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SYNOPSIS

Streptococcus suis is an opportunistic bacterial por-
cine pathogen that can cause severe disease in 

humans, most commonly meningitis and sepsis (1). 
Human S. suis infections occur both through direct 
contact with infected pigs and consumption of un-
dercooked contaminated pork (2). Human S. suis in-
fections have become endemic in Thailand and Viet-
nam, driven by consumption of traditional raw pork 
dishes (1), and S. suis has caused multiple outbreaks 
in humans with high levels of illness and death in 
China and Thailand (3). In Europe, S. suis infections 
are considered an occupational hazard, mainly occur-
ring among persons with skin lesions working closely 
with pigs or pork products (1). Human infections in 
Europe account for ≈10% of the global prevalence, but 
incidence in Europe is likely underestimated because 
S. suis infections are not a notifiable disease (4). Togo, 
Madagascar, Chile, and Indonesia have recently re-
ported zoonotic S. suis infections, meaning all conti-
nents except Antarctica have now reported human 
infections (1,5–8). 

S. suis is classified into 29 distinct serotypes based 
on its capsular polysaccharide, as well as 27 novel se-
rotypes based on novel capsular polysaccharide loci. 
Serotypes 2, 4, 7, and 9 are the most common causes of 
porcine disease in Europe (3); serotype 2 isolates cause 
≈95% of human infections and serotype 14 causes 
≈4% (4). In addition, sporadic infections caused by se-
rotypes 4, 5, 7, 9, 16, 21, 24, and 31 have been reported 
(3,9–11). S. suis genotypes are classified on the basis 
of sequence types (STs) determined through multilo-
cus sequence typing (MLST), which are grouped into 
clonal complexes (CCs) (12). CC1 with a serotype 2 
capsule is the main lineage causing human infections 
and has expanded worldwide (3). Emerging zoonotic 

lineages, such as CC20, which emerged from CC16 in 
the Netherlands after acquiring a serotype 2 capsule, 
also been described (13). 

We aimed to increase insight into the epidemiolo-
gy of human S. suis infections in Europe and to assess 
the bacterial population structure and diversity of 
zoonotic S. suis clades (1). We assessed the frequency 
of human S. suis infections in Europe through a sur-
vey of reference laboratories in top pig-rearing coun-
tries in Europe, performed a systematic literature re-
view and explored the gray literature (social media, 
news accounts, and government reports). In addition, 
we reconstructed a representative phylogeny of zoo-
notic S. suis isolates in Europe. 

This study was not reviewed by an ethics review 
board, because it was based on anonymized surveil-
lance data. In accordance with Dutch law, approval 
from a medical ethics committee was not deemed 
necessary because case-patients were not subject to 
any actions or rules of conduct. We did not obtain in-
formed consent because our data collection processes 
were exempted under exceptions formulated in the 
Dutch Implementation of the European General Data 
Protection Regulation Act (2016/679). 

Methods 

Survey 
We contacted national reference laboratories in 10 
countries in Europe (Czech Republic, Denmark, 
France, Germany, Hungary, Italy, the Netherlands, 
Poland, Spain, and the United Kingdom) that in-
cluded S. suis infections within their scope. We asked 
those laboratories to retrospectively collect data on 
cases of human S. suis infection during 1990–2018 be-
cause most human S. suis infections have been report-
ed since 1990. We asked participating laboratories to 
complete a questionnaire collecting patient metadata 
and bacterial typing and metadata. Anonymized pa-
tient metadata were age, sex, clinical signs, and oc-
cupation. Bacterial typing encompassed serotype, 
sequence type (ST), and available whole-genome 
sequences. Bacterial metadata were date of isolation, 
source of isolation, and method of identification. In 
addition, we requested in the questionnaire that ref-
erence laboratories share their isolates for further ge-
nomic analysis (Appendix, https://wwwnc.cdc.gov/
EID/article/30/3/23-0348-App1.pdf). 

Systematic Review 
We performed a systematic review according to 
PRISMA (Preferred Reporting Items for System-
atic Reviews and Meta-Analyses) guidelines (14) to  
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Streptococcus suis, a zoonotic bacterial pathogen circu-
lated through swine, can cause severe infections in hu-
mans. Because human S. suis infections are not notifi-
able in most countries, incidence is underestimated. We 
aimed to increase insight into the molecular epidemiology 
of human S. suis infections in Europe. To procure data, 
we surveyed 7 reference laboratories and performed a 
systematic review of the scientific literature. We identified 
236 cases of human S. suis infection from those sources 
and an additional 87 by scanning gray literature. We per-
formed whole-genome sequencing to type 46 zoonotic S. 
suis isolates and combined them with 28 publicly avail-
able genomes in a core-genome phylogeny. Clonal com-
plex (CC) 1 isolates accounted for 87% of typed human 
infections; CC20, CC25, CC87, and CC94 also caused 
infections. Emergence of diverse zoonotic clades and no-
table severity of illness in humans support classifying S. 
suis infection as a notifiable condition. 
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identify cases of human S. suis infections in Europe in  
articles published from 1990 (survey start date) 
through 2022. We screened PubMed, Web of Science, 
and Scopus for key terms—S. suis, human, and ≥1 
country in Europe (as defined by the World Health 
Organization)—in the titles or abstracts of articles 
published before April 1, 2022 (Appendix). We re-
moved duplicate references by using Zotero version 
6.0.8 (https://www.zotero.org) and manual check-
ing. We included studies containing data on human 
S. suis isolates or case reports describing human S. 
suis infections in Europe; we extracted patient and 
bacterial metadata for further analysis. We excluded 
studies that did not include data on zoonotic S. suis 
isolates or human infections, reported isolates not 
collected in Europe, did not publish original data, 
were published before 1990, or lacked information 
on the origin of isolates (Figure 1). To avoid dupli-
cation, we excluded from the systematic review iso-

lates reported in both the survey and an article; in 
addition, if an isolate appeared in multiple articles, 
we included data only from the original article.

Gray Literature Search 
Because S. suis is not a notifiable disease, there are 
no guidelines for reporting such infections. To iden-
tify additional cases, we performed a broad scan 
of gray literature to capture cases of human S. suis 
infections in Europe not identified in the scientific 
literature or the survey. However, we distinguished 
cases we identified in the survey, literature review, 
and official reports from unreported cases (all other 
cases). We searched X (previously Twitter) and the 
Google news section using the terms S. suis, infec-
tion, and human in Dutch, English, French, German, 
Italian, Portuguese, and Spanish. To complement 
those data, we scanned ministry of health web-
sites from France, Germany, Italy, the Netherlands,  
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Figure 1. Preferred Reporting 
Items for Systematic Reviews 
and Meta-Analyses (PRISMA) 
search flowchart for systematic 
review of Streptococcus suis in 
Europe during 1990–2022.
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Portugal, Spain, and the United Kingdom for reports 
on zoonotic bacterial infections related to human S. 
suis infections. To avoid duplication, we compared 
metadata, when available, with isolate data from the 
survey and systematic review. 

