in 

cerebellar meningen 

Trachea 1 Inflammation  Necrosis epithelia and sub-epithelial gland  
2 Inflammation Focal necrosis in epithelial cell and inflammation in 

subepithelial area  

Lung 1 Inflammation with predominant neutrophil from 

septa alveoli to bronchioles 

Inflammation with predominant neutrophil from 

septa alveoli to bronchioles; Haemorrhage in the 

bronchiole lumen; Macrophage in septa alveoli   
2 Inflammation with predominant neutrophil and 

haemorrhage from septa alveoli to bronchioles 

Inflammation with predominant neutrophil from septa 

alveoli to bronchioles; predominant macrophage  

Heart 1 Fibroblast proliferation with macrophage and 

neutrophil infiltration in pericardium, myocardium 

and endocardium  

Fibroblast proliferation with macrophage and 

neutrophil infiltration in pericardium, myocardium 

and endocardium  
2 Fibroblast proliferation with macrophage and 

neutrophil infiltration in pericardium 

Macrophage and neutrophil infiltration in 

myocardium  

Esophagus 1 Follicle activation and surrounding fibroblast 

activation 

Normal 

 
2 Normal Infiltration of macrophage sub-epithelial area  

Gastric 1 Macrophage and neutrophil infiltration in lamina 

propria  

Focal necrosis and inflammation in mucosa as well 

as inflammation in lamina muscularis   
2 Macrophage and lymphocyte infiltration in lamina 

propria  

Normal 

Intestine 1 Infiltration of macrophage and neutrophil in 

lamina propria  

Infiltration of macrophage and lymphocyte in the 

intestinal villi   
2 Infiltration of macrophage and neutrophil in 

lamina propria 

Congestion, haemorrhage and inflammation with 

macrophage and lymphocyte  

Colon 1 Neutrophil and macrophage infiltration around 

gland  

Lymphocyte and macrophage infiltration around 

gland   
2 Normal Normal 

Pancreas 1 Congestion between acinar cells  Normal  
2 Necrosis of acinar cells  Necrosis of acinar cells 

Liver 1 Congestion and inflammation in portal area  Congestion and inflammation in portal area  
2 Congestion and inflammation in portal area  Congestion and inflammation in portal area with 

swollen hepatocytes  

Spleen 1 Haemorrhage perifollicular  Haemorrhage perifollicular  
2 Congestion in medulla Haemorrhage perifollicular 

Inguinal 

Lymph 

Node 

1 Lymphoid follicle activation in cortex and 

medulla  

Lymphoid follicle activation in cortex and medulla 

 
2 Lymphoid follicle activation in cortex and 

medulla 

Lymphoid follicle activation in cortex and medulla 

Kidney 1 Swollen cells and inflammation in glomerulus and 

interstitial tissue. Congestion in glomerulus and 

intratubular tissue 

Swollen and necrotic cells and inflammation in 

glomerulus and intratubular tissue  

 
2 Necrotic in glomerulus and macrophage and 

neutrophil infiltration  

Swollen cells and inflammation in glomerulus. 

Macrophage infiltration in interstitial spaces  

Urinary 

Bladder 

1 Swollen cells and proliferation of epithelia and 

proliferation of fibroblast in sub-epithelial area  

Thickening of epithelia cells 

 
2 Swollen cells and proliferation of epithelia and 

proliferation of fibroblast in sub-epithelial area 

Normal  

 

Multiorgan involvement was remarkable in the 

histopathological findings. Both necropsied animals 

from both inoculation route groups showed the same 

tissue changes in various organs. A previous publication 

showed meningitis, pleuritis, peritonitis, synovialitis, 

splenitis, hepatitis, pneumonia or endocarditis (Seele et 

al. 2018), while other group (Sun et al. 2018; Wang et al. 

