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Streptococcus suis is a zoonotic pathogen causing substantial economic losses to the pig industry, as well as being

a human health burden due to infections worldwide, especially in Southeast Asia. In Thailand, there was high

cumulative incidence in humans during 1987–2021, mostly in males. At least five large outbreaks have been

documented after the largest outbreak in China in 2005, which was related to the consumption of raw pork or

dishes containing pig’s blood. The major clinical features are sepsis or meningitis, with hearing loss a major

complication of S. suis disease. Thai human S. suis isolates have shown diversity in serotypes and sequence types

(STs), with serotype 2 and STs 1 and 104 being major genotypes. β-Lactam antibiotics can be used in empirical

treatment for human S. suis infections; however, intermediate resistance to penicillin has been reported. Reducing

S. suis incidence in Thailand requires a multidimensional approach, with combined efforts from the government

and public health sectors through policy, regulations, education, and active surveillance.

Streptococcus suis  serotype  sequence type  Thailand

1. Introduction

Streptococcus suis is a Gram-positive coccus bacterium responsible for major infections in pigs and significant

economic losses in the pig industry worldwide. The most important clinical manifestations associated with S. suis

infection in pigs are meningitis, arthritis, endocarditis, pneumonia, rhinitis, abortion, and vaginitis . It is also an

emerging zoonotic pathogen causing serious diseases in humans, including meningitis, sepsis, septic shock,

infective endocarditis, and septic arthritis . The number of reported human S. suis cases has substantially

increased, with Southeast Asian countries leading the counts, especially Thailand and Vietnam . Occupations

related to pigs or pork, exposure to pig or pork products, or the consumption of raw pork products are the main risk

factors of human infection .

S. suis is an encapsulated pathogen, with the capsular polysaccharide antigens being the basis for classification

into serotypes . Among 29 serotypes, serotype 2 is considered the most pathogenic and a frequent cause of

human disease worldwide . In Western countries, such as the United Kingdom, Spain, Germany, the

Netherlands, Canada, and the United States, as well as in Japan, China, and Hong Kong, most human S. suis

cases have occurred after occupational exposure involving pig handling among pig farmers, bleeders, abattoir

workers, carcass cutting and processing workers, butchers, and cooks . However, in Southeast Asian countries,

such as Thailand, Vietnam, and Indonesia, a nontrivial number of human cases has occurred in individuals

consuming meals containing raw pork meat, blood, and other related products . Two studies in Thailand showed
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that S. suis human infections were responsible for an estimated loss in productivity-adjusted life years to the gross

domestic product of USD11.3 million, which equates to USD36,033 lost per person and out-of-pocket expenses for

individuals and their families that averaged USD140 (GBP104 or THB5198) per patient .

2. Epidemiology of Human S. suis Infections in Thailand

In Thailand, S. suis infection was first described in 1987 in Bangkok, with two cases of meningitis . Before the

largest outbreak of human S. suis infection occurred in Sichuan province, China in 2005 , sporadic human cases

had been reported in several provinces in Thailand, especially in the north . One outbreak with

10 fatal cases due to septic shock was documented in 2000 in Lamphun province, northern Thailand, well before

the largest outbreak occurred in China . That study demonstrated that all cases were healthy men aged 40–49

years who were clustered during the same period and geographic area . All cases had a history of chronic

alcohol use and the consumption of raw pork or pig’s blood dishes prior to their illness .

National guidelines for human S. suis infections are not yet available in Thailand. However, the practice of S. suis

recruitment in the public health system is conducted using the R506 system (a daily case report of communicable

diseases) of the Ministry of Public Health that was initiated after the first large outbreak in 2007. As shown in

Figure 1, human cases reported in the system showed an increasing trend during 2011–2021. Although the

number of cases dropped in 2022, annual data were only up until September. Notably, these reported cases were

submitted by the hospital network where they could identify this bacterium. Thus, misidentification of S. suis as

other bacteria might have occurred, and this would not have been reported in that system . Therefore,

the reported human S. suis cases registered in the R506 system may be lower than the real situation.
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Figure 1. Human S. suis cases in Thailand 2011–2022 reported in R506 system by the Bureau of Epidemiology,

Department of Disease Control, Ministry of Public Health. For 2022, data are provided only up to September.

The national annual crude incidence is 0–0.381 per 100,000 persons . A study in Nakhon Phanom province

(northeastern Thailand) documented an annual incidence of 0.1–2.2 cases per 100,000 population for 2006–2012

. This differed from a study in 2010 that estimated human cases to be 730 per year in northern Thailand, with an

incidence of 6.2 per 100,000 of the general population . The reasons for these different rates are still unknown,

but ethnicity, tribe, cultural behavior, and lifestyle might all influence the S. suis infection rate .