In Silico Typing and Phylogenetic Analysis 
We included 74 genomes for whole-genome se-
quencing (WGS) analysis, 67 from the survey (46 
sequenced during this investigation and 21 previ-
ously sequenced) and 7 from the systematic review 
(Appendix Figure 1). We used MLST version 2.19.0 
(https://github.com/tseemann/mlst) with the 
PubMLST database (https://pubmlst.org) to type 
the MLST profiles of the draft genomes. We sub-
mitted profiles for novel STs to PubMLST. We per-
formed in silico serotyping by feeding processed Il-
lumina reads into the S. suis serotyping pipeline (15). 
We reconstructed a core genome single-nucleotide  
polymorphism (SNP) phylogeny using Panaroo ver-
sion 1.3.0 (16) to reconstruct the pangenome and 
align the core genome. We calculated the number 
of constant sites in the core genome alignment with 
SNP-sites version 2.5.1 (17) using the flag “-C.” We 
reconstructed the maximum-likelihood (ML) phy-
logeny by running IQ-TREE version 2.0.3 (18) with 
1,000 bootstraps and used the general time-reversible 
plus gamma model with the flag “-fconst” to include 
the constant sites from SNP-sites. We investigated 
the presence of 46 accessory genes previously found 
to be overrepresented in zoonotic isolates (human-
pig prevalence ratio >2) using ABRicate (https://
github.com/tseemann/abricate) with a custom da-
tabase and a minimum protein identity and coverage 
of 80%. We visualized the resulting gene presence/
absence matrix in Phandango (19,20). Raw Illumina 
sequences can be found in the National Center for 
Biotechnology Information Short Read Archive (Bio-
Project PRJNA853715). Genome assemblies have 
been deposited in GenBank and are available under 
the same BioProject number (Appendix Table 7). 

Results

Geographic Distribution of Reported Human  
S. suis Infections across Europe, 1990–2022 
Of 10 reference laboratories invited to participate in 
the survey, 7 laboratories (Spain, Germany, Nether-
lands, Denmark, Czech Republic, Poland, and Unit-
ed Kingdom) responded and reported 107 unique 
cases of human S. suis infections (Appendix Table 2). 
In the systematic review, of 119 screened titles and 
abstracts, we selected 53 articles mentioning human 

S. suis infections in Europe for full-text reading. In  
addition, we included 29 studies identified by screen-
ing reference lists (Figure 1). In total, we extracted 
data from 129 cases of human S. suis infections report-
ed in 69 research articles (Figure 1; Appendix Table 
3). Combining both sources, we identified 236 unique 
cases of human S. suis infections across Europe dur-
ing 1990–2022. Germany, Spain, and the Netherlands, 
the top pig-rearing countries in Europe (21), reported 
114/236 (48%) of the cases (Figure 2). Furthermore, 
203/236 (86%) of the reported cases originated from 
just 8 countries (Germany, Spain, the Netherlands, 
Denmark, Hungary, France, Poland, and the Czech 
Republic), 6 of which participated in the survey study; 
sporadic cases reported from 8 additional countries in 
Europe completed the dataset. 

Epidemiology of Human S. suis Infections in Europe 
Most patients were middle-aged men (Table 1). Of pa-
tients with a reported clinical syndrome, meningitis 
was the main clinical syndrome observed in both the 
survey (59/71 [83%]) and systematic review (59/86 
[68%]), followed by sepsis, which affected 15/71 
(21%) in the survey and 21/86 (24%) in the system-
atic review. Additional clinical signs and symptoms 
included hearing loss (n = 22), endocarditis (n = 6), 
and spondylodiscitis (n = 3); 11 patients died. Patient 
occupation was described as a potential risk factor in 
19 cases in the survey and 72 cases in the systematic 
review (Table 1). Most infections, 78/92 (85%) in the 
survey and 43/48 (90%) in the systematic review, 
were caused by serotype 2 isolates, followed by sero-
type 14 isolates (Table 2). Most isolates (76/87 [78%] 
in the survey and 14/16 [88%] in the systematic re-
view) belonged to zoonotic lineage CC1. In addition, 
11/87 (13%) infections in the survey and 1 in the sys-
tematic review were caused by CC20 lineage isolates. 

Year of isolation was collected for only 44/129 
(34%) isolates from cases in the systematic review 
(Appendix Table 3). Nonetheless, average number of 
cases per year in the systematic review and survey 
increased after 1999, from 2.7 during 1990–1999 to 
5.7 during 2000–2009 and 5.0 during 2010–2019 (Ap-
pendix Figure 2). Moreover, we calculated crude es-
timates of S. suis incidence in the at-risk population 
in 6 (Czech Republic, Germany, Hungary, the Neth-
erlands, Poland, and Spain) countries with >5 cases 
reported in the survey or literature review during 
2005–2013. We defined the population at risk as the 
proportion of the agricultural census involved in pig 
specialized holdings with a 10% upper margin to ac-
count for butchers, hunters, slaughterhouse workers, 
lorry drivers, and meat factory workers. Incidence 
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range in the at-risk population for those 6 countries 
during 2005–2013 averaged 0.161–4.945 cases/100,000 
persons; Poland had the lowest incidence and the 
Netherlands the highest (Appendix Table 6). 

Scan of Gray Literature
Because no centralized surveillance system exists for 
human S. suis infection and the disease is not notifi-
able in any country in Europe, the number of infec-
tions in Europe has likely been underestimated. We 
scanned gray literature in search of cases not identi-
fied through either the survey or systematic review. 
Public Health England (now the UK Health Security 
Agency) included human S. suis infections in their 
annual zoonosis official reports collected from the 
Veterinary Diagnostic Analysis database of the Ani-
mal and Plant Health Agency (22). During 1991–2017, 
those reports recorded 61 human S. suis infections in 
the United Kingdom, 10 times the number of cases 
identified from the survey and systematic review 

combined (6 cases). However, those 61 cases might 
overlap with cases from the survey and systematic 
review because neither metadata nor identification 
method were provided (Appendix Table 4). The 
Netherlands Reference Laboratory for Bacterial Men-
ingitis surveyed 57 medical microbiology laboratories 
in the Netherlands during 2013 with the aim of iden-
tifying cases not reported to the reference laboratory 
and collected an additional 25 unique cases isolated 
during 1990–2011 (Appendix Table 5) (23). We also 
found 1 case of S. suis meningitis in a butcher in Spain 
that was reported through X (24). 

Population Structure of Zoonotic S. suis in Europe 
To study the population structure of zoonotic S. suis 
isolates in Europe, we reconstructed a core-genome 
SNP phylogeny of 74 strains from 10 different coun-
tries (Figure 3). We identified 5 novel STs, 1660, 1602, 
1663, 1707, and 1708. Most strains were part of the 
major zoonotic clade CC1, which has spread across 
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Figure 2. Reported cases of human Streptococcus suis infections across Europe during 1990–2022. We pooled reported cases 
collected in the survey study and systematic search study. The color of the countries represents the relative number of cases: the darker 
the tone, the higher the number of reported cases. Purple stars indicate reference laboratory participating in the survey study within that 
country. Scale bar indicated substitutions per site. Countries in black were not included in the study.
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Europe; >1 strain from each country included in the 
phylogeny was CC1. Most of the CC1 strains had a 
serotype 2 capsule, and a small subset possessed 
the structurally similar serotype 14 capsule (25). We 
distinguished 2 subclades within CC1 in a genome-
wide SNP phylogeny (Appendix Figure 3). The other 
zoonotic clades appeared to be more geographically 
restricted. For example, most of the CC20 strains 
were isolated in the Netherlands, where the lineage 
is thought to have emerged (13). Two additional 
CC20 strains were isolated in Germany, forming a se-
rotype 5 outgroup to clonal CC20 serotype 2 strains 
from the Netherlands. All CC25 strains were recov-
ered in the Czech Republic. The 3 ST25 serotype 2 

strains had only 73–116 SNPs across their core ge-
nomes, whereas the ST29 strain differed from the 
ST25 strains by 4,353–4,416 SNPs and had a serotype 
7 capsule. Strains from the CC87 clade were identified 
in Germany and the Czech Republic and possessed a 
serotype 2 capsule. The 3 strains from Germany were 
ST19 and highly similar (81–118 SNPs), whereas the 
strain from the Czech Republic had novel ST1660 and 
differed from the ST19 clade by 9,411–9,434 SNPs. 

