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Abstract 

Background: In recent times, meningitis, an infection primarily attributed to the 

zoonotic bacteria Streptococcus suis, has emerged as a significant public health 

concern in Bali, Indonesia. Their resistance to a multitude of antibiotics has emerged 

as a contemporary threat, as opposed to their virulence. There is a current lack of 

reported information regarding the genetic or phenotypic susceptibility pattern of S. 

suis to antibiotics in Bali. 

Objective: The objective of this research endeavor was to ascertain the antibiotic 

susceptibility pattern of S. suis isolates in Bali, either through phenotypic or genetic 

means.  

Methods: Glycerol stock isolates of S. suis from various specimen sources, including 

CSF, blood, and pleural fluid from April 2016 until April 2022 which had been 

assessed for species identification and antimicrobial susceptibility test (AST) using the 

VITEK 2 Compact (Biomeriuex®) were subjected to determine the serotype and 

antibiotic resistance genetically. 

Results: Successful isolation of sixty-six S. suis isolates occurred primarily from 

cerebrospinal fluid. The results demonstrated that all isolates exhibited phenotypic 

resistance to tetracycline, with one isolate (MKPNH0071) demonstrating co-resistance 

to tetracycline and erythromycin. It is additionally corroborated genetically through 

the amplification of the tetM gene in every isolate, including those that exhibited 

concurrent resistance to erythromycin and tetracycline. The intTn gene, a member of 

the conjugate transposon Tn916 family which plays a role as horizontal media gene 

transfer on plasmids for carrying the resistance genes ermB and tetM, was amplified 

in an isolate that exhibited tetracycline co-resistance with erythromycin 

(MKPNH0071).  

Conclusion: This research represents the initial investigation into the antibiotic 

resistance phenotype and genotype of S. suis serotype 2 (SS2) isolated from human 

subjects in Bali, Indonesia. Our findings suggest that the isolate of SS2 

(MKPNH0071), which demonstrated tetracycline co-resistance with erythromycin, 

might be facilitated by the horizontal acquisition of the genetic element Tn916. 
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INTRODUCTION 

 Pigs harbor the zoonotic pathogen Streptococcus suis. 

The upper respiratory tract of piglets, including the 

pharynx and tonsils, becomes colonized by this 

bacterium. Despite the fact that this bacterial 

colonization frequently results in the absence of 

symptoms (asymptomatic carrier status), the risk of 

invasive diseases such as sepsis, meningitis, endocarditis, 

pneumonia, and arthritis must be considered.1,2  
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  Human infections are also caused by emerging S. suis 

in Southeast Asia (Hong Kong, Thailand, Vietnam, and 

China).1,2,3 This zoonotic pathogen is the most common 

cause of bacterial meningitis in adults in Vietnam and 

Hongkong.3 Asia is documented as the region with the 

highest incidence of infections caused by this pathogen, 

at 0.8 cases per 100,000 individuals.2,3,4 There have been 

reports of this infection also emerging in Western 

European countries, albeit with an incidence rate that is 

ten times lower.4 In 2007, Wertheim documented 409 

human cases of S. suis infection, the majority of which 

originated in Southeast Asia.5 In 2008, instances of S. 

suis infection were identified in pig joint fluid samples 

collected in the Timika region of Papua, Indonesia.6 

Susilawathi et al. recently reported that 44 of the 71 

cases of bacterial meningitis collected at Sanglah Central 

General Hospital between 2014 and 2017 were 

confirmed to be meningitis caused by S. suis.7 

Among the 29 serotypes of S. suis, serotype 2 (SS2) is 

the most prevalent in both pigs and humans, causing 

infections.8,9,10 Serotype 2 continues to be the most 

prevalent in Europe, North America, South America, 

Asia, and Australia. Infection cases caused by S. suis 

exhibit a diverse distribution of serotypes across all 

geographical regions. North America (Canada) exhibits 

the highest prevalence of serotypes 1, 1/2, and 2. This is 

in contrast to South America, where serotypes 1/2, 2, and 

3 predominate. It has been reported that serotypes 2, 4, 

7, and 9 are more prevalent in Europe.4,11 Susilawathi et 

al. reported that serotypes 2 and 1/2 are the most 

frequently found in Indonesia.7 

  Given the lack of a viable vaccine against S. suis, 

there has been a growing reliance on antibiotics to 

manage and control infections caused by SS2. Among 

these, macrolides, β-lactams, tetracyclines, and 

sulfonamides are the most commonly prescribed.12,13 

With the escalating utilization of antibiotics to treat 

infections induced by SS2, a novel peril emerges: 

antibiotic resistance to this pathogen on a global scale. 