3. Genotypes of Thai Human S. suis Strains

As shown in Table 1, for S. suis isolated from patients in Thailand, serotype 2 (93.4%) was dominant, followed by

serotypes 14 (5.2%), 24 (0.6%), 5 (0.4%), 4 (0.1%), 9 (0.1%), 31 (0.1%), and unencapsulated (0.1%), respectively

. MLST classified serotype 2 into five CCs: CC1, CC25, CC28, CC104, and CC233/379. Of these,

CC1 is a major CC of human S. suis infection in this country and ST1 is the main ST in CC1 , while serotype 14

was classified to only CC1, with ST105 predominant . For serotype 2, ST104, ST25, ST28, and ST233 were

the main STs in CC104, CC25, CC28, and CC233/379, respectively. Notably, STs 1 and 104 for serotype 2 are the

predominant STs in Thai human infections, and CC104, CC233/379, and CC221/234 are found exclusively in

Thailand .

Table 1. Distribution of genotypes of S. suis isolates from humans.
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Although most cases of Thai human S. suis infections had a history of consumption of raw pork dishes, there was

no direct evidence or laboratory investigation to confirm or prove the S. suis strains in the raw pork dishes that

were eaten because none of the raw pork dishes remained after consumption. Indirect investigation was conducted

with S. suis isolated from slaughterhouse pigs. Three studies showed S. suis strains isolated from pigs in Thailand

had genotypic profiles of PFGE, RAPD, MLST or combined techniques identical to the S. suis strains from humans

. For example, Kerdsin and colleagues (2020) demonstrated that 70.4% of isolates of S. suis serotypes 2

and 14 from slaughterhouse pigs revealed STs and PFGE patterns identical to the human isolates . Similarly to

Maneerat et al. (2013), the finding showed most of S. suis serotype 2 isolates collected from human patients and

pigs (diseased and asymptomatic) in different regions of Thailand had the same of ST, RAPD, and virulence-

associated gene profile , Such indirect evidence suggests the genetic relationships and confirms the possibility

of zoonotic transmission of S. suis isolates from pigs to humans for certain STs, especially ST1 and ST104, as well

as proving that slaughterhouse pigs are a reservoir of pathogenic human S. suis strains.

4. Antimicrobial Susceptibility

Other studies have revealed that Thai S. suis isolates were susceptible to penicillin . This contrasted with

Nakaranurack et al. (2017), who reported that 6 out of 11 Thai S. suis isolates were intermediately resistance to

penicillin, whereas cefotaxime and vancomycin were completely susceptible . However, a study in 2021

demonstrated that 448 S. suis isolates recovered from human infections in Thailand had 8.2% intermediate

resistance to penicillin, while they were all susceptible to cefepime and ceftriaxone .

Resistance to tetracycline (98.2%), clindamycin (94%), erythromycin (92.4%), and azithromycin (82.6%) with the

resistance genes tet(O) and ermB were the predominant determinant genes of tetracycline and erythromycin (also

macrolide-lincosamide–streptogramin B (MLS )) resistance detected in 448 S. suis isolates . Resistance to

tetracycline appeared common in S. suis from human infections worldwide , whereas the resistance
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rates to erythromycin were low in Poland, Hong Kong, and Vietnam . Although tet(O) is prevalent in human

S. suis in Thailand, the tet(M) gene is the most widespread in human S. suis in China and Vietnam . The

ermB gene was predominant in human isolates in Vietnam and Thailand, while mefA was present in Hong Kong 

. This may indicate differences in the local spread of tetracycline and erythromycin-resistance genes among

human S. suis isolates in different countries or geographical regions.

5. Public Health Control

Kerdsin et al. (2022) mentioned that sociocultural factors, including cultural, religious, and societal behaviors and

attitudes associated with the consumption of raw pork or pig’s blood play an important role in human infections .

Therefore, effecting a reduction in the human S. suis cases in Thailand requires a multidimensional approach

involving the government and community sectors. Enforcement is required of meat inspection regulations and

hygiene practices at pork processing facilities, as well as conducting food safety campaigns, establishing an

educational program on preventing this infection, and reducing behavior regarding the consumption of raw pork or

pig’s blood dishes.

Another study in Thailand showed the effectiveness of a food safety campaign . Overall, this campaign led to a

marked decrease in the annualized incidence of human S. suis disease, from 6.4/100,000 persons in 2010 (before

the campaign implementation) to 2.7/100,000 persons in 2011, then to 2.0/100,000 persons in 2012, and finally to

3.5/100,000 persons in 2013 . Finally, early diagnostics in S. suis suspected patients using rapid alternative

methods rather than traditional culture (a gold standard but slower) could facilitate prompt treatment and reduce

the mortality rate, as well as prompt epidemiological investigation .

6. Conclusions

Thai human S. suis isolates have diversified in serotypes and STs, with serotype 2 and STs 1 and 104 being the

majority in Thailand. In addition, serotype 14 with ST105 is also prevalent in the country. β-Lactam antibiotics can

be used in empirical treatment for human S. suis infections; however, intermediate resistance to penicillin has been

reported. This should be of concern and should be carefully monitored. Thai S. suis strains have been reported to

be highly resistant to macrolide and tetracycline.

Reducing human S. suis disease is Thailand requires a multidimensional approach combining government and

public health efforts through policy, regulations, and education, and active community involvement to effect

behavioral changes that are evidence-based but culturally sensible and acceptable, along with the implementation

in health-care systems of more rapid diagnostics and more relevant screening tools.
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