2022) reported encephaloma, purulent lung lesions, 

spleen swelling and infarction, kidney nephremia and 

hydrops articulation. Histologically, they described 

meningitis, such as neuronophagia, edema, and 

hyperemia, inflammatory cell infiltration and purulent 

lesions in lung tissue, and hyperemia in the kidney and 

spleen. 
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Slow body weight gain was evident in our study. 

Intravenous inoculation affected body weight more than 

intranasal inoculation. After two weeks of observation, the 

control group was 2.8kg and 4.1kg heavier than the 

intranasal and intravenous groups, respectively. 

Intravenous inoculation seemed to allow the bacterium to 

colonize various tissues. This indicator has never been 

observed in scientific publications. This is an important 

observation for pig production: S. suis might contribute to 

slow weight gain, and appropriate vaccines might affect 

the income of the industry. Although producing relatively 

mild clinical signs, Koch’s postulate was established in 

our study. S. suis was identified from the culture of heart 

samples taken from animals with hemorrhage in the 

myocardium. These findings should eliminate any 

hesitancy that S. suis is only a commensal agent of the 

upper respiratory tract of pigs. 

This study was conducted using conventional non-

specific pathogenic-free (non-SPF) pigs. The animals 

were collected from an isolated village in Bali, Indonesia, 

where no sign of S. suis has been reported, owned by a 

veterinarian and a coauthor. The animals were kept in 

separate cages with no direct contact among groups at the 

animal facility of the Disease Investigation Center 

Denpasar, Indonesia. All animals tested negative for S. 

suis and were free of antibody against S. suis. No direct 

contact was proven in our study, as control animals 

remained healthy clinically and pathologically throughout 

the study. No contamination among animals was identified. 

 

Conclusion 

Infection with S. suis isolated from severely diseased 

pigs causes a mild clinical course with multiorgan 

histological lesion development and slower weight gain. 

The presence of the bacterium in the pig industry could 

cause significant economic loss and a higher risk of 

human infection. Appropriate vaccines against S. suis 

should reduce its financial and zoonotic impact. 

 

Conflict of interest 

The authors declare that there is no conflict of interest 

regarding the publication of this article. 

 

Funding statement 

The project was funded by the Research Technology 

and Higher Education Ministry of Indonesia through 

Basic Research of Higher Education Excellence Contract 

No. 492.21/UN14.4. A/LT/2019, dated March 11, 2019. 

 

Acknowledgment 

We thank the animal housing staff of the Disease 

Investigation Center Denpasar. This manuscript has been 

professionally copy-edited by Nature Research Editing 

Service. 

 

Author Contribution 

IBO Winaya and NK Suwiti were responsible for 

pathologic evaluation. GN Mahardika and BK Mahardika 

were responsible for molecular works. P Wiliantari, NM 

Susilawathi, KK Agustina, PH Sudipa and INK Besung 

were conducting the animal experiment. IGK Suarjana 

and INK Besung were supervising bacteriological work. 

GN Mahardika and INK Besung drafted the manuscript. 

REFERENCES 

 
Arends JP and Zanen HC, 1988. Meningitis caused by 

Streptococcus suis in humans. Review of Infectious 

Diseases 10: 131-137. https://doi.org/10.1093/clinids/ 

10.1.131 

Besung INK, Suarjana IGK, Agustina KK, Winaya IBO, 

Soeharsono H, Suwiti NK and Mahardika GN, 2019. 

Isolation and identification of Streptococcus suis from sick 

pigs in Bali, Indonesia. BMC Research Notes 12: 795. 

https://doi.org/10.1186/s13104-019-4826-7 
Doran KS, Fulde M, Gratz N, Kim BJ, Nau R, Prasadarao N, 

Schubert-Unkmeir A, Tuomanen EI and Valentin-Weigand 

P, 2016. Host-pathogen interactions in bacterial meningitis. 