CC1 and CC20 Isolates and Genes  
Associated with Zoonotic Potential
Overall, strains from clades CC1 and CC20 had a 
higher number of accessory genes overrepresented in 
zoonotic isolates than did strains from lineages CC25, 
CC87, and CC94 (Figure 4). Most genes associated 
with zoonoses were present in >1 of the lineages; only 
the 2-component signal transduction system nisK/R 
and the fimbria-like adhesin sssP1 genes were absent 
from the dataset (Figure 4). Of note, despite its role 
in adhesion and virulence being extensively studied, 
muramidase-related protein (mrp) was absent from 
the CC20 clade (26). Factor H binding protein (fhb), 
associated with binding factor H and increased trans-
location across the blood/brain barrier (27), was pres-
ent only in CC1 strains. Differences could be observed 
within CC1 sublineages; 1 subclade had an additional 
factor H binding protein (fhbp). Last, suilysin (sly), a 
pore-forming hemolysin with a clear role in patho-
genesis (20), was present in all clades except CC25, 
which instead carried the hyaluronate lysin A (hylA), 
associated with reduced virulence (Figure 4) (28). 

Discussion 
Despite having caused multiple outbreaks with 
high levels of illness and death in the past decade 
and reports of new zoonotic lineages arising on dif-
ferent continents, S. suis remains largely excluded 
from disease surveillance programs (29). Although 
neither carriage in healthy humans nor human-to-
human transmission of S. suis have been reported 
to date, systematic surveillance is needed to follow 
the evolutionary trends of this pathogen in humans 
and pigs, the main reservoir from which zoonotic 
lineages emerge (2). 

Our study included some potential sources of 
bias. Differences in number of cases between coun-
tries should not be attributed only to the size of pig 
populations. Other factors, such as government poli-
cy and disease monitoring and reporting, could con-
tribute to observed differences in reported human S. 
suis cases between countries. For instance, although 
France has one of the largest pig populations in  
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Table 1. Patient data collected in survey and systematic review 
for study of molecular epidemiology of underreported emerging 
zoonotic pathogen Streptococcus suis, Europe* 

Patient data Survey, n = 107 
Systematic 

review, n = 129 
Demographic information 
 Sex   
  M 73 93 
  F 16 24 
  NA 18 12 
 Age   
  Median (range), y 52 (0–79) 48 (22–85) 
  NA 26 54 
Clinical symptoms 
 Meningitis 59 59 
 Sepsis 15 21 
 Hearing loss 0 22 
 Endocarditis 2 6 
 Spondylodiscitis 0 3 
 Death 0 11 
 NA 36 43 
Occupational risk†   
 Described 19 72 
 No risk 0 2 
 NA 88 55 
*Values are no. patients except as indicated. NA, not available. 
†Occupational risk: Any job involving close contact with pigs or pork 
products, including: farmer, butcher, abattoir worker, meat factory worker, 
hunter, livestock truck driver, or cook. 

 

 
Table 2. Bacterial isolate data collected in survey and systematic 
review for study of molecular epidemiology of underreported 
emerging zoonotic pathogen Streptococcus suis, Europe* 

Isolate data Survey, n = 107 
Systematic 

review, n = 129 
Serotype no.    
 2 78 43 
 5 2 1 
 7 1 0 
 14 11 4 
 NA 15 81 
Clonal complex no.   
 1 68 14 
 20 11 1 
 25 4 0 
 87 3 1 
 94 1 0 
 NA 20 113 
*NA, not available. 
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Europe, only 7 human cases have been reported. In 
contrast, although they have smaller pig populations, 
the Czech Republic reported 18 and Poland 22 cases 
(Figure 2) (30). The distribution of clinical symptoms 
aligns with previous regional and global estimates 
(1). However, clinical data gathered in the survey 
were potentially biased toward reporting meningi-
tis because several of the surveyed laboratories are 
reference laboratories for bacterial meningitis (Table 
1) (1). The systematic review yielded diverse article 
types (e.g., case reports, surveillance studies) and in-
consistent quality of reported metadata. Often, year 
of isolation and bacterial typing was absent, making 
it difficult to establish meaningful time trends in the 
emergence of zoonotic S. suis in Europe. Finally, the 
time frames of the survey, 1990–2018, and system-
atic review, 1990–2022, were not identical. 

The serotype 2 capsule is linked with zoonotic 
S. suis infections, and most worldwide S. suis cases 
are caused by serotype 2 (4). While investigating the 
emergence of the zoonotic clade CC20, 1 study (13) 
proposed that capsule-switching events leading to 
acquisition of a serotype 2 capsule may be necessary 
for pathogenic porcine strains to become zoonotic. 
We observed hints of capsule-switching events, with 
the CC20 strains from Germany carrying serotype 5 
capsule instead of serotype 2, potentially represent-
ing an intermediate step in the emergence of zoo-
notic CC20 from CC16 (13). Furthermore, zoonotic 
strains from CC87 and CC94 lineages were serotype 
2, whereas most porcine CC87 strains described in the 
literature carried a serotype 8 capsule; porcine CC94 
strains displayed a wide range of capsules, serotypes 
3, 7, and 23 being the most common (31). However, 
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Figure 3. Genome population structure of zoonotic Streptococcus suis in Europe. The maximum-likelihood tree was reconstructed 
using IQ-TREE (18) with a core genome alignment produced with Panaroo (16). Color triangles at branch tips indicate country of 
collection; color rings indicate lineage (CC). The inner color ring indicates ST and is labeled accordingly. The outer color ring indicates 
the serotype as determined by the antigenic properties of the cps. We used iTOL (https://itol.embl.de) to visualize the tree. cps, capsular 
polysaccharide; NA, not available; ST, sequence type.
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the low number of samples collected for CC25, CC87, 
and CC94 in our study and the fact that they were 
collected more than a decade ago make it difficult 
to conclude whether or not these CCs are emerging 
as zoonotic lineages or are geographically restricted 
(Appendix Tables 2, 3). 

The presence of genes associated with zoonotic 
potential varied across lineages. Differences in the 
accessory genome of the zoonotic S. suis popula-
tion, with some well-studied virulence factors such 
as sly, mrp, and fhb missing from certain pathogenic 
clades, suggest that, although individual genes might 
contribute to virulence and zoonotic potential, those 
genes are not individually essential for S. suis to in-
fect humans (20,26,27) (Figure 4). Moreover, simply 
because a gene is overrepresented in zoonotic isolates 
does not mean it plays an active role in zoonotic po-
tential, and its role in zoonosis should be explored ex-
perimentally. For example, some genes, such as zmp 
and sp1, more common in human than porcine S. suis 
isolates, have been shown not to be critical for viru-
lence (32,33), and others, such as igdE and ideS, only 
play a role in evading porcine, not human, immune 
response (34,35). 

Estimated cumulative prevalence of human S. suis 
infection is substantially higher in southeastern Asia 
than Europe and the epidemiology of human S. suis  

infections differs significantly between continents (1). 
In Europe, skin injuries and abrasions are thought to be 
the main point of entry for S. suis (3), whereas in coun-
tries in southeastern Asia with a tradition of raw pork 
product consumption, the intestinal tract is a notable 
entry point for infection (2,36). Differences in exposure 
routes have led to differences in epidemiology; mul-
tiple foodborne human S. suis outbreaks with high lev-
els of illness and death have occurred in southeastern 
Asia in the past 2 decades (36,37). In Thailand, educa-
tional campaigns targeted toward at-risk populations 
have been shown to reduce incidence of human infec-
tions (36). Educational campaigns in Europe should be 
tailored to the different at-risk populations there. Our 
crude estimates of incidence of S. suis human infections 
in the population at risk for the Czech Republic, Ger-
many, Hungary, the Netherlands, Poland, and Spain 
are comparable to the incidence of other pathogens 
causing similar infections in the general population 
(Appendix). Our estimated incidence in the popula-
tion at risk for S. suis, range 0.161–4.945 cases/100,000 
persons across the different countries, was generally 
higher (except in Poland) than population-wide inci-
dence for Neisseria meningitidis (0.42–1.09) and lower 
than that of S. pneumoniae (1.52–14.86) reported by the 
European Centre for Disease Prevention and Control 
(38) (Appendix Table 6). 
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Figure 4. Presence/absence matrix of 46 genes putatively associated with zoonotic potential in study of zoonotic Streptococcus suis 
in Europe. The same phylogenetic tree presented in Figure 3 was used. Blue squares indicate presence of the gene while red squares 
indicate absence. The colored branches indicate CCs and follow the same pattern as in Figure 3 (blue, CC1; red, CC20; purple, 
CC87; yellow, CC94; green, CC25). We defined gene presence with 80% protein identity and coverage. We used Phandango (19) to 
visualize the tree. Bios, biosynthesis; CC, clonal complex; CS, complement system evasion.
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Furthermore, we found evidence of underreport-
ing in the Netherlands; 25 cases were not reported to 
the Netherlands Reference Laboratory for Bacterial 
Meningitis or described in published articles (23). The 
United Kingdom was the only country where human 
S. suis infections were included in official government 
reports. Those UK reports contained 10 times as many 
cases within the same timeframe than UK cases from 
the survey and systematic review combined (22) be-
cause the survey and systematic review did not capture 
many unpublished cases. This finding suggest that the 
number of cases collected in other countries through 
the survey might also be underestimated. We observed 
an increase in reported cases after 1999 (Appendix Fig-
ure 2); however, this increase could have been caused 
by heightened awareness after a severe outbreak in 
China in 2005 and by more precise bacterial identifica-
tion techniques (37). Moreover, in Thailand, a country 
where S. suis is a notifiable disease, reported infections 
have increased in the past few years (10). 

In conclusion, despite not being a notifiable dis-
ease in Europe, novel zoonotic S. suis lineages, includ-
ing multidrug-resistant lineages, have been detected 
recently both in Europe and worldwide (13,29). More-
over, our likely underestimated incidence estimates 
suggest that risk for S. suis infection for the at-risk 
population is greater than that of N. meningitidis 
and comparable to that of S. pneumoniae in the gen-
eral population. Given the severity of the disease it 
causes, we propose making S. suis infections notifi-
able in Europe to improve surveillance of emerging 
zoonotic lineages and evolutionary trends and better 
detect potential human-to-human transmission. 
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Appendix 

I. Questionnaire requesting patient and isolate data of S. suis infections. 

Below are listed the questionnaire and supplied response options. Variables included region of coverage 

of the laboratory and population demographics (general information) as well as information on isolate 

and patient metadata. If predetermined response was not provided, responder was able to fill out the 

adequate response. If willing, laboratories were requested to send their isolates for future research.  

1. General information 

a. What is the region covered by your reference laboratory? 

b. What is the population size for the above stated region? 

c. If known, what is the size of the population at risk* for the above stated region? 

d. If known, what is the size of the pig population for the above stated region? 

*The population at risk in Europe is defined as the population that includes all pig farmers, 

butchers, slaughterhouse workers, and hunters of wild boar. 

2. Information on Streptococcus suis 

a. Is S. suis infection a notifiable disease in your country? (Y/N) 

b. What is the total number of S. suis cases notified to your laboratory from 1990 to date?  

c. If applicable, when was the first notified case of S. suis in your country? (dd/mm/yyyy) 

3. Patient information 

https://doi.org/10.3201/eid3003.230348
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Below is the format used for requested information: 

Date of birth Sex Clinical signs Occupation History of cuts and/or skin abrasions in the 14 days prior to infection Residential area Recent travel history
Patient information

 

Variables including definitions and provided response options: 

• Date of birth. Response format: dd-mm-yyyy.   

• Sex. Response options: Male / Female. 

• Clinical signs 

Definition: known clinical signs of patient (written on sample submission form) 

Response options: Meningitis/ Septicaemia/ Meningitis and septicaemia/ If other, specify. 

• Cuts and/or abrasions in the 14 days prior to infection  

Definition: cuts and/or abrasions in the skin; described in the literature as a port of entry in 

population at risk. Response options: Yes/ No/ Unknown/ If other, specify. 

• Occupation 

Definition: occupation of patient (if known). 

Response input: If available please enter the occupation of the patient.  

• Residential area 

Definition: living area of patient, i.e. district, city and/or region (if known). 

Response input: If available please enter living area of patient, i.e. district, city and/or 

region.  

• Recent travel history  

Definition: travel history of patient, i.e. country, city, region (if known). 

Response input: If known please enter country, city, region, etc. where patient has travelled 

to.  

4. Isolate information 

The format used to request isolate data:  
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Isolate information 
Isolate ID Date of isolation Isolated from Isolate available Identification method Serotype MLST sequence type Whole genome sequenced

1
2
3
4
5
6
7
8
9
10  

 Variables including definitions and provided response options: 

• Isolate ID 

Definition: ID or number assigned to an incoming patient sample, i.e. liquor, blood or other. 

Response input: variable according to reference laboratory-specific format. 

• Date of isolation  

Definition: Date the sample arrived at the ref lab 

Response format: dd-mm-yyyy 

• Isolated from  

Definition: source of harvest of isolate or sample from patient. 

Response options: CSF/ Blood / Other, namely 

• Isolate available 

Definition: is the isolate stored in the ref lab and available to eventually send for follow-up. 

Response options: Yes/ No 

• Identification method 

Definition: method via which bacterial typing was done. 

Response options: API Strep/ MALDI-TOF/ PCR, please specify target/ VITEK/ WGS/ If other, 

specify. 

• Serotype 

Definition: known S. suis serotypes to date, i.e. 1, 1/2, 2, …, 34. 

Response options: Please enter numerical value; options: 1, ½, 2, …, 34/ Undetermined. 

• Sequence type 

Definition: S. suis sequence type determined by MLST 

Response format: If determined, fill out value.  

• Whole genome sequenced 

Definition: if whole genome sequencing has been performed 

Response options: Yes/ N 

5. Follow-up 
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Would you be willing to ship S. suis isolates to the Dutch National Reference Laboratory for 

further analysis through whole genome sequencing?  (Y/N) 

II. Searches  

Search Queries used in the Systematic review 

PubMed Query 

("Streptococcus suis" [MESH] OR "Streptococcus suis" [TIAB]) AND (human [MESH] OR 

human [TIAB] ) AND ((Albania [MESH] OR Albania [TIAB]) OR (Andorra [MESH] OR 

Andorra [TIAB]) OR (Armenia [MESH] OR Armenia [TIAB]) OR (Austria [MESH] OR Austria 

[TIAB]) OR (Azerbaijan [MESH] OR Azerbaijan [TIAB]) OR (Belarus [MESH] OR Belarus 

[TIAB]) OR (Belgium [MESH] OR Belgium [TIAB]) OR ("Bosnia and Herzegovina" [MESH] 

OR "Bosnia and Herzegovina" [TIAB]) OR (Bulgaria [MESH] OR Bulgaria [TIAB]) OR 

(Croatia [MESH] OR Croatia [TIAB]) OR (Cyprus [MESH] OR Cyprus [TIAB]) OR (Czechia 

[MESH] OR Czechia [TIAB]) OR ("Czech Republic" [MESH] OR "Czech Republic" [TIAB]) 

OR (Denmark [MESH] OR Denmark [TIAB]) OR (Estonia [MESH] OR Estonia [TIAB]) OR 

(Finland [MESH] OR Finland [TIAB]) OR (France [MESH] OR France [TIAB]) OR (Germany 

[MESH] OR Germany [TIAB]) OR (Georgia [MESH] OR Georgia [TIAB]) OR (Greece 

[MESH] OR Greece [TIAB]) OR (Hungary [MESH] OR Hungary [TIAB]) OR (Iceland [MESH] 

OR Iceland [TIAB]) OR (Ireland [MESH] OR Ireland [TIAB]) OR (Israel [MESH] OR Israel 

[TIAB]) OR(Italy [MESH] OR Italy [TIAB]) OR (Kazakhstan [MESH] OR Kazakhstan [TIAB]) 

OR (Kosovo [MESH] OR Kosovo [TIAB]) OR (Latvia [MESH] OR Latvia [TIAB]) OR 

(Liechtenstein [MESH] OR Liechtenstein [TIAB]) OR (Lithuania [MESH] OR Lithuania 
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[TIAB]) OR (Luxembourg [MESH] OR Luxembourg [TIAB]) OR (Macedonia [MESH] OR 

Macedonia [TIAB]) OR (Malta [MESH] OR Malta [TIAB]) OR (Moldova [MESH] OR 

Moldova [TIAB]) OR (Monaco [MESH] OR Monaco [TIAB]) OR (Montenegro [MESH] OR 

Montenegro [TIAB]) OR (Netherlands [MESH] OR Netherlands [TIAB]) OR (Norway [MESH] 

OR Norway [TIAB]) OR (Poland [MESH] OR Poland [TIAB]) OR (Portugal [MESH] OR 

Portugal [TIAB]) OR (Romania [MESH] OR Romania [TIAB]) OR (Russia [MESH] OR Russia 

[TIAB]) OR ("Russian Federation" [MESH] OR "Russian Federation" [TIAB]) OR ("San 

Marino" [MESH] OR "San Marino" [TIAB]) OR (Serbia [MESH] OR Serbia [TIAB]) OR 

(Slovakia [MESH] OR Slovakia [TIAB]) OR (Slovenia [MESH] OR Slovenia [TIAB]) OR 

(Spain [MESH] OR Spain [TIAB]) OR (Sweden [MESH] OR Sweden [TIAB]) OR (Switzerland 

[MESH] OR Switzerland [TIAB]) ]) OR (Tajikistan [MESH] OR Tajikistan [TIAB]) OR 

(Turkey [MESH] OR Turkey [TIAB]) OR (Turkmenistan [MESH] OR Turkmenistan [TIAB]) 

OR (Ukraine [MESH] OR Ukraine [TIAB]) OR ("United Kingdom" [MESH] OR "United 

Kingdom" [TIAB]) OR (England [MESH] OR England [TIAB]) OR (Wales [MESH] OR Wales 

[TIAB]) OR (Scotland [MESH] OR Scotland [TIAB]) OR ("Northern Ireland" [MESH] OR 

"Northern Ireland" [TIAB]) OR (Faroes [MESH] OR Faroes [TIAB]) OR ("Vatican City" 

[MESH] OR "Vatican City" [TIAB]) 

Web of Science Query 

("Streptococcus suis" and human) AND (Albania OR Andorra OR Armenia OR Austria OR 

Azerbaijan OR Belarus OR Belgium OR "Bosnia and Herzegovina" OR Bulgaria OR Croatia 

OR Cyprus OR Czechia OR "Czech Republic" OR Denmark OR Estonia OR Finland OR France 
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OR Germany OR Georgia OR Greece OR Hungary OR Iceland OR Ireland OR Israel OR Italy 

OR Kazakhstan OR Kosovo OR Latvia OR Liechtenstein OR Lithuania OR Luxembourg OR 

Macedonia OR Malta OR Moldova OR Monaco OR Montenegro OR Netherlands OR Norway 

OR Poland OR Portugal OR Romania OR Russia OR "Russian Federation" OR "San Marino" 

OR Serbia OR Slovakia OR Slovenia OR Spain OR Sweden OR Switzerland OR Tajikistan OR 

Turkey OR Turkmenistan OR Ukraine OR "United Kingdom" OR England OR Wales OR 

Scotland OR "Northern Ireland" OR Faroes OR "Vatican City") 

Scopus Query 

TITLE-ABS-KEY ( "Streptococcus suis" )  AND  TITLE-ABS-KEY ( human )  AND  ( TITLE-

ABS-KEY ( Albania  OR  Andorra  OR  Armenia  OR  Austria  OR  Azerbaijan  OR  Belarus  

OR  Belgium  OR  "Bosnia and Herzegovina"  OR  Bulgaria  OR  Croatia  OR  Cyprus  OR  

Czechia  OR  "Czech Republic"  OR  Denmark  OR  Estonia  OR  Finland  OR  France  OR  

Germany  OR  Georgia  OR  Greece  OR  Hungary  OR  Iceland  OR  Ireland  OR  Israel  OR  

Italy  OR  Kazakhstan  OR  Kosovo  OR  Latvia  OR  Liechtenstein  OR  Lithuania  OR  

Luxembourg  OR  Macedonia  OR  Malta  OR  Moldova  OR  Monaco  OR  Montenegro  OR  

Netherlands  OR  Norway  OR  Poland  OR  Portugal  OR  Romania  OR  Russia  OR  "Russian 

Federation"  OR  "San Marino"  OR  Serbia  OR  Slovakia  OR  Slovenia  OR  Spain  OR  

Sweden  OR  Switzerland  OR  Tajikistan  OR  Turkey  OR  Turkmenistan  OR  Ukraine  OR  

"United Kingdom"  OR  England  OR  Wales  OR  Scotland  OR  "Northern Ireland"  OR  

Faroes  OR  "Vatican City" )  
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III. Whole Genome Sequencing and Genome Assembly 

Whole-genome sequencing 

Out of 110 S. suis isolates identified in the reference laboratory survey, 24 had been 

previously sequenced, 40 isolates were not available for sequencing and 46 isolates were 

available and shared for sequencing (Appendix Figure 1). Isolates were initially grown overnight 

on sheep blood agar plates to test for contaminations and cultured overnight in Todd Hewitt 

Broth with 0.5% Yeast extract (THY), both at 37 oC. Genomic DNA was extracted using the 

Wizard Genomic DNA Purification Kit (Promega, Madison, WI, USA) and DNA concentration 

was measured with Qubit using the dsDNA HS Assay Kit as well as the BR Assay Kit (Thermo 

Fisher Scientific Corporation, Eugene, OR, USA). Library preparation was performed using the 

KAPA HTP Library preparation kit (Roche, Basel, Switzerland). Pooled libraries were 

sequenced with the Reagent Kit v3 using paired-end Illumina MiSeq.  

Genome Assembly 

Unless otherwise specified, bioinformatic tools were used with the default settings. Raw 

sequencing reads were preprocessed using fastp v0.20.0 with the “--disable_length_filtering” 

flag (1) and Kraken2 with the MiniKraken2 database was used to confirm the taxonomical 

identification of the S. suis isolates (2). Draft genomes were assembled from the filtered Illumina 

reads using Shovill (v1.0.9 https://github.com/tseemann/shovill) with SPAdes v3.14.1 (3) and the 

quality of the draft genomes was evaluated with QUAST v5.0.2 (4). Genome annotation was 

carried out using Prokka v1.14.6 (5). In silico serotyping was performed feeding the processed 

Illumina reads into the S. suis serotyping pipeline (6). For isolate H143440710, the pipeline 
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could not distinguish between serotypes 1 and 14, therefore, the cpsK gene was Sanger 

sequenced using the BigDye™ Terminator v1.1 Cycle Sequencing Kit (Thermo Fisher Scientific 

Corporation, Eugene, OR, USA) to resolve its serotype. Primers used to distinguish between 

serotypes 1 and 14 are in Appendix Table 1.  

IV. Incidence estimates of human S. suis infections in European countries with at 

least 5 cases between 2005 and 2013. 

The incidence of human S. suis infections was estimated for all European countries with 

at least 5 S. suis cases reported in the survey or literature review cases between 2005 and 2013. 

The size of the population at risk was estimated based on the Eurostat Agricultural census (81). 

The agricultural census contained data regarding the number of agricultural holdings, pig 

specialised holdings and the size of the agricultural labour force for 2005, 2007, 2010 and 2013. 

The estimated population at risk for each year was calculated by multiplying the proportion of 

pig specialized agricultural holds by the total agricultural labour force (formula below). A 10% 

upper margin of error was then added to the average population at risk between 2005 and 2013 to 

account for butchers, hunters, slaughterhouse and meat factory workers not included in the 

agricultural census. The average size of the general population for each country between 2005 

and 2013 was calculated by averaging the national census figures for 2005, 2007, 2010 and 2013 

(82–91). When population size estimates were not available on national databases, the estimates 

from the OECD were used (92). The estimated incidence was calculated for both the total 

population and the population at risk (Appendix 4 Table). The data on S. pneuomoniae and N. 
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meningitidis incidence was reported by the European CDC (93). The average incidence between 

2010 and 2013 (S. pneumoniae) and 2005 and 2013 (N. meningitidis) is displayed on (Appendix 

Table 6).  

Formulas 

 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑜𝑜𝑜𝑜 𝑝𝑝𝑜𝑜𝑝𝑝𝑝𝑝𝑝𝑝𝐸𝐸𝐸𝐸𝐸𝐸𝑜𝑜𝑜𝑜 𝐸𝐸𝐸𝐸 𝑟𝑟𝐸𝐸𝐸𝐸𝑟𝑟 = 

�
𝑜𝑜𝑝𝑝𝐸𝐸𝑛𝑛𝐸𝐸𝑟𝑟 𝑜𝑜𝑜𝑜 𝑝𝑝𝐸𝐸𝑝𝑝 ℎ𝑜𝑜𝑝𝑝𝑜𝑜𝐸𝐸𝑜𝑜𝑝𝑝𝐸𝐸 𝐸𝐸𝑜𝑜 𝐸𝐸 𝑝𝑝𝐸𝐸𝑔𝑔𝐸𝐸𝑜𝑜 𝑐𝑐𝑜𝑜𝑝𝑝𝑜𝑜𝐸𝐸𝑟𝑟𝑐𝑐 

𝑜𝑜𝑝𝑝𝐸𝐸𝑛𝑛𝐸𝐸𝑟𝑟 𝑜𝑜𝑜𝑜 𝐸𝐸𝑝𝑝𝑟𝑟𝐸𝐸𝑐𝑐𝑝𝑝𝑝𝑝𝐸𝐸𝑝𝑝𝑟𝑟𝐸𝐸𝑝𝑝 ℎ𝑜𝑜𝑝𝑝𝑜𝑜𝐸𝐸𝑜𝑜𝑝𝑝𝐸𝐸 𝐸𝐸𝑜𝑜 𝐸𝐸 𝑝𝑝𝐸𝐸𝑔𝑔𝐸𝐸𝑜𝑜 𝑐𝑐𝑜𝑜𝑝𝑝𝑜𝑜𝐸𝐸𝑟𝑟𝑐𝑐�𝑥𝑥  𝑜𝑜𝑜𝑜.𝑜𝑜𝑜𝑜 𝑝𝑝𝐸𝐸𝑟𝑟𝐸𝐸𝑜𝑜𝑜𝑜𝐸𝐸 𝐸𝐸𝑜𝑜 𝐸𝐸𝑝𝑝𝑟𝑟𝐸𝐸𝑐𝑐𝑝𝑝𝑝𝑝𝐸𝐸𝑝𝑝𝑟𝑟𝐸𝐸𝑝𝑝 𝑝𝑝𝐸𝐸𝑛𝑛𝑜𝑜𝑝𝑝𝑟𝑟 𝑜𝑜𝑜𝑜𝑟𝑟𝑐𝑐𝐸𝐸 

 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑜𝑜 𝐸𝐸𝑜𝑜𝑐𝑐𝐸𝐸𝑜𝑜𝐸𝐸𝑜𝑜𝑐𝑐𝐸𝐸 𝑜𝑜𝑜𝑜 𝑆𝑆. 𝐸𝐸𝑝𝑝𝐸𝐸𝐸𝐸 𝐸𝐸𝑜𝑜 𝐸𝐸ℎ𝐸𝐸 𝑝𝑝𝑜𝑜𝑝𝑝𝑝𝑝𝑝𝑝𝐸𝐸𝐸𝐸𝐸𝐸𝑜𝑜𝑜𝑜 

�
𝑜𝑜𝑝𝑝𝐸𝐸𝑛𝑛𝐸𝐸𝑟𝑟 𝑜𝑜𝑜𝑜 𝑐𝑐𝑜𝑜𝑜𝑜𝑜𝑜𝐸𝐸𝑟𝑟𝐸𝐸𝐸𝐸𝑜𝑜 𝑐𝑐𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑜𝑜𝑜𝑜 ℎ𝑝𝑝𝐸𝐸𝐸𝐸𝑜𝑜 𝑆𝑆. 𝐸𝐸𝑝𝑝𝐸𝐸𝐸𝐸 𝑜𝑜𝑝𝑝𝑟𝑟𝐸𝐸𝑜𝑜𝑝𝑝 𝐸𝐸𝑝𝑝𝐸𝐸𝑐𝑐𝐸𝐸𝑜𝑜𝐸𝐸𝐸𝐸𝑜𝑜 𝑝𝑝𝐸𝐸𝑟𝑟𝐸𝐸𝑜𝑜𝑜𝑜 

𝐸𝐸𝐸𝐸𝑠𝑠𝐸𝐸 𝑜𝑜𝑜𝑜 𝑝𝑝𝑜𝑜𝑝𝑝𝑝𝑝𝑝𝑝𝐸𝐸𝐸𝐸𝐸𝐸𝑜𝑜𝑜𝑜  𝐸𝐸𝑜𝑜 𝐸𝐸𝑝𝑝𝐸𝐸𝑐𝑐𝐸𝐸𝑜𝑜𝐸𝐸𝐸𝐸𝑜𝑜 𝑝𝑝𝐸𝐸𝑟𝑟𝐸𝐸𝑜𝑜𝑜𝑜 �𝑥𝑥 100,000 𝑝𝑝𝐸𝐸𝑟𝑟𝐸𝐸𝑜𝑜𝑜𝑜𝐸𝐸  

 

Appendix Table 1. Primers used in this study to distinguish between serotype 1 and 14. 

Primer  DNA sequence 
cps14K_forward GCTATCAGATGCCCGTAATTATGGC 
cps14K_reverse GCCTAAAAACAAAACAGCAAAGGC 
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Appendix Table 2. Collected S. suis cases and metadata during the Survey study 

Isolate 

Isolate Metadata Patient Metadata 

Ref Country 
Year 

isolated Year reported Source Test method Serotype ST WGS Sex 
Age 

range, y 
Clinical 

symptoms Occupation 
133899 Czech 

Republic 
NA NA NA API Strep, 

PCR 
2 11 This 

study 
NA NA NA NA NA 

136829 Czech 
Republic 

NA NA NA API Strep, 
PCR 

2 1 This 
study 

NA NA NA NA NA 

139809 Czech 
Republic 

NA NA NA API Strep, 
PCR 

2 1 This 
study 

M NA NA Works with 
pigs 

NA 

143741 Czech 
Republic 

2001 NA CSF API Strep, 
PCR 

2 25 This 
study 

M 66–70 Meningitis Works with 
pigs 

NA 

147422 Czech 
Republic 

2003 NA CSF API Strep, 
PCR 

2 1 This 
study 

M 56–60 Meningitis Works with 
pigs 

NA 

148550 Czech 
Republic 

2003 NA CSF API Strep, 
PCR 

2 1 This 
study 

M 61–65 Meningitis Works with 
pigs 

NA 

148897 Czech 
Republic 

2003 NA CSF API Strep, 
PCR 

2 25 This 
study 

F 61–65 Meningitis NA NA 

150002 Czech 
Republic 

2004 NA Blood API Strep, 
PCR 

2 25 This 
study 

M 31–35 NA NA NA 

150808 Czech 
Republic 

2005 NA CSF API Strep, 
PCR 

2 1 This 
study 

F 36–40 Meningitis Works with 
pigs 

NA 

150968 Czech 
Republic 

2011 NA Blood API Strep, 
PCR 

2 1 This 
study 

F 51–55 Meningitis Work with pigs NA 

155567 Czech 
Republic 

2012 NA CSF API Strep, 
PCR 

2 1 This 
study 

M 56–60 Meningitis/ 
septicemia 

NA NA 

515/2012 Czech 
Republic 

2011 NA Blood API Strep, 
PCR 

7 29 This 
study 

M 51–55 Septicemia NA NA 

300/2014 Czech 
Republic 

2012 NA CSF API Strep, 
PCR 

2 1 This 
study 

F 41–45 Septicemia NA NA 

821/2014 Czech 
Republic 

2014 NA CSF API Strep, 
PCR 

2 1 This 
study 

M 0–5 Meningitis/ 
septicemia 

NA NA 

783/2015 Czech 
Republic 

2015 NA Blood API Strep, 
PCR  

2 NA* This 
study 

M 61–65 NA NA NA 

84/2016 Czech 
Republic 

2016 NA NA API Strep, 
PCR 

2 1 This 
study 

F 61–65 Septicemia NA NA 

150687 Czech 
Republic 

2005 NA CSF API Strep, 
PCR 

2 1660 This 
study 

F 51–55 Meningitis NA NA 

16770 Germany 1998 NA CSF NA 2 1 This 
study 

NA NA NA NA NA 

18911 Germany 2001 NA Blood NA 2 1 This 
study 

M 31–35 NA NA NA 

19691 Germany 2003 NA Blood NA 2 1 This 
study 

M 46–50 NA NA NA 

20014 Germany 2004 NA CSF NA 2 1 This 
study 

F 36–40 NA NA NA 
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Isolate 

Isolate Metadata Patient Metadata 

Ref Country 
Year 

isolated Year reported Source Test method Serotype ST WGS Sex 
Age 

range, y 
Clinical 

symptoms Occupation 
23674 Germany 2005 NA Blood NA 2 1 This 

study 
M 26–30 NA NA NA 

26556 Germany 2005 NA CSF NA 14 1 This 
study 

M 56–60 NA NA NA 

29429 Germany 2004 NA NA NA 14 1 This 
study 

NA NA NA Pig farmer NA 

35192 Germany 2008 NA CSF NA 2 19 This 
study 

M 66–70 NA NA NA 

36305 Germany 2008 NA Blood NA 2 19 This 
study 

M 61–65 NA NA NA 

45583 Germany 2010 NA Blood NA 2 1 This 
study 

F 71–75 NA NA NA 

46581 Germany 2010 NA Blood NA 2 1 This 
study 

F 46–50 NA NA NA 

15194 Germany 1990 NA CSF NA 2 1661 This 
study 

NA NA NA NA NA 

15459 Germany NA NA NA NA 2 1 This 
study 

NA NA NA NA NA 

15901 Germany 1994 NA NA NA 14 1 This 
study 

NA NA NA NA NA 

16064 Germany 1994 NA NA NA 2 1662 This 
study 

NA NA NA NA NA 

17387 Germany 1999 NA CSF NA 5 1663 This 
study 

NA NA NA NA NA 

18364 Germany 2000 NA CSF NA 2 1 This 
study 

M 36–40 NA NA NA 

18939 Germany 2001 NA Blood NA 2 1 This 
study 

M NA NA NA NA 

19514 Germany 2002 NA NA NA 2 1 This 
study 

NA NA NA NA NA 

21150 Germany 2004 NA CSF NA 14 1 This 
study 

M 26–30 NA NA NA 

82749 Germany 2018 NA Blood NA 5 1707 This 
study 

M 41–45 NA Pig farmer NA 

16318 Germany 1996 NA NA NA NA NA NA NA NA NA NA NA 
19395 Germany 2002 NA NA NA NA NA NA NA NA NA NA NA 
19396 Germany 2002 NA NA NA NA NA NA NA NA NA NA NA 
48919 Germany 2011 NA Blood NA NA NA NA F 46–50 NA NA NA 
4249 Denmark NA NA Blood Phenotypic 

methods 
14 NA NA NA NA Sepsis NA NA 

H48896 Denmark 2002 NA Blood Phenotypic 
methods 

14 NA NA M 56–60 Sepsis NA NA 

None Denmark NA NA CSF Phenotypic 
methods 

14 NA NA M NA Meningitis/ 
sepsis 

NA NA 
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Isolate 

Isolate Metadata Patient Metadata 

Ref Country 
Year 

isolated Year reported Source Test method Serotype ST WGS Sex 
Age 

range, y 
Clinical 

symptoms Occupation 
H55346 Denmark 2002 NA Blood Phenotypic 

methods 
14 NA NA M 51–55 Sepsis NA NA 

DK1 Denmark 2016 NA Blood NA 2 1 This 
study 

F 51–55 NA NA NA 

901131 Netherlands 1990 2012 CSF/ 
Blood 

NA 2 134 7 M 51–55 Meningitis NA 7 

902409 Netherlands 1990 2012 NA API Strep 2 1 7 M 36–40 Meningitis NA 7 
920694 Netherlands 1992 2012 CSF API Strep 2 20 7 M 56–60 Meningitis NA 7 
931260 Netherlands 1993 2012 CSF API Strep 2 20 7 M NA Meningitis NA 7 
940056 Netherlands 1994 2012 CSF/ 

Blood 
API Strep 2 1 7 M 56–60 Meningitis NA 7 

940255 Netherlands 1994 2012 Blood API Strep 2 20 7 M 51–55 Meningitis Pig breeder 7 

940430 Netherlands 1994 2012 CSF/ 
Blood 

API Strep 2 1 7 M 51–55 Meningitis NA 7 

941372 Netherlands 1994 2012 CSF API Strep 2 20 7 M 61–65 Meningitis NA 7 
950136 Netherlands 1995 2012 CSF API Strep 2 20 7 M 51–55 Meningitis NA 7 
971344 Netherlands 1997 2012 CSF/ 

Blood 
API Strep 2 1 7 M 41–45 Meningitis Pig keeper 7 

971724 Netherlands 1997 2012 Blood API Strep 2 1 7 M 51–55 Meningitis Butcher 7 
2000343 Netherlands 2000 2008 CSF API Strep 2 1 7 M 61–65 Meningitis Pig farmer 8 
2001171 Netherlands 2000 2012 Blood API Strep 2 20 7 M 61–65 Meningitis Pig keeper 7 
2001946 Netherlands 2000 2008 CSF/ 

Blood 
MALDI-TOF 2 1 7 M 56–60 Meningitis Pig farmer 8 

2011423 Netherlands 2001 2008 CSF MALDI-TOF 2 1 7 M 46–50 Meningitis Pig farmer 8 

2012092 Netherlands 2001 2012 CSF API Strep 2 20 7 M 31–35 Meningitis Meat 
processing  

7 

2032008 Netherlands 2003 2012 CSF/ 
Blood 

API Strep 2 20 7 M 56–60 Meningitis Pig keeper 7 

2051729 Netherlands 2005 2012 CSF/ 
Blood 

API Strep 2 20 7 M 66–70 Meningitis NA 7 

2061238 Netherlands 2006 2012 CSF API Strep 2 146 7 M 26–30 Meningitis NA 7 
2061410 Netherlands 2006 2012 CSF/ 

Blood 
API Strep 2 1 7 M 36–40 Meningitis NA 7 

2071319 Netherlands 2007 2012 CSF API Strep 2 1 7 M 46–50 Meningitis Butcher 7 
902035 Netherlands 1990 2012 CSF API Strep NA NA NA F 0–5 Meningitis/ 

sepsis 
NA 7 

20120669 Netherlands 2007 2012 Blood API Strep NA NA NA M 51–55 Meningitis NA 7 
2121473 Netherlands 2012 2012 CSF/ 

Blood 
API Strep NA NA NA M 41–45 Meningitis/ 

sepsis 
NA 7 

2150651 Netherlands 2015 2012 Blood API Strep NA NA NA M 56–60 Meningitis NA 7 
H17232068
7 

United 
Kingdom 

2017 NA CSF API  RAPID 
ID32/ 16S 
rDNA seq 

2 1708 This 
study 

M 46–50 Meningitis NA NA 
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Isolate 

Isolate Metadata Patient Metadata 

Ref Country 
Year 

isolated Year reported Source Test method Serotype ST WGS Sex 
Age 

range, y 
Clinical 

symptoms Occupation 
H14344070
9 

Ireland 2014 NA CSF API  RAPID 
ID32/ 16S 
rDNA seq 

14 1 This 
study 

M NA Meningitis NA NA 

H15526081
9 

Ireland 2015 NA Blood API  RAPID 
ID32/ 16S 
rDNA seq 

2 1 This 
study 

M 41–45 Septicemia NA NA 

H14344071
1 

Ireland 2014 NA Blood API  RAPID 
ID32/ 16S 
rDNA seq 

14 1 This 
study 

M NA Meningitis NA NA 

H10408014
6 

United 
Kingdom 

2010 NA Blood API  RAPID 
ID32/ 16S 
rDNA seq 

2 1 This 
study 

M 76–80 Septicemia NA NA 

H14344071
0 

Ireland 2014 NA Blood API  RAPID 
ID32/ 16S 
rDNA seq 

14 1 This 
study 

M NA Meningitis NA NA 

SP1 Spain 2014 NA NA NA 2 1 This 
study 

M 46–50 NA Abattoir worker NA 

Spain2 Spain NA NA NA NA NA NA NA NA NA UTI NA NA 
Spain3 Spain NA NA Blood NA NA NA NA NA NA Bacteremia NA NA 
Spain4 Spain NA NA Blood NA NA NA NA NA NA Bacteremia NA NA 
Spain5 Spain 2014 NA NA NA NA NA NA M 46–50 NA NA NA 
Spain6 Spain 2018 NA NA NA NA NA NA M 61–65 NA NA NA 
Spain7 Spain NA NA Semen NA NA NA NA M NA NA NA NA 
Spain8 Spain NA NA CSF NA NA NA NA NA NA NA NA NA 
2309 Poland 2000 2016 CSF Vitek MS 2 1 NA M 46–50 Meningitis NA 9 
3177 Poland 2003 2016 CSF Vitek MS 2 1 NA M 46–50 Meningitis NA 9 
3006 Poland 2004 2016 CSF/ 

Blood 
Vitek MS 2 1 NA M 46–50 Meningitis Butcher 9 

3899 Poland 2004 2016 CSF Vitek MS 2 1 NA M 46–50 Meningitis Pig farmer 9 
2610 Poland 2005 2016 CSF/ 

Blood 
Vitek MS 2 1 NA F 51–55 Meningitis NA 9 

3828 Poland 2005 2016 CSF Vitek MS 2 1 NA F 36–40 Meningitis NA 9 
626 Poland 2006 2016 Blood Vitek MS 2 1 NA M 36–40 Endocarditis NA 9 
584 Poland 2007 2016 CSF/ 

Blood 
Vitek MS 2 1 NA M 26–30 Meningitis NA 9 

3586 Poland 2008 2016 CSF/ 
Blood 

Vitek MS 2 1 NA M 66–70 Meningitis NA 9 

6571 Poland 2009 2016 CSF Vitek MS 2 1 NA M 36–40 Meningitis NA 9 
41 Poland 2010 2016 Blood Vitek MS 2 1 NA M 56–60 Meningitis NA 9 
1738 Poland 2010 2016 CSF Vitek MS 2 1 NA M 51–55 Meningitis NA 9 
4524 Poland 2010 2016 CSF Vitek MS 2 1 NA M 56–60 Meningitis NA 9 
6021 Poland 2010 2016 CSF Vitek MS 2 1 NA F 51–55 Meningitis NA 9 
5228 Poland 2011 2016 CSF/ 

Blood 
Vitek MS 2 1 NA M 31–35 Meningitis NA 9 

8719 Poland 2011 2016 CSF Vitek MS 2 1 NA M 56–60 Meningitis NA 9 
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Isolate 

Isolate Metadata Patient Metadata 

Ref Country 
Year 

isolated Year reported Source Test method Serotype ST WGS Sex 
Age 

range, y 
Clinical 

symptoms Occupation 
174 Poland 2012 2016 CSF Vitek MS 2 1 NA M 61–65 Meningitis NA 9 
6708 Poland 2012 2016 CSF Vitek MS 2 1 NA M 46–50 Meningitis NA 9 
4011 Poland 2013 2016 CSF Vitek MS 2 1 NA M 56–60 Meningitis NA 9 
4364 Poland 2013 2016 CSF Vitek MS 2 1 NA F 51–55 Meningitis NA 9 
5604 Poland 2013 2016 CSF Vitek MS 2 1 NA M 61–65 Meningitis NA 9 
*To avoid case identification, the age of each patient is shown as a 5 year range. One of the 7 core genes used for MLST typing did not assemble; the other 6 genes had allele 1 suggesting this isolate 
belongs to CC1. CC, clonal complex; MLST, multilocus sequence typing; NA, not available; ST, sequence type; WGS, whole genome sequencing. 

 

Appendix Table 3. Collected S. suis cases and metadata during the Systematic search study. To avoid case identification, the age of each patient is shown as a 5 year range* 

Isolate 

Isolate Metadata Patient Metadata 

Ref Country 
Year 

isolated 
Year 

reported Source Serotype ST WGS Sex 
Age 

range, y Clinical symptoms Occupation 
AUS01 Austria NA 1999 CSF NA NA NA F 61–65 Meningitis; hearing 

loss 
Pig farmer 10 

CRO01 Croatia 2000 2002 Blood NA NA NA M NA Septic shock; Died NA 11 
CRO02 Croatia 2000 2002 CSF NA NA NA M NA Meningitis NA 11 
CZ01 Czech Republic NA 2013 Blood NA NA NA M 61–65 Sepsis; 

spondylodiscitis 
Pig farmer 12 

MAC 724 Germany NA 2002 Blood 2 1 NA M NA Died Butcher 13 
BK52339 Germany 2012 2015 Blood 2 1 NA M NA Septicemia; died Hunter 14 
TiHo441 Germany 2011 2015 Blood 2 1 NA NA NA Septicemia NA 14 
TiHo224 Germany NA 2005 Blood/heart 2 NA NA M 41–45 Endocarditis NA 15 
199 Germany NA 2003 CSF/blood NA NA NA M 51–55 Sepsis; meningitis; 

hearing loss 
Hunter 16 

DE06 Germany NA 2002 Blood 2 NA NA M 36–40 Septic shock Truck driver 
(pork) 

17 

DE07 Germany NA 2002 Pharyngeal 
swab 

2 NA NA NA NA NA Abattoir  17 

DE08 Germany NA 2002 Pharyngeal 
swab 

2 NA NA NA NA NA Abattoir  17 

DE09 Germany NA 2002 Pharyngeal 
swab 

2 NA NA NA NA NA Abattoir  17 

DE10 Germany NA 2002 Pharyngeal 
swab 

2 NA NA NA NA NA Meat 
processing 

factory  

17 

DE11 Germany NA 2002 Pharyngeal 
swab 

2 NA NA NