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Abstract 

Background  Streptococcus suis (S. suis) is a major swine pathogen and a significant zoonotic agent, causing substan‑
tial economic losses in the swine sector and having considerable public health importance. The control and manage‑
ment of S. suis-related conditions has become increasingly challenging due to the multitude of involved serotypes 
with varying antimicrobial resistance patterns. Here, we report the serological distribution and antimicrobial suscepti‑
bility of S. suis isolates isolated form clinical samples of Hungarian large-scale swine farms.

Results  Between 2020 and 2023, altogether 296 S. suis isolates were obtained from diseased pigs of 64 Hungar‑
ian pig operations. Serotyping of the isolates was carried out by using molecular methods (cps-typing). The isolated 
strains belonged to 24 single cps-types. The most frequently detected cps-types during the four years of this passive 
survey were 9 (19.6%), 2 (19.3%), 1/2 (18.9%) and 7 (14.5%). The brain, spleen, endocardial valve thrombus and lung 
proved to be the most frequent site of S. suis strain isolation, and animals 29–75 days of age were affected in the high‑
est proportion.

Antimicrobial susceptibility testing of the isolates was performed by determining the minimal inhibitory 
concentration for 15 antimicrobial agents of veterinary and human importance using a commercial microdilution 
assay. More than 90% of the tested isolates proved to be susceptible to the examined beta-lactams, cephalosporins 
and florfenicol, as well as to rifampicin, trimethoprim/sulfamethoxazole and vancomycin. Phenotypic resistance 
profiles (resistotypes) of clindamycin-tetracyclin (3.8%), clindamycin-erythromycin-tetracyclin (8.4%) and clindamycin-
erythromycin-tetracyclin-trimethoprim / sulfamethoxazole (3.8%) were most frequently detected. Vancomycin 
resistance was observed in the case of 1 S. suis strain.

Conclusions  The dominance of S. suis cps-types 9, 2, 1/2 and 7 in Hungary over the four years of this study aligns 
with previous reports from several countries worldwide. The presence of highly susceptible S. suis isolates suggests 
a prudent antibiotic usage and treatment practice in the surveyed Hungarian swine operations. In contrary, the pres‑
ence of several resistotypes could indicate the problem of antibiotic resistance in the future.
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Background
S. suis is one of the major swine pathogens and an 
important emerging zoonotic agent [1, 2]. It was first 
reported in the 1950s causing meningoencephalitis and 
arthritis in piglets [3, 4] and was formally named as new 
species S. suis in 1987 [5]. Since then the bacterium has 
been reported globally in both extensive and intensive 
swine producing farms, causing serious economic losses 
in the sector [1].

S. suis is a natural inhabitant primarily of the upper 
respiratory (nasal cavities and tonsils), the lower genital 
and gastrointestinal tract of pigs [6, 7], therefore it is quite 
easy to detect from almost all pigs of any age [8]. Nearly 
all sows carry S. suis strains on their vaginal mucosa [9]. 
In addition to vertical transmission during farrowing 
[9], the bacterium can also be transmitted through 
direct, indirect and airborne routes [10]. Temperature 
fluctuation, high relative humidity, overcrowding and 
large age gaps between groups proved to be predisposing 
factors for increasing the carrier state of S. suis in pigs 
[11, 12].

S. suis can cause meningitis, polyserositis, arthritis, 
valvular endocarditis and pneumonia mainly during the 
postweaning period, as well as septicaemia leading to 
sudden death of 5–10 week-old pigs [1, 6, 13].

S. suis strains can be serologically classified on the 
basis of their capsular polysaccharide (CPS) antigens 
[14]. In total 35 serotypes (1–34 and 1/2) have been 
reported between 1966 and 1995. Serotypes 20, 22 and 
26 were recently reappraised as novel species S. parasuis 
as well as serotypes 32 and 34 are considered now as S. 
orisratti, on the basis of molecular approaches [15–18], 
and a novel Chz serotype was also proposed [19]. CPS 
switching of S. suis from serotype 2 to 3, 4, 7, 8, 9 or 
14 was experimentally demonstrated by full cps locus 
exchange, that indicates the possible serotype switching 
amongst different S. suis isolates [20].

Most S. suis infections in pigs are related to serotypes 
2 and 9, but the predominant serotypes causing 
invasive disease in pigs can vary [21, 22]. Several studies 
confirmed serotype 2 either alone [23–26] or together 
with serotype 1/2 [27] to be the most prevalent among S. 
suis isolates, and serotypes 3, 4, 5, 7 and 8 are also became 
more frequently detected [28]. The incidence of serotype 
3 detection had decreased, while that of serotype 9 and 
14 increased in recent years [22, 27–29]. Geographical 
distribution of serotypes showed similar pattern in 
Denmark, France, Italy, Spain and Japan with serotypes 9 
and 2 dominance [21–25]. Recent data revealed serotype 
7 as the most frequent amongst Czech isolates [30].

S. suis is an emerging zoonotic pathogen and serotype 
2 proved to be the most common cause of human cases 

[6] while rare serotypes, like 16 was also reported from a 
fatal human case [31].

Despite the widespread use of co-agglutination test 
for CPS serotyping in laboratory diagnostics [32], it 
is not discriminative enough to precisely differentiate 
S. suis strains [33], because of hydrophobic properties 
of certain strains as well as the presence of cross- and 
autoagglutination [28]. Because of the difficulties of 
agglutination tests, molecular methods such as capsular-
typing (cps-typing) by polymerase chain reaction 
(PCR) are widely used as an alternative approach for 
determining the serotype in the diagnostics of S. suis [34].

Control of S. suis infection is a source of concern 
for all participants of the swine industry [1], not only 
because of its negative economic consequences but also 
because of the zoonotic potential of the pathogen [2, 35]. 
In several countries, the control of S. suis infection is 
based on the use of antimicrobials, although the routine 
application of them contributes to the development of 
antimicrobial resistance (AMR) [21] and as a resistance 
reservoir, S. suis could play a role in the spread of AMR 
genes [36]. High rates of phenotypic resistance of S. 
suis isolates to lincosamides, macrolides, tetracyclines 
and sulphonamides were documented worldwide [37–
39]. The high prevalence of the combined phenotypic 
manifestation of the above mentioned resistance profiles 
(resistotypes) of S. suis strains draws attention to the 
importance of continuous AMR surveillance of the 
pathogen [39, 40].