The most frequently reported antibiotic resistance 

among S. suis isolates was to macrolides (>70%) and 

tetracyclines (>90%).14 A research investigation was 

conducted at Prof. I.G.N.G. Ngoerah Hospital regarding 

antibiotic susceptibility of S. suis in Bali. The findings 

revealed that throughout the period from 2016 to 2021, 

all 55 clinical isolates of S. suis exhibited resistance to 

tetracycline.15 Human infections with S. suis that are co-

resistant to tetracycline and macrolide/lincosamide have 

been documented in multiple studies.4,16,17 The co-

resistance mechanism between tetracycline and 

macrolide/lincosamide is purportedly facilitated through 

the action of transposons Tn916, which belong to the 

transposon conjugate family and serve as a conduit for 

horizontal gene transfer on the SS2 plasmid.16 

  As the prevalence of antibiotic resistance in S. suis 

infections rises globally, preventative measures and 

suitable treatment are required to contain instances of 

this pathogen-caused antibiotic resistance. 

Consequently, this research was conducted to further the 

sample study initiated by Dwijayanti et al.15 

Additionally, the genetic analysis will be explored more 

deeply including the finding of co-resistance to 

tetracycline and macrolide/lincosamide isolate in this 

study. 

MATERIALS AND METHODS 

Ethics approval 

  This study was approved by The Research Ethics 

Committee of the Faculty of Medicine, Universitas 

Udayana (Denpasar, Bali, Indonesia) 

No:1387/UN14.2.2.VII.14/LT/2023 dated May 25, 2023 

 

Isolate information data 

  The isolate data, including species identification and 

antibiotic susceptibility, were obtained using the VITEK 

2 Compact (bioMérieux®) with the VITEK® 2 GP card 

and VITEK® 2 AST-ST03 card. These results were 

adjusted according to the 2021 Clinical Laboratory 

Standards Institute (CLSI) guidelines.18 The antibiotics 

Benzylpenicillin, Ampicillin, Cefotaxime, Ceftriaxone, 

Levofloxacin, Erythromycin, Clindamycin, Linezolid, 

Vancomycin, and Tetracycline were evaluated for 

susceptibility. Subsequently, the antibiotic susceptibility 

patterns of the S. suis serotype 2 clinical isolates in Bali 

were ascertained utilizing Microsoft Excel 2019. 

 

Bacterial isolate 

  From April 2016 to April 2022, we gathered 66 

bacterial isolates from various specimen sources e.g., 

cerebrospinal fluid, blood, and pleural fluid 

(Supplementary data). The inclusion criteria for this 

study were as follows: all S. suis isolates identified as S. 

suis by the VITEK® 2 GP card, with antimicrobial 

susceptibility testing (AST) performed using the 

VITEK® 2 AST-ST03 card; a complete microbiology 

request form; and a medical record.   

 

Bacterial culture conditions 

  A collection of 66 isolates of S. suis was maintained 

at a temperature of -80 °C in tryptic soy broth (TSB) 

media containing 50% glycerol. For further study, 66 

glycerol stock isolates of S. suis were cultivated on 5% 

defibrinated sheep blood agar plate (DSBAP) and 

incubated in 5% CO2 at 37 °C for 18 to 24 hours. All 66 

isolates were grown as colonies on DSBAP, reconfirmed 

as S. suis using VITEK 2 Compact (bioMérieux®), and 

then subjected to further investigation. 

 

Bacterial DNA isolation 

  S. suis chromosomal DNA was isolated utilizing a 

Roche High Pure PCR Isolation Kit Template (Roche 

Life Science, Indianapolis, U.S.A.). However, for 

antibiotic resistance genes that predominantly carried by 

plasmid DNA were extracted using the QIAprep® Spin 

Miniprep Kit (Qiagen, Hilden, Germany). S. suis colonies 

were suspended in 200 µl of phosphate-buffered saline 

(PBS) with a pH of 7.3. Isolation of DNA from the 

bacterial suspensions was carried out in accordance with 

the guidelines provided by the manufacturer. 

 

Polymerase Chain Reaction (PCR) condition 

  Primers designated for identification, genotyping, and 

antibiotic resistance genes were utilized in this 

investigation. The PCR was performed with Go Taq® 

Green Master Mix (Promega, Madison, USA) with 

primer concentrations of 0.3 M were utilized. Then, the 

amplicons were electrophoresed for 35 min on a 1.5% 

agarose gel in TBE buffer at 100 volts. The DNA was 
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visualized using GelRedTM Nucleic Acid Gel Stain 

(Biotium, Hayward, CA 94545) and then documented 

using Gel Doc (Bio-Rad). The PCR conditions 

corresponding to each primer pair are detailed in Table 

1.  

DNA sequencing 

  The positive control in this study was not included; 

however, the sample that successfully amplified the 

tetM, ermB, and lnuB genes target, respectively was then 

subjected to perform DNA sequencing commercially in 

1stBase (Selangor, Malaysia). The DNA sequencing 

results from each target gene were analyzed using 

SnapGene version 7.2.1. Then, the nucleotide sequence 

was aligned with sequence database using the BLAST® 

tool, which is available at the National Centre for 

Biotechnology Information (NCBI) platforms 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi). 

 

RESULTS 

The majority of specimen sources come from 

cerebrospinal fluid (CSF) 

  Based on the register data, 66 samples that satisfied 

the inclusion criteria were identified as S. suis. Based on 

the analysis of the 66 samples data, it was determined 

that cerebrospinal fluid (CSF) provided the greatest 

number of specimens, 51 (77.27%), followed by blood 

with 14 (21.21%), and one specimen source derived 

from pleural fluid (1.51%). 

 

Almost every isolate of S. suis was identified as SS2. 

  Based on the results of bacterial identification tests 

conducted using VITEK 2 Compact Automatic System 

(BioMérieux®) and the VITEK® 2 GP card, S. suis was 

identified in 66 of the samples analyzed. All samples 

underwent a second confirmation through the detection 

of recN, a gene that is conserved in S. suis. The findings 

indicated that the gene recN was amplified in every 

sample (data not shown). The entire sample was 

subsequently subjected to an additional serotype test, 

and the results determined that it belonged to S. suis 

serotype 2 (SS2) (data not shown). 

 

 

 

 

 

 

Table 1. Target gene and PCR primers used in this study 

Target 

genes 

Primer sequence 5’ – 3’ Amplicon 

size (bp) 

Temperature References 

S. suis genes target 

recN CTACAAACAGCTCTCTTCTAGTC 

ACAACAGCCAATTCATGGCGTGATT 

336 600C Ishida et al. 

Major S. suis serotype capsular genes 

cps2J GTTGAGTCCTTATACACCTGTT 

CAGAAAATTCATATTGTCCACC  

459 600C Nutravong et al. 

Macrolide Resistance Genes 

ermB GAAAAGGTACTCAACCAAATA 

AGTAACGGTACTTAAATTGTTTAC  

639 480C Gygax et al. 

Lincosamide Resistance Genes 

lnuB CCTACCTATTGTTTGTGGAA 
ATAACGTTACTCTCCTATTC  

944 470C Gygax et al. 

Tetracycline Resistance Genes 

tetM GTTAAATAGTGTTCTTGGAG 

CTAAGATATGGCTCTAACAA 

657 450C Agerso et al. 

Tn916-Like Transposon Family 

intTn GGTCTTCGTATTTCAGAGTTTGG 

GTTGCATGTGCGTAATAGTTCAG 

473 530C Agerso et al. 