Acta Neuropathologica 131: 185-209. https://doi.org/ 

10.1007/s00401-015-1531-z 

Dutkiewicz J, Zajac V, Sroka J, Wasinski B, Cisak E, Sawczyn 

A, Kloc A and Wojcik-Fatla A, 2018. Streptococcus suis: a 

re-emerging pathogen associated with occupational 

exposure to pigs or pork products. Part II - Pathogenesis. 
Annals of Agricultural Environmental Medicine 25: 186-

203. https://doi.org/10.26444/aaem/85651 

Feng Y, Zhang H, Wu Z, Wang S, Cao M, Hu D and Wang C, 

2014. Streptococcus suis infection: an emerging/reemerging 

challenge of bacterial infectious diseases? Virulence 5: 477-

497. https://doi.org/10.4161/viru.28595 

Gottschalk M and Segura M, 2000. The pathogenesis of the 

meningitis caused by Streptococcus suis: the unresolved 
questions. Veterinary Microbiology 76: 259-272. 

https://doi.org/10.1016/s0378-1135(00)00250-9 

Gottschalk M, Segura M and Xu J, 2007. Streptococcus suis 

infections in humans: the Chinese experience and the 

situation in North America. Animal Health Research 

Reviews 8: 29-45. https://doi.org/10.1017/S146625230700 

1247 

Goyette-Desjardins G, Auger JP, Xu J, Segura M and Gottschalk 

M, 2014. Streptococcus suis, an important pig pathogen and 
emerging zoonotic agent-an update on the worldwide 

distribution based on serotyping and sequence typing. 

Emerging Microbes & Infections 3: e45. https://doi.org/ 

10.1038/emi.2014.45 

Huong VTL, Ha N, Huy NT, Horby P, Nghia HD, Thiem VD, 

Zhu X, Hoa NT, Hien TT, Zamora J, Schultsz C, Wertheim 

HF and Hirayama K, 2014a. Epidemiology, clinical 

manifestations, and outcomes of Streptococcus suis 

infection in humans. Emerging Infectious Diseases 20: 
1105-1114. https://doi.org/10.3201/eid2007.131594 

Huong VTL, Hoa NT, Horby P, Bryant JE, Van Kinh N, Toan 

TK and Wertheim HF, 2014b. Raw pig blood consumption 

and potential risk for Streptococcus suis infection, Vietnam. 

Emerging Infectious Diseases 20: 1895-1898. 

https://doi.org/10.3201/eid2011.140915 

Kerdsin A, Akeda Y, Takeuchi D, Dejsirilert S, Gottschalk M 

and Oishi K, 2018. Genotypic diversity of Streptococcus 
suis strains isolated from humans in Thailand. European 

Journal of Clinical Microbiology & Infectious Diseases 37: 

917-925. https://doi.org/10.1007/s10096-018-3208-8 

Kiernan JA, 2015. Histological and histochemical Method: 

Theory and Practice, 5 Edition. Scion, Oxford England. 

Lun ZR, Wang QP, Chen XG, Li AX and Zhu XQ, 2007. 

Streptococcus suis: an emerging zoonotic pathogen. The 

Lancet Infectious Diseases 7: 201-209. https://doi.org/ 

10.1016/S1473-3099(07)70001-4  
Ma F, Chang X, Wang G, Zhou H, Ma Z, Lin H and Fan H, 

2018. Streptococcus suis Serotype 2 Stimulates Neutrophil 

Extracellular Traps Formation via Activation of p38 MAPK 

and ERK1/2. Frontier in Immunology 9: 2854. 

https://doi.org/10.3389/fimmu.2018.02854 

Mai NT, Hoa NT, Nga TV, Linh le D, Chau TT, Sinh DX, Phu 

NH, Chuong LV, Diep TS, Campbell J, Nghia HD, Minh 

https://doi.org/10.1093/clinids/%2010.1.131
https://doi.org/10.1093/clinids/%2010.1.131
https://doi.org/10.1186/s13104-019-4826-7
https://doi.org/%2010.1007/s00401-015-1531-z
https://doi.org/%2010.1007/s00401-015-1531-z
https://doi.org/10.26444/aaem/85651
https://doi.org/10.4161/viru.28595
https://doi.org/10.1016/s0378-1135(00)00250-9
https://doi.org/10.1017/S146625230700%201247
https://doi.org/10.1017/S146625230700%201247
https://doi.org/%2010.1038/emi.2014.45
https://doi.org/%2010.1038/emi.2014.45
https://doi.org/10.3201/eid2007.131594
https://doi.org/10.3201/eid2011.140915
https://doi.org/10.1007/s10096-018-3208-8
https://doi.org/10.1016/S1473-3099(07)70001-4
https://doi.org/10.1016/S1473-3099(07)70001-4
https://doi.org/10.3389/fimmu.2018.02854


Int J Vet Sci, 2023, 12(3): 443-449. 
 

 449 

TN, Chau NV, de Jong MD, Chinh NT, Hien TT, Farrar J 

and Schultsz C, 2008. Streptococcus suis meningitis in 

adults in Vietnam. Clinical Infectious Diseases 46: 659-

667. https://doi.org/10.1086/527385 

Nghia HD, Tu le TP, Wolbers M, Thai CQ, Hoang NV, Nga TV, 

Thao le TP, Phu NH, Chau TT, Sinh DX, Diep TS, Hang 

HT, Truong H, Campbell J, Chau NV, Chinh NT, Dung 

NV, Hoa NT, Spratt BG, Hien TT, Farrar J and Schultsz C, 

2011. Risk factors of Streptococcus suis infection in 

Vietnam. A case-control study. PLoS One 6: e17604. 

https://dx.doi.org/10.1371%2Fjournal.pone.0017604 

Nicholson TL, Waack U, Anderson TK, Bayles DO, Zaia SR, 

Goertz I, Eppinger M, Hau SJ, Brockmeier SL and Shore 

SM, 2020. Comparative Virulence and Genomic Analysis 

of Streptococcus suis Isolates. Frontier in Microbiology 11: 

620843. https://doi.org/10.3389/fmicb.2020.620843 

Obradovic MR, Segura M, Segales J and Gottschalk M, 2021. 

Review of the speculative role of co-infections in 

Streptococcus suis-associated diseases in pigs. Veterinary 

Research 52: 49. https://doi.org/10.1186/s13567-021-00918 

Piccinini A, Ferri G, Olivastri A, Rossi F, Festino AR and 

Vergara A, 2022. Intradiaphragmatic abscesses in a wild 

boar (Sus scrofa): Inspective implications based on 

anatomopathological evidences. Italian Journal of Food 

Safety 11(3): 10346.https://doi.org/10.4081/ijfs.2022.10346 

Rayanakorn A, Ademi Z, Liew D and Lee LH, 2021. Burden of 

disease and productivity impact of Streptococcus suis 

infection in Thailand. PLoS Neglected Tropical Diseases 

15: e0008985. https://doi.org/10.1371/journal.pntd.0008985 

 Salogni C, Capucchio MT, Colombino E, Pozzi P, Pasquali P 

and Alborali GL, 2022. Bacterial polyarthritis in post-

weaning pigs in a high-density swine breeding area in 

Italy. Journal of Veterinary Diagnostic Investigation 34(4):  

709–711. https://doi.org/10.1177/10406387221090903 

Seele J, Tauber SC, Bunkowski S, Baums CG, Valentin-

Weigand P, de Buhr N, Beineke A, Iliev AI, Bruck W and 

Nau R, 2018. The inflammatory response and neuronal 

injury in Streptococcus suis meningitis. BMC Infectious 

Diseases 18: 297. https://doi.org/10.1186/s12879-018-

3206-6 

Sun Y, Liu H, Du R, Li S, Qu G, Zhu R, Zhao S, Gu J, Sun C, 

Feng X, Han W and Lei L, 2018. Characteristic 

Comparison of Meningitis and Non-meningitis of 

Streptococcus suis in an Experimentally Infected Porcine 

Model. Inflammation 41: 368-377. https://doi.org/ 

10.1007/s10753-017-0692-4 

Susilawathi NM, Tarini NMA, Fatmawati NND, Mayura PIB, 

Suryapraba AAA, Subrata M, Sudewi AAR and Mahardika 

GN, 2019. Streptococcus suis-Associated Meningitis, Bali, 

Indonesia, 2014-2017. Emerging Infectious Diseases 25: 