The resistance of the bacterium to aminoglycosides, 
beta-lactams, chloramphenicol, fluoroquinolones and 
trimethoprim-sulfamethoxazole was also reported [41–
46], and a global tendency in increase of AMR in S. suis 
to aminoglycosides, cephalosporins, fluoroquinolones, 
macrolides, tetracycline and vancomycin could also be 
observed [39, 47–50].

Here we report the serological and AMR distribution 
of clinical S. suis isolates from Hungarian swine 
farms of different sizes. Our aim was to identify the 
most important serotypes causing clinical disease in 
Hungarian pig herds, to help the efficient selection of 
targets for autovaccines. We also would like to determine 
the most common phenotypic antimicrobial resistance 
profiles and assist in antimicrobial selection through 
reporting cumulative AMR data. This would be valuable 
information if an S. suis antibiotic susceptibility testing is 
not yet available for a particular herd.

Methods
S. suis isolates
Diagnostic samples were collected from 64 large-scale 
swine farms (counted at least 500 sows and their prog-
eny, either reared farrow-to-finish or as multisite) in 
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Hungary (farm data are anonymised, see Fig. 1) between 
1st January 2020 and 31st December 2023. Organ samples 
or respective swab samples and cadavers were sent to the 
Livestock Diagnostic Centre (Department of Pathology, 
University of Veterinary Medicine Budapest, Üllő, Hun-
gary) for laboratory diagnostics.

Samples were distinguished according to their 
organ origin and were assigned into four age groups 
(0–28  days—pre-weaning group; 29–75  days—growers; 
76–180 days—fatteners; 180 + —breeding sows).

Routine aerobic bacterial examination of the diagnostic 
samples was carried out on Columbia 5% sheep blood 
agar (Biolab, Budapest, Hungary) at 37 ± 1 °C for 24–48 h 
under normal atmospheric conditions. Colonies from 
primary cultures of presumptive streptococci were 
sub-cultured and identified on genus level using Gram-
staining and basic biochemical tests. The identification 
on species and subspecies level was carried out using 
API 20 Strep biochemical test kit (bioMérieux, Belgium). 
Isolates were stored at -80°C until further investigation.

Altogether 296 S. suis isolates were obtained. Yearly 
distribution of the isolates is summarized in Table 1.

Capsular typing of S. suis isolates
Bacterial nucleic acid was isolated from pure cultures 
of all isolates on an ongoing basis by using a direct lysis 
method, according to the manufacturer’s instructions 
(PrepMan Ultra, Thermo Fisher Scientific, Warrington, 
United Kingdom). For the detection of cps-types, a 

multiplex PCR system was implemented [34]. The PCR 
tests contained all primers for each recognized S. suis cps-
type and a primer set for the S. suis-specific glutamate 
dehydrogenase (gdh) sequence, the latter intended for 
species confirmation [34]. Cps-types 1/2 and 2 as well as 
1 and 14 were discriminated by using a mismatch ampli-
fication mutation assay PCR as previously described [51]. 
Since the gdh assay may detect closely related Streptococ-
cus spp. as well [34], isolates without detectable cps-type 
were confirmed to be S. suis applying a PCR proved to be 
more species-specific than the one incorporated into the 
multiplex cps-typing assay [52]. Isolates with uncertain 
or negative PCR results were sub-cultured a second time 
and re-tested (data not shown).

Antimicrobial resistance testing of S. suis isolates
Antimicrobial susceptibility testing of S. suis strains 
(n = 287) was performed by determining the minimal 
inhibitory concentration (MIC) for 15 antimicrobial 

Fig. 1  Geographical distribution of Hungarian swine farms involved in the study. Overall, 62 points are indicated on the map, because two farms 
are at the same settlement, and the origin of 1 sample in 2021 is unknown

Table 1  Yearly distribution of S. suis isolates

Year of isolation No. of isolates No. of farms 
of isolation

2020 55 16

2021 74 25

2022 68 24

2023 99 35
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agents with a commercial microdilution assay 
(MICRONAUT-S Lifestock/Equines GP, E1-299; 
Merlin Diagnostika GmbH, Berlin, Germany). Assays 
were carried out according to the manufacturer’s 
instructions. Breakpoints for ampicillin, cefquinome, 
ceftiofur, cefazolin, clindamycin, cefoxitin, enrofloxacin, 
erythromycin, florfenicol, gentamicin, penicillin G, 
rifampicin, trimethoprim/sulfamethoxazole, tetracycline 
and vancomycin to clinical categories were assigned 
automatically by the manufacturer’s software according 
to Clinical and Laboratory Standards Institute (CLSI) 
standards that were valid at the time the plates were 
defined. For antibiotics not listed in the above mentioned 
CLSI standards, the susceptible-intermediate-resistant 
(SIR) assessment was carried out in accordance with the 
recommendations of the Working Group on Antibiotic 
Resistance, German Veterinary Medical Society (DVG).

The full list of the antimicrobial compounds and 
the number of successfully tested S. suis isolates can 
be found in Table  2. Of the isolated 296 S. suis strains, 
a total of 287 could be successfully examined, due to 
laboratory technical failures or software analytical 
issues. In the case of clindamycin, cefoxitin, enrofloxacin, 
erythromycin and tetracycline further technical issues 
occurred and resulted the reduction of the number of 
the examined strains. Repeated testing of such isolates 
was not readily possible because the manufacturer had 
recently discontinued the production of the commercial 
microdilution assay used in our study.

Phenotypic antimicrobial resistance profiles (resisto-
types) were constructed based on resistance patterns. 

Resistotypes containing more than 6 antimicrobial agents 
as well as the presence of ampicillin resistance without 
penicillin G resistance are considered as technical errors 
and were excluded from the investigations.

Results
Capsular type, organ and production group distribution 
of S. suis isolates
Between 2020 and 2023, 24 single capsular-types (cps-
types) were found during the examination of the 296 S. 
suis isolates (Table 3). Capsular types of 1/2 or 2 and 14 
or 8 could not be distinguished in 1.69% and 0.34% of 
the samples, while in 1.35% of the cases cps-types could 
not be identified by the applied molecular methods [34], 
although the isolates were confirmed to be S. suis. Cps-
types 9 (19.6%), 2 (19.3%), 1/2 (18.9%) and 7 (14.5%) were 
detected most frequently during the 4 years of the passive 
survey. All other 20 detected single cps-types were 
identified in less than 3.5% of the isolates, moreover 11 
of them were found in less than 1% of the cases (Table 3).

In total 11, 14, 13 and 17 single cps-types were detected 
in 2020, 2021, 2022 and 2023, respectively. Between 2020 
and 2023 cps-types 1/2, 9 and 2 were identified in the 
highest proportion of the isolates.

Regarding the organ sites of isolation, the highest pro-
portion of S. suis strains were isolated from brain (27.7%), 
spleen (27.0%), endocardial valve thrombus (19.6%) and 
lung (11.8%) samples. In the case of lung samples, it 
should be considered that the isolation of S. suis might 
be a consequence of contamination from the upper res-
piratory tract. Only 7.1% of the isolates were cultured 

Table 2  Summarized data of AMR tests

Antimicrobial agent Range of observation 
(mg/L)

Number of S. suis isolates

2020–2023 2020 2021 2022 2023

Ampicillin 0.125–8 287 53 74 68 97

Cefquinome 2–4 287 53 74 68 97

Ceftiofur 0.125–4 287 53 74 68 97

Cefazolin 1–8 287 53 74 68 97

Clindamycin 0.125–2 277 53 74 58 96

Cefoxitin 2–4 286 53 74 67 97

Enrofloxacin 0.0625–2 286 53 74 67 97

Erythromycin 0.125–4 287 53 74 68 97

Florfenicol 1–8 284 53 74 67 95

Gentamicin 1–8 287 53 74 68 97

Penicillin G 0.125–8 287 53 74 68 97

Rifampicin 0.0625–4 287 53 74 68 97

Trimethoprim/sulfamethoxazole 0.25/4.75
4/76

287 53 74 68 97

Tetracycline 0.25–8 286 53 74 68 96

Vancomycin 0.5–16 287 53 74 68 97
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from synovial exudate samples. Cps-types 9 and 7 were 
most frequently isolated from brain samples (34.5% and 
32.6%), cps-type 2 from endocardial valve thrombus 
(29.8%), and cps-type 1/2 from spleen (41.1%) samples.

Regarding the age groups 9.5%, 68.2%, 13.2% and 
1.4% of the samples originated from the 0–28  days-
old (pre-weaning), the 29–75  days-old (growers), the 
76–180  days-old (fattener) and 180  days + (breeding 
sows) group, respectively. In case of 8% of the samples no 
age groups were assigned. The most frequent organ sites 
of origin of S. suis isolates in the two younger age groups 
(0–28 and 29–75  days), were brain and spleen (35.7% 
and 28.6%; 31.2% and 29.7% respectively), while in the 
finisher facility (76–180 days) 46.2% of the strains origi-
nated from endocardial valve thrombuses.

Assessing the frequency of cps-types in a certain age 
group, it was observed that cps-types 1/2 and 7 (both 
17.9%) were the most frequent in the pre-weaning 

period (0–28  days). In the youngest age group 14.3% of 
the isolated S. suis strains were cps-type 16, while only 
3.6% of the isolates were cps-type 2 and cps-type 9 was 
not detected at all. Altogether 20 single cps-types were 
detected from organ samples of pigs of 29–75  days of 
age. During the growing (29–75 days) and the fattening 
period (76–180  days) cps-types 2, 1/2 and 9 (19.3%, 
19.8% and 20.8%; 33.3%, 25,6% and 15.4% respectively) 
were predominant, while cps-type 7 was also frequently 
detected (16.3%) in the post weaning period.

Results of antimicrobial resistance testing of S. suis isolates
More than 90% of the tested isolates proved to be sus-
ceptible to the examined penicillin-derivates (ampi-
cillin, penicillin G), cephalosporins (cefquinome, 
ceftiofur, cefazolin, cefoxitin), florfenicol as well as to 
rifampicin, trimethoprim/sulfamethoxazole, and van-
comycin (Table 4). The percentage of susceptible strains 

Table 3  Organ and cps-type distribution of S. suis isolates between 2020 and 2023

N/A – not applicable. Numbers in brackets are given in percentage

cps-type 2020–2023 (%) Brain Spleen Endocardial 
thrombus

Lung Joint Pericardium N/A Vaginal swab Heart 
blood 
swab

Tonsil

9 58 (19.6) 20 18 9 7 1 2 – 1 – –

2 57 (19.3) 15 13 17 8 1 2 1 – – –

1/2 56 (18.9) 17 23 9 5 1 1 – – – –

7 43 (14.5) 14 9 7 5 5 3 – – – –

3 10 (3.4) 5 4 – 1 – – – – – –

1 9 (3.0) 2 3 2 – 2 – – – – –

4 9 (3.0) 2 3 1 1 – – 2 – – –

8 8 (2.7) 2 2 1 – – 3 – – – –

16 7 (2.4) – 1 3 – 3 – – – – –

14 5 (1.7) – 1 4 – – – – – – –

1/2 or 2 5 (1.7) – – 3 – – 1 – 1 – –

10 4 (1.4) – – 1 1 1 – 1 – – –

- 4 (1.4) 1 2 – 1 – – – – – –

21 3 (1.0) – – – 1 2 – – – – –

31 3 (1.0) – – – 1 2 – – – – –

5 2 (0.7) – – – 2 – – – – – –

6 2 (0.7) – – – – 2 – – – – –

24 2 (0.7) 1 1 – – – – – – – –

11 1 (0.3) – – – – 1 – – – – –

12 1 (0.3) – – 1 – – – – – – –

15 1 (0.3) – – – – – – – – – 1

18 1 (0.3) – – – 1 – – – – – –

19 1 (0.3) – – – 1 – – – – – –

25 1 (0.3) 1 – – – – – – – – –

28 1 (0.3) 1 – – – – – – – – –

29 1 (0.3) – – – – – – – – 1 –

14 or 8 1 (0.3) 1 – – – – – – – –

SUM 296 82 80 58 35 21 12 4 2 1 1



Page 6 of 10Albert et al. Porcine Health Management            (2025) 11:3 

to erythromycin and to clindamycin was 76.6% and 
71.8%, respectively. In case of gentamicin and enro-
floxacin, 68.3% and 66.1% of the isolates proved to be 
susceptible. Only 55.9% of the isolates showed suscepti-
bility to tetracycline and one appeared to be resistant to 
vancomycin (MIC = 2 μg/mL).

A single-peaked distribution of MIC values was 
observed in case of all examined antimicrobial agents 
except for clindamycin, erythromycin and tetracycline 
where the MIC values showed bimodal distribution.

Assessing the resistotypes of the examined S. suis 
strains, the clindamycin-erythromycin-tetracyclin 
combinate profile was found in 8.4%, and proved to be 
the most frequent resistance pattern.

The combination of clindamycin and erythromycin 
resistance could be observed in 19.1% of the isolates, 
while clindamycin and tetracycline resistance together 
were found in 22.3% of the strains. Strains having CLI-
ERY-TET resistotype were isolated from the age group 
of 29–75 days in 58.3% of the cases.

The resistotypes that could be observed in at least 
1.0% of the strains are shown in Table 5.

Discussion
S. suis is an increasingly significant opportunistic 
pathogen of pigs and has been reported to cause severe 

Table 4  MIC distribution and AMR results of S. suis isolates (2020–2023)

AMP—ampicillin; CEQ—cefquinome; CET—ceftiofur, CEZ—cefazolin, CLI—clindamycin, COX—cefoxitin, ENR—enrofloxacin, ERY—erythromycin, FLL—florfenicol, 
GEN—gentamicin (normal), PEN—penicillin G, RAM—rifampicin, T/S—trimethoprim/sulfamethoxazole, TET—tetracycline, VAN—vancomycin; S—susceptible; I—
intermediate; R—resistant; Red cells—resistant, yellow cells—intermediate, green cells – susceptible

Red, yellow and green cells indicate the dilution range tested

Values in the grey cells (red font colour) indicate MIC values over the highest concentration of the tested range

T/S was tested in a fixed 1:5 ratio, MIC values represent the trimethoprim concentration in the table

Table 5  Resistotypes of the examined S. suis isolates

Resistotypes that could be observed in more than 1% of the examined strains 
are shown

Resistotype %

TET 17.4

CLI-ERY-TET 8.4

CLI-TET 3.8

CLI-ERY-TET-T/S 3.8

CLI-ERY 2.1

ERY-TET 2.1

CLI 1.7

ERY 1.4

GEN 1.4

COX-TET 1.4

CLI-ERY-TET-T/S-COX 1.0



Page 7 of 10Albert et al. Porcine Health Management            (2025) 11:3 	

economic losses in the swine industry [23, 24, 27]. 
Determining the serotype or the cps-type of the isolated 
strains is crucial in understanding the epidemiology 
of the bacterium. Monitoring the antimicrobial 
susceptibility profiles of S. suis is also of great importance, 
given that this zoonotic pathogen is considered as a 
reservoir for antibiotic resistance and represents a high 
risk of transmission of resistance to other pathogens [49].

All S. suis strains in this study were isolated from tissues 
of diseased pigs exhibiting various lesions, with the brain 
and spleen being the most common organs of isolation. 
Since only organs with alterations were sampled in our 
passive survey, the detected bacteria most likely had 
contributed to the observed lesions. These data, however, 
are not aimed to indicate that the sole underlaying 
pathogen was S. suis of the experienced clinical and 
pathological conditions. This is especially true for the 
lungs, where the relevance of S. suis as a pathogen is 
still controversial. The bacterium is commonly found 
in the upper respiratory tract, and the mere presence of 
potentially virulent isolates does not necessarily lead to 
the manifestation of clinical symptoms [53].

The carrier rate of the S. suis is usually very high [54], 
and individual pigs are often colonized by multiple 
serotypes [55]. Cps-types 9, 2, 1/2 and 7 were detected 
most frequently, accounting for 72.3% of the isolates. 
The consistent presence and the high detection rate of 
cps-type 2 was observed, similar to previous findings in 
Japan [23], Denmark [45], Belgium, France, Germany, 
Italy, Spain, the Netherlands, the UK [25], Canada [27] 
and in the Czech Republic [30]. Cps-type 9 proved to 
be the most prevalent serotype between 2020 and 2023 
in Hungary. It has also emerged as an invasive and 
predominant cps-type in Switzerland [56, 57], Spain, 
Germany and in the Netherlands [21], despite it was 
formerly considered as a largely subclinical colonizer of 
the mucous membranes of swine [58]. A cps-type shift 
could be observed on a yearly basis: cps-type 1/2 was the 
predominant type in 2020 and in 2021, while cps-type 9 
could be detected in most of the isolated strains in 2022 
and 2023. The increase in the predominance of cps-type 
9 has also been described previously [27–29]. The spread 
of S. suis cps-type 9 could be facilitated by the selective 
advantage gaining due to the lack of immunity, induced 
by the widespread presence of cps-type 2 [59] and by the 
higher level of bacterial protection provided by the CPS 
of cps-type 9 [60].

Even though swollen joints and arthritis are important 
clinical signs and lesions of S. suis disease [6, 61], only 
7.1% of the isolates were isolated from joints in our 
survey. This aligns with observations reported from 
the Czech Republic, where only 5.0% of the isolates 
originated from joints [30].

The vast majority (74.0%) of the S. suis strains were 
isolated from samples of animals between 29 and 
75 days of age, which correlates with the literature data, 
indicating that diseased animals are usually between 5 
and 10 weeks of age [33, 62]. In this age group, cps-type 
9 proved to be the predominant serotype. Interestingly, 
cps-type 9 was not detected at all in the youngest age 
group (0–28 days), but a rare and potentially zoonotic 
cps-type 16 was detected in 14.3% of the cases [31, 63].

Along with previous studies [23, 25], the diseased 
brain (meninges and CNS as well) proved to be the 
most prevalent organ site of S. suis isolation in our 
survey. Isolation of S. suis form lungs was much less 
frequent during the four years of our survey, than it was 
previously reported [23–25, 30].

Despite several of the antimicrobial agents 
included in this commercial panel are neither used 
against streptococci nor in treatment of swine, such 
extensive AMR pattern of clinical S. suis isolates 
may have relevance e. g. in human medicine due to 
the zoonotic character of the pathogen. However, 
the high percentage of susceptible S. suis strains in 
our AMR examinations indicates a prudent practice 
of antibiotic treatment in the examined subset of 
Hungarian swine farms. The choice of antibiotics to 
treat S. suis disease should be based on the knowledge 
of local AMR patterns [61]. According to our results, 
beta-lactams, like penicillin and cephalosporins and 
other frequently used compounds, such as florfenicol, 
as well as trimethoprim/sulfamethoxazole could be 
useful antimicrobials for the treatment of S. suis-related 
conditions.

The presence of high percentage of S. suis isolates 
resistant to tetracyclines, macrolides and lincosamides 
was observed in our study as it was described previously 
[39, 40, 43–45]. A much lower degree of gentamicin 
resistance was formerly observed [44] than it was found 
in our study. It is important to highlight that differences 
in antimicrobial usage among countries may contribute 
to apparent differences in antimicrobial resistance 
patterns.

In treating multidrug-resistant human Gram-positive 
bacterial infections, vancomycin is one of the critical last-
line antimicrobial agents to use. In the last few years, a 
slight reduction could be observed in the susceptibility 
to vancomycin [47, 64–66]. According to our results only 
one S. suis strain appeared to be phenotypically resistant 
to vancomycin, but the result should be interpreted with 
caution, as the MIC value is located at the borderline 
between the susceptible and resistant zone. Further 
confirmatory tests for potential vancomycin resistance 
could not be performed, as the isolate did not survive 
storage.
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Although resistance genes were not examined in our 
survey, the phenotypic antimicrobial resistance data 
suggests the necessity of further genetic investigations. 
Data obtained in our passive survey underscore the 
importance of profiling S. suis isolates from pigs to 
monitor antimicrobial resistance trends and facilitate the 
early identification of emerging clones.

Conclusions
Our study confirmed the predominant presence of S. 
suis cps-types 2, 9, 1/2 and 7 on large-scale swine farms 
in Hungary. We have also detected increased occurrence 
of cps-type 9 in Hungary. A rare and potentially zoonotic 
cps-type 16 detected in pre-weaning pigs might raise to 
public health concern in case of farrowing house workers.

The high percentage of susceptible S. suis isolates in 
AMR tests may indicate prudent antibiotic practices 
on the examined Hungarian swine farms. However, the 
presence of isolates with CLI-ERY-TET resistotype, 
as well as of the presence of a probably vancomycin 
resistant isolate underline the possibility of challenges 
in antimicrobial treatment of S. suis infections. Further 
investigations should be carried out to determine the 
genetic background behind the observed resistance 
profiles of recent Hungarian S. suis isolates.

Abbreviations
AMR	� Antimicrobial resistance
CLSI	� Clinical Laboratory Standards Institute
CPS	� Capsular polysaccharide
cps-type	� Capsular-type
DVG	� German Veterinary Medical Society
gdh	� Glutamate dehydrogenase
ICE	� Integrative and conjugative elements
MIC	� Minimal inhibitory concentration
PCR	� Polymerase chain reaction
S. suis	� Streptococcus suis
SIR	� Susceptible-intermediate-resistant

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s40813-​024-​00419-0.

Additional file 1.

Acknowledgements
The authors thank Ms Edit Csuka and Ms Ágnes Vu for their excellent technical 
assistance, and Julia Gilbert DVM for proofreading the manuscript.

Author contributions
IB, EA: experimental design. EA, EIK, KK, TR: collection and analysis of the 
samples. EA, KKJ: summarising and analysing raw data; text elaboration of the 
manuscript; interpretation of materials and methods, results, discussion and 
conclusions. IB: supervision of the activities. The authors read and approved 
the final manuscript.

Funding
Open access funding provided by University of Veterinary Medicine. This study 
was supported by the intramural strategic research fund of the University of 
Veterinary Medicine, Budapest (Grant No. SRF-001).

Availability of data and materials
The data supporting the conclusions of this article are included within the 
article and in the supplementary material. The data used and/or analyzed 
during the current study are available from the corresponding author on 
reasonable request.

Declarations

Ethics approval and consent to participate
The cadavers and organ collections were referred to the Livestock Diagnostic 
Centre (Department of Pathology, University of Veterinary Medicine 
Budapest, Üllő, Hungary) for laboratory diagnostics. All the investigations 
were performed on deceased animals and organs of them, therefore ethics 
approval and a consent to participate are not applicable, as well as no 
protocol approval of any ethical committee was required. Informed consent 
was received from all animal owners.

Consent for publication
Not applicable.

Competing interests
None other than the authors had an interest in the outcome of the current 
work. All the processes in this work, including conception, planning, research 
design, analysis and preparing the manuscript were decided by the authors, 
independently from any of interests. Thus, the authors have no conflicts of 
interest to declare regarding the publication of this article. The authors declare 
no competing interests.

Author details
1 Department of Pathology, University of Veterinary Medicine Budapest, Üllő, 
Hungary. 2 Institute of Metagenomics, University of Debrecen, Debrecen, 
Hungary. 3 SCG Diagnosztika Kft., Délegyháza, Hungary. 4 Ceva-Phylaxia Zrt., 
Budapest, Hungary. 

Received: 5 September 2024   Accepted: 22 December 2024

References
	1.	 Segura M, Fittipaldi N, Calzas C, Gottschalk M. Critical streptococ‑

cus suis virulence factors: are they all really critical? Trends Microbiol. 
2017;25:585–99.

	2.	 Feng Y, Zhang H, Wu Z, Wang S, Cao M, Hu D, et al. Streptococcus suis 
infection. Virulence. 2014;5:477–97.

	3.	 Jansen E, Van Dorssen C. Meningoencephalitis bij varkens door strepto‑
coccen. Tijdschr Diergeneeskd. 1951;76:815–32.

	4.	 Field HI, Buntain D, Done JT. Studies on piglet mortality. I. Strep-tococcal 
meningitis and arthritis. Vet Rec. 1954;66:453–5. https://​doi.​org/​10.​5555/​
19552​200564.

	5.	 Kilpper-Balz R, Schleifer KH. Streptococcus suis sp. Nov., nom. rev. 
Int J Syst Bacteriol. 1987;37:160–2. https://​doi.​org/​10.​1099/​00207​
713-​37-2-​160.

	6.	 Zimmerman JJ, Karriker LA, Ramirez A, Schwartz KJ, Stevenson GW, Zhang 
J. In: Gottschalk M, Segura M, editors. Diseases of Swine—Streptococco‑
sis. 11th ed. Hoboken: Wiley; 2019. p. 934–50.

	7.	 Quinn PJ, Markey BK, Leonard FC, FitzPatric ES, Fanning S, Hartigan PJ. 
Veterinary Microbiology and Microbial Disease Streptococci. 2nd ed. 
Hoboken: Wiley; 2011. p. 188–95.

	8.	 MacInnes JI, Gottschalk M, Lone AG, Metcalf DS, Ojha S, Rosendal T, et al. 
Prevalence of Actinobacillus pleuropneumoniae, Actinobacillus suis, 
Haemophilus parasuis, Pasteurella multocida, and Streptococcus suis in 
representative Ontario swine herds. Can J Vet Res. 2008;72:242–8.

https://doi.org/10.1186/s40813-024-00419-0
https://doi.org/10.1186/s40813-024-00419-0
https://doi.org/10.5555/19552200564
https://doi.org/10.5555/19552200564
https://doi.org/10.1099/00207713-37-2-160
https://doi.org/10.1099/00207713-37-2-160


Page 9 of 10Albert et al. Porcine Health Management            (2025) 11:3 	

	9.	 Amass SF, Clark LK, Wu CC. Source and timing of Streptococcus suis infec‑
tion in neonatal pigs: implications for early weaning procedures. J Swine 
Health Prod. 1995;3:189–93.

	10.	 Berthelot-Hérault F, Gottschalk M, Labbé A, Cariolet R, Kobisch M. Experi‑
mental airborne transmission of Streptococcus suis capsular type 2 in 
pigs. Vet Microbiol. 2001;82:69–80.

	11.	 Dee SA, Carlson AR, Winkelman NL, Corey MM. Effect of management 
practices on the Streptococcus suis carrier rate in nursery swine. J Am Vet 
Med Assoc. 1993;203:295–9.

	12.	 Torremorell M, Pijoan C. Prolonged persistence of an epidemic Strepto‑
coccus suis strain in a closed pig population. Vet Rec. 1998;143:394–5.

	13.	 Higgins R, Gottschalk M. Distribution of Streptococcus suis capsular types 
in 1999. Can Vet J. 2000;41:414.

	14.	 Okura M, Osaki M, Nomoto R, Arai S, Osawa R, Sekizaki T, et al. Current 
taxonomical situation of Streptococcus suis. Pathogens. 2016;5:45.

	15.	 Chatellier S, Harel J, Zhang Y, Gottschalk M, Higgins R, Devriese LA, 
et al. Phylogenetic diversity of Streptococcus suis strains of various 
serotypes as revealed by 16S rRNA gene sequence comparison. Int 
J Syst Evol Microbiol. 1998;48:581–9. https://​doi.​org/​10.​1099/​00207​
713-​48-2-​581.

	16.	 Hill JE, Gottschalk M, Brousseau R, Harel J, Hemmingsen SM, Goh SH. 
Biochemical analysis, cpn60 and 16S rDNA sequence data indicate 
that Streptococcus suis serotypes 32 and 34, isolated from pigs, are 
Streptococcus orisratti. Vet Microbiol. 2005;107:63–9.

	17.	 Tien LHT, Nishibori T, Nishitani Y, Nomoto R, Osawa R. Reappraisal of 
the taxonomy of Streptococcus suis serotypes 20, 22, 26, and 33 based 
on DNA-DNA homology and sodA and recN phylogenies. Vet Micro‑
biol. 2013;162:842–9.

	18.	 Nomoto R, Maruyama F, Ishida S, Tohya M, Sekizaki T, Osawa R. 
Reappraisal of the taxonomy of Streptococcus suis serotypes 20, 22 
and 26: Streptococcus parasuis sp. nov. Int J Syst Evolut Microbiol. 
2015;65:438–43. https://​doi.​org/​10.​1099/​ijs.0.​067116-0.

	19.	 Pan Z, Ma J, Dong W, Song W, Wang K, Lu C, et al. Novel variant sero‑
type of Streptococcus suis isolated from piglets with meningitis. Appl 
Environ Microbiol. 2015;81:976–85.

	20.	 Okura M, Auger JP, Shibahara T, Goyette-Desjardins G, Van Calsteren 
MR, Maruyama F, et al. Capsular polysaccharide switching in Strepto‑
coccus suis modulates host cell interactions and virulence. Sci Rep. 
2021;11:6513.

	21.	 Goyette-Desjardins G, Auger JP, Xu J, Segura M, Gottschalk M. Strep‑
tococcus suis, an important pig pathogen and emerging zoonotic 
agent-an update on the worldwide distribution based on serotyping and 
sequence typing. Emerg Microbes Infect. 2014;3: e45.

	22.	 Li K, Lacouture S, Lewandowski E, Thibault E, Gantelet H, Gottschalk M, 
et al. Molecular characterization of Streptococcus suis isolates recovered 
from diseased pigs in Europe. Vet Res. 2024;55:117. https://​doi.​org/​10.​
1186/​s13567-​024-​01366-y.

	23.	 Kataoka Y, Sugimoto C, Nakazawa M, Morozumi T, Kashiwazaki M. The 
epidemiological studies of Streptococcus suis infections in Japan from 
1987 to 1991. J Vet Med Sci. 1993;55:623–6.

	24.	 Aarestrup FM, Jorsal SE, Jensen NE. Serological characterization and 
antimicrobial susceptibility of Streptococcus suis isolates from diagnostic 
samples in Denmark during 1995 and 1996. Vet Microbiol. 1998;60:59–66.

	25.	 Wisselink HJ, Smith HE, Stockhofe-Zurwieden N, Peperkamp K, Vecht U. 
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. Vet Microbiol. 
2000;74:237–48.

	26.	 Petrocchi-Rilo M, Martínez-Martínez S, Aguarón-Turrientes Á, Roca-
Martínez E, García-Iglesias MJ, Pérez-Fernández E, et al. Anatomical site, 
typing, virulence gene profiling, antimicrobial susceptibility and resist‑
ance genes of Streptococcus suis isolates recovered from pigs in Spain. 
Antibiotics (Basel). 2021;10:707.

	27.	 Lacouture S, Olivera YR, Mariela S, Gottschalk M. Distribution and 
characterization of Streptococcus suis serotypes isolated from January 
2015 to June 2020 from diseased pigs in Québec. Canada Can J Vet Res. 
2022;86:78–82.

	28.	 Gottschalk M, Lacouture S. Canada: Distribution of Streptococcus suis 
(from 2012 to 2014) and Actinobacillus pleuropneumoniae (from 2011 to 
2014) serotypes isolated from diseased pigs. Can Vet J. 2015;56:1093–4.

	29.	 Gottschalk M, Lacouture S, Bonifait L, Roy D, Fittipaldi N, Grenier D. 
Characterization of Streptococcus suis isolates recovered between 
2008 and 2011 from diseased pigs in Québec, Canada. Vet Microbiol. 
2013;162:819–25.

	30.	 Zouharová M, Šimek B, Gebauer J, Králová N, Kucharovičová I, Plodková 
H, et al. Characterisation of Streptococcus suis isolates in the Czech 
republic collected from diseased pigs in the years 2018–2022. Pathogens. 
2022;12:5.

	31.	 Nghia HDT, Hoa NT, Linh LD, Campbell J, Diep TS, Chau NVV, et al. Human 
case of Streptococcus suis serotype 16 infection. Emerg Infect Dis. 
2008;14:155–7.

	32.	 Gottschalk M, Higgins R, Boudreau M. Use of polyvalent coagglutina‑
tion reagents for serotyping of Streptococcus suis. J Clin Microbiol. 
1993;31:2192–4.

	33.	 Cloutier G, D’Allaire S, Martinez G, Surprenant C, Lacouture S, Gottschalk 
M. Epidemiology of Streptococcus suis serotype 5 infection in a pig herd 
with and without clinical disease. Vet Microbiol. 2003;97:135–51.

	34.	 Kerdsin A, Akeda Y, Hatrongjit R, Detchawna U, Sekizaki T, Hamada S, et al. 
Streptococcus suis serotyping by a new multiplex PCR. J Med Microbiol. 
2014;63:824–30.

	35.	 Baums CG, Verkühlen GJ, Rehm T, Silva LMG, Beyerbach M, Pohlmeyer K, 
et al. Prevalence of Streptococcus suis genotypes in wild boars of North‑
western Germany. Appl Environ Microbiol. 2007;73:711–7.

	36.	 Palmieri C, Varaldo PE, Facinelli B. Streptococcus suis, an emerging drug-
resistant animal and human pathogen. Front Microbiol. 2011. https://​doi.​
org/​10.​3389/​fmicb.​2011.​00235/​full.

	37.	 Zheng H, Du P, Qiu X, Kerdsin A, Roy D, Bai X, et al. Genomic comparisons 
of Streptococcus suis serotype 9 strains recovered from diseased pigs in 
Spain and Canada. Vet Res. 2018;49:1.

	38.	 Princivalli MS, Palmieri C, Magi G, Vignaroli C, Manzin A, Camporese A, 
et al. Genetic diversity of Streptococcus suis clinical isolates from pigs 
and humans in Italy (2003–2007). Eurosurveillance. 2009. https://​doi.​org/​
10.​2807/​ese.​14.​33.​19310-​en.

	39.	 Varela NP, Gadbois P, Thibault C, Gottschalk M, Dick P, Wilson J. Antimi‑
crobial resistance and prudent drug use for Streptococcus suis. Animal 
Health Res Rev. 2013;14:68–77.

	40.	 Vela AI, MiguelA M, Cebolla JA, González S, Latre MV, Domínguez L, et al. 
Antimicrobial susceptibility of clinical strains of Streptococcus suis isolated 
from pigs in Spain. Vet Microbiol. 2005;105:143–7.

	41.	 Holden MTG, Hauser H, Sanders M, Ngo TH, Cherevach I, Cronin A, 
et al. Rapid evolution of virulence and drug resistance in the emerging 
zoonotic pathogen Streptococcus suis. PLoS ONE. 2009;4: e6072.

	42.	 Hu P, Yang M, Zhang A, Wu J, Chen B, Hua Y, et al. Comparative genomics 
study of multi-drug-resistance mechanisms in the antibiotic-resistant 
Streptococcus suis R61 strain. PLoS ONE. 2011;6:e24988. https://​doi.​org/​
10.​1371/​journ​al.​pone.​00249​88.

	43.	 Zhang C, Ning Y, Zhang Z, Song L, Qiu H, Gao H. In vitro antimicrobial 
susceptibility of Streptococcus suis strains isolated from clinically healthy 
sows in China. Vet Microbiol. 2008;131:386–92.

	44.	 Wisselink HJ, Veldman KT, Van den Eede C, Salmon SA, Mevius DJ. Quan‑
titative susceptibility of Streptococcus suis strains isolated from diseased 
pigs in seven European countries to antimicrobial agents licenced in 
veterinary medicine. Vet Microbiol. 2006;113:73–82.

	45.	 Aarestrup FM, Rasmussen SR, Artursson K, Jensen NE. Trends in the resist‑
ance to antimicrobial agents of Streptococcus suis isolates from Denmark 
and Sweden1. Vet Microbiol. 1998;63:71–80.

	46.	 Takamatsu D, Osaki M, Sekizaki T. Chloramphenicol resistance transpos‑
able element TnSs1 of Streptococcus suis, a transposon flanked by IS6-
family elements. Plasmid. 2003;49:143–51.

	47.	 Du F, Lv X, Duan D, Wang L, Huang J. Characterization of a linezolid- and 
vancomycin-resistant Streptococcus suis isolate that harbors optrA and 
vanG operons. Front Microbiol. 2019. https://​doi.​org/​10.​3389/​fmicb.​2019.​
02026/​full.

	48.	 Segura M, Aragon V, Brockmeier SL, Gebhart C, Greeff A de, Kerdsin A, 
et al. Update on Streptococcus suis research and prevention in the era 
of antimicrobial restriction. In: 4th International Workshop on S. suis. 
Pathogens. 2020;9:374

	49.	 Huang J, Ma J, Shang K, Hu X, Liang Y, Li D, et al. Evolution and diversity of 
the antimicrobial resistance associated mobilome in Streptococcus suis: a 
probable mobile genetic elements reservoir for other Streptococci. Front 
Cell Infect Microbiol. 2016. https://​doi.​org/​10.​3389/​fcimb.​2016.​00118.

https://doi.org/10.1099/00207713-48-2-581
https://doi.org/10.1099/00207713-48-2-581
https://doi.org/10.1099/ijs.0.067116-0
https://doi.org/10.1186/s13567-024-01366-y
https://doi.org/10.1186/s13567-024-01366-y
https://doi.org/10.3389/fmicb.2011.00235/full
https://doi.org/10.3389/fmicb.2011.00235/full
https://doi.org/10.2807/ese.14.33.19310-en
https://doi.org/10.2807/ese.14.33.19310-en
https://doi.org/10.1371/journal.pone.0024988
https://doi.org/10.1371/journal.pone.0024988
https://doi.org/10.3389/fmicb.2019.02026/full
https://doi.org/10.3389/fmicb.2019.02026/full
https://doi.org/10.3389/fcimb.2016.00118


Page 10 of 10Albert et al. Porcine Health Management            (2025) 11:3 

	50.	 Hernandez-Garcia J, Wang J, Restif O, Holmes MA, Mather AE, Weinert LA, 
et al. Patterns of antimicrobial resistance in Streptococcus suis isolates 
from pigs with or without streptococcal disease in England between 
2009 and 2014. Vet Microbiol. 2017;207:117–24.

	51.	 Lacouture S, Okura M, Takamatsu D, Corsaut L, Gottschalk M. Develop‑
ment of a mismatch amplification mutation assay to correctly serotype 
isolates of Streptococcus suis serotypes 1, 2, 1/2, and 14. J Vet Diagn 
Invest. 2020;32:490–4.

	52.	 Ishida S, Tien LHT, Osawa R, Tohya M, Nomoto R, Kawamura Y, et al. 
Development of an appropriate PCR system for the reclassification of 
Streptococcus suis. J Microbiol Methods. 2014;107:66–70.

	53.	 Obradovic MR, Segura M, Segalés J, Gottschalk M. Review of the specula‑
tive role of co-infections in Streptococcus suis-associated diseases in pigs. 
Vet Res. 2021;52:49.

	54.	 Liu P, Zhang Y, Tang H, Wang Y, Sun X. Prevalence of Streptococcus suis in 
pigs in China during 2000–2021: a systematic review and meta-analysis. 
One Health. 2023;16:100513.

	55.	 Flores JLM, Higgins R, D’Allaire S, Charette R, Boudreau M, Gottschalk 
M. Distribution of the different capsular types of Streptococcus suis in 
nineteen swine nurseries. Can Vet J. 1993;34:170–1.

	56.	 Cucco L, Paniccià M, Massacci FR, Morelli A, Ancora M, Mangone I, 
et al. New sequence types and antimicrobial drug-resistant strains of 
Streptococcus suis in diseased pigs, Italy, 2017–2019. Emerg Infect Dis. 
2022;28:139–47.

	57.	 Scherrer S, Rosato G, Spoerry Serrano N, Stevens MJA, Rademacher F, 
Schrenzel J, et al. Population structure, genetic diversity and pathotypes 
of Streptococcus suis isolated during the last 13 years from diseased pigs 
in Switzerland. Vet Res. 2020;51:85.

	58.	 Amass SF, Clark LK, Knox K, Wu CC, Hill MA. Streptococcus suis coloniza‑
tion of piglets during parturition. J Swine Health Product. 1996;4:269–72.

	59.	 Blume V, Luque I, Vela AI, Borge C, Maldonado A, Domínguez L, et al. 
Genetic and virulence-phenotype characterization of serotypes 2 and 9 
of Streptococcus suis swine isolates. Int Microbiol. 2009;12:161–6.

	60.	 Dolbec D, Lehoux M, Okura M, Takamatsu D, Gottschalk M, Segura M. 
Streptococcus suis surface-antigen recognition by antibodies and bacte‑
rial elimination is influenced by capsular polysaccharide structure. Front 
Cell Infect Microbiol. 2023. https://​doi.​org/​10.​3389/​fcimb.​2023.​12284​96/​
full.

	61.	 MacInnes JI, Desrosiers R. Agents of the “suis-ide diseases” of swine: 
Actinobacillus suis, Haemophilus parasuis, and Streptococcus suis. Can J 
Vet Res. 1999;63:83–9.

	62.	 Lapointe L, D’Allaire S, Lebrun A, Lacouture S, Gottschalk M. Antibody 
response to an autogenous vaccine and serologic profile for Streptococ‑
cus suis capsular type 1/2. Can J Vet Res. 2002;66:8–14.

	63.	 Meekhanon N, Kaewmongkol S, Phimpraphai W, Okura M, Osaki M, 
Sekizaki T, et al. Potentially hazardous Streptococcus suis strains latent in 
asymptomatic pigs in a major swine production area of Thailand. J Med 
Microbiol. 2017;66:662–9.

	64.	 Lunha K, Chumpol W, Samngamnim S, Jiemsup S, Assavacheep P, Yongki‑
ettrakul S. Antimicrobial susceptibility of Streptococcus suis isolated from 
diseased pigs in Thailand, 2018–2020. Antibiotics. 2022;11

	65.	 Tan M-F, Tan J, Zeng Y-B, Li H-Q, Yang Q, Zhou R. Antimicrobial resistance 
phenotypes and genotypes of Streptococcus suis isolated from clinically 
healthy pigs from 2017 to 2019 in Jiangxi Province China. J Appl Micro‑
biol. 2021;130:797–806.

	66.	 Yongkiettrakul S, Maneerat K, Arechanajan B, Malila Y, Srimanote P, 
Gottschalk M, et al. Antimicrobial susceptibility of Streptococcus suis 
isolated from diseased pigs, asymptomatic pigs, and human patients in 
Thailand. BMC Vet Res. 2019;15:5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.3389/fcimb.2023.1228496/full
https://doi.org/10.3389/fcimb.2023.1228496/full

	Serotype distribution and antimicrobial susceptibility of Streptococcus suis isolates from porcine diagnostic samples in Hungary, 2020–2023
	Abstract 
	Background 
	Results 
	Conclusions 

	Background
	Methods
	S. suis isolates
	Capsular typing of S. suis isolates
	Antimicrobial resistance testing of S. suis isolates

	Results
	Capsular type, organ and production group distribution of S. suis isolates
	Results of antimicrobial resistance testing of S. suis isolates

	Discussion
	Conclusions
	Acknowledgements
	References