 

 

 

 
Figure 1. Antibiotic susceptibility pattern of SS2 

Antibiotic susceptibility data was obtained from VITEK 2 
compact. This result showed that all isolates (100%) were 

susceptible toward Benzylpenicillin (BZP), Ampicillin 

(AMP), Cefotaxime (CTX), Ceftriaxone (CRO), 

Levofloxacin (LVX), Linezolid (LNZ), Vancomycin (VAN). 
However, all isolates (100%) resistance toward Tetracycline 

(TCY). Isolate MKPNH0071 which exhibited resistant to 

Tetracycline (TCY), also show resistance toward 

Erythromycin (ERY), and Clindamycin (CLI).  
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Antibiotic susceptibility pattern of SS2 

  Based on the data obtained from the 2021 Clinical 

Laboratory Standard Institute (CLSI) antibiotic 

susceptibility testing results using the VITEK 2 Compact 

Automatic System (BioMérieux®) with the VITEK® 2 

AST-ST03 card, it was observed that all samples (100%) 

showed that they were still susceptible to the following 

antibiotics: Benzylpenicillin/BZP; Ampicillin/AMP; 

Cefotaxime/CTX; Ceftriaxone/CRO; 

Levofloxacin/LVX; Linezolid/LNZ; Vancomycin/VAN. 

Conversely, all sample (100%) exhibited resistant 

toward Tetracycline/TCY. It is noteworthy that a sample 

MKPNH0071, which exhibited resistant to 

Tetracycline/TCY, also demonstrated resistant to 

Erythromycin/ERY and Clindamycin/CLI (Figure 1). 

 

 

The intTn gene was detected in the co-resistance 

tetracycline and erythromycin mechanism 

  When a test is carried out to detect the antibiotic 

resistance gene, namely tetracycline (tetM), 

erythromycin (ermB), and clindamycin (lnuB), the results 

obtained were that all samples (100%) amplified the 

tetracycline resistance gene (tetM) (Figure 2a) and only 

one sample (MKPNH0071) amplified the erythromycin 

resistance gene (ermB) (Figure 2b). None of the samples 

amplify the clindamycin resistance gene (lnuB) (Figure 

2c). In line with the discovery of the resistance gene to 

tetracycline (tetM) and erythromycin (ermB) on one 

sample (MKPNH0071), followed by gene detection 

intTn on that sample. The results showed that this sample 

also amplified the gene intTn (Figure 2d).  

  All target genes (tetM, ermB, and intTn) in sample 

MKPNH0071 were subjected to sequencing. The 

nucleotide sequences from the sequencing result were 

 
Figure 2. Agarose electrophoresis result of tetM, ermB, lnuB, and intTn gene at figure a, b, c, and d, respectively. M, indicated 

as a marker, 1 kb DNA ladder; N, indicated as negative control; 1, 2, 3, and 4, indicated as isolate ID number MKPNH0068, 

MKPNH0069, MKPNH0070, and MKPNH0071, respectively. a. The isolate MKPNH0071 successfully amplified the tetM 
gene with the expected PCR product size 657 bp, b. Among four isolates, only isolate MKPNH0071 successfully amplified 

the ermB gene with expected PCR product size 639 bp, c. The isolate MKPNH0071 did not amplify the lnuB gene with the 

expected PCR product size 944 bp, d. Isolate MKPNH0071 also successfully amplified the intTn gene with an expected PCR 

product size 473 bp. 
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aligned with references sequence using the BLAST® tool 

at NCBI. The aligning result showed that tetM, ermB, 

and intTn gene have 100% identity similarity with S. suis 

GX1 tet(M) gene for tetracycline resistance 

(GN_0482244.1), 100% identity similarity with 

Streptococcus pyogenes pDB101 erm(B) gene for 23S 

rRNA (NG_242280.1), and 99% identity similarity with 

Streptococcus agalactiae strain PHEGBS0082 

transposon Tn916 (OP715838.1), respectively. 