2235-2242. https://doi.org/10.3201/eid2512.181709 

Takeuchi D, Kerdsin A, Akeda Y, Chiranairadul P, Loetthong P, 

Tanburawong N, Areeratana P, Puangmali P, Khamisara K, 

Pinyo W, Anukul R, Samerchea S, Lekhalula P, Nakayama 

T, Yamamoto K, Hirose M, Hamada S, Dejsirilert S and 

Oishi K, 2017. Impact of a Food Safety Campaign on 

Streptococcus suis Infection in Humans in Thailand. 

American Journal of Tropical Medicine and Hygiene 96: 

1370-1377. https://doi.org/10.4269%2Fajtmh.16-0456 

Tarini NMA, Susilawathi NM, Sudewi AAR, Soejitno A, 

Fatmawati NND, Mayura IPB, Lestari AAW, Suputra G, 

Subrata IK, Astiti C, Besung INK and Mahardika GN, 

2022. A large cluster of human infections of Streptococcus 

suis in Bali, Indonesia. One Health 14: 100394. 

https://doi.org/10.1016/j.onehlt.2022.100394 

Votsch D, Willenborg M, Weldearegay YB and Valentin-

Weigand P, 2018. Streptococcus suis - The "Two Faces" of 

a Pathobiont in the porcine respiratory tract. Frontiers in 

Microbiology 9: 480. 

https://doi.org/10.3389/fmicb.2018.00480 

Wang G, Zeng YL, Liu HY and Xiong ZY, 2007. An outbreak 

of Streptococcus suis in Chengdu, China. The International 

Journal of Clinical Practice 61: 1056-1057. 

https://doi.org/10.1111/j.1742%201241.2007.01369.x 

Wang S, Wang G, Tang YD, Li S, Qin L, Wang M, Yang YB, 

Gottschalk M and Cai X, 2022. Streptococcus suis serotype 

2 infection induces splenomegaly with splenocyte 

apoptosis. Microbiology Spectrum e0321022. 

https://doi.org/10.1128/spectrum.03210-22 

Wisselink HJ, Smith HE, Stockhofe-Zurwieden N, Peperkamp K 

and Vecht U, 2000. Distribution of capsular types and 

production of muramidase-released protein (MRP) and 

extracellular factor (EF) of Streptococcus suis strains 

isolated from diseased pigs in seven European countries. 

Veterinary Microbiology 74: 237-248. 

https://doi.org/10.1016/s0378-1135(00)00188-7

 

https://doi.org/10.1086/527385
https://dx.doi.org/10.1371%2Fjournal.pone.0017604
https://doi.org/10.3389/fmicb.2020.620843
https://doi.org/10.4081/ijfs.2022.10346
https://doi.org/10.1371/journal.pntd.0008985
https://doi.org/10.1177/10406387221090903
https://doi.org/10.1186/s12879-018-3206-6
https://doi.org/10.1186/s12879-018-3206-6
https://doi.org/%2010.1007/s10753-017-0692-4
https://doi.org/%2010.1007/s10753-017-0692-4
https://doi.org/10.3201/eid2512.181709
https://doi.org/10.4269%2Fajtmh.16-0456
https://doi.org/10.1016/j.onehlt.2022.100394
https://doi.org/10.3389/fmicb.2018.00480
https://doi.org/10.1111/j.1742%201241.2007.01369.x
https://doi.org/10.1128/spectrum.03210-22
https://doi.org/10.1016/s0378-1135(00)00188-7