 

DISCUSSION 

  All isolates exhibited resistance to tetracycline, as 

indicated by the antibiotic susceptibility data and 

validated by the amplified tetracycline resistance gene 

(tetM) (100%). Both the tetM and tetO genes, which 

encode ribosomal protection protein, were prevalent in 

the tetracycline-resistant S. suis bacterium. Additionally, 

other studies have documented a higher carrier rate of 

the tetM gene in comparison to the tetO gene.23,24 

Subsequently, our research aligns with that of Uruen et 

al., who compiled publication data regarding the 

prevalence of antimicrobial resistance (AMR) across 

various antibiotic classes in S. suis isolates originating 

from Europe, Asia, and America. Notably, their study 

documented the highest rate of tetracycline resistance.14 

The escalating prevalence of tetracycline resistance can 

be attributed to the widespread use of this antibiotic to 

treat infectious diseases in food production animals, 

especially in intensive pig farming.14 Free access to 

antibiotics without a doctor’s prescription in Indonesia 

has led to unrestricted usage; consequently, become an 

AMR threat in Indonesia.25,26  

  The phenotypic findings derived from the VITEK 2 

data indicated that a single sample exhibited resistance 

to tetracycline and erythromycin/clindamycin. This was 

corroborated by the amplification of the tetracycline 

resistance gene (tetM) and the erythromycin resistance 

gene (ermB), but not the clindamycin resistance gene 

(lnuB). The observed co-resistance of S. suis serotype 2 

to tetracyclines and macrolides/lincosamides, is still 

infrequent. Similar findings were also reported by other 

researchers.27,28,29 Streptococcus sp. from clinical 

isolates that are resistant to macrolide frequently possess 

resistance genes encoded by ribosomal methylase (erm) 

and efflux (mef) genes.21 Our research aligns with the 

findings of Ye et al., who identified the ermB gene in 

every erythromycin-resistant isolate, thus validating its 

prevalence in S. suis type 2 in China.23 

  Furthermore, one sample of co-resistance to 

erythromycin and tetracycline also exhibits 

amplification of the intTn gene. The literature indicates 

that the intTn gene, which is a member of the conjugate 

transposon Tn916 family, was horizontally media gene 

transfer transferred for tetracycline resistance gene 

(tetM) and erythromycin resistance gene (ermB) onto 

plasmids S. suis serotype 2. This plasmid contains the 

tetracycline resistance gene (tetM) and the erythromycin 

resistance gene (ermB), which frequently results in co-

resistance to both antibiotics.4,16 Furthermore, the 

existence of components associated with Tn916 and 

tetM in S. suis serotype 2 may significantly contribute to 

the pathogenic nature of this bacterial pathogen.16 In 

contrast to the tetM and ermB genes, the lnuB gene was 

exclusively found in the TnGBS2 family and not the 

Tn916 family.4 The peculiar aspect is that instances of co-

resistance to tetracycline and erythromycin antibiotics 

are predominantly documented in pigs.16 It is possible 

that the transmission of the antibiotic resistance gene to 

humans occurred via contaminated meat harboring S. 

suis. 

  In contrast, while none of the isolates exhibited 

amplification of the clindamycin resistance gene (lnuB), 

one isolate demonstrated phenotypic resistance to 

clindamycin. This phenomenon can be delineated 

through the examination of two clindamycin-specific 

resistance mechanisms: the first pertains to an ABC 

transporter that is encoded by the lsaE gene, and the 

second concerns the target's modification by a 

nucleotidyl-transferase, which is either encoded by the 

lnuB or lnuC genes. In order to validate the resistance of 

our isolate to clindamycin, it is necessary to examine the 

remaining two clindamycin-resistant genes, namely lsaE 

and lnuC.4 Clindamycin resistance was uncommon in this 

study, which is a relatively low number in comparison to 

the resistance rates observed with tetracycline and 

erythromycin. 

 

CONCLUSIONS 

  This is the first investigation into the antibiotic 

resistance genotype and phenotype of S. suis serotype 2 

(SS2) obtained from human sources in Bali, Indonesia. 

According to the findings, the isolate of SS2 

(MKPNH0071) which demonstrated the occurrence 

tetracycline co-resistance with erythromycin might be 

facilitated by the horizontal acquisition of the genetic 

element Tn916. Further characterization of the mobile 

resistome of S. suis is imperative due to its potential to 

function as a reservoir of resistance genes for other 

species inhabiting the same habitats. This pathogen poses 

a threat to the health of both animals and humans and may 

also facilitate the transmission of antimicrobial resistance 

(AMR) genes between these species. In the coming years, 

this will be one of the global challenges that must be 

addressed in order to preserve essential antimicrobial 

activity. 
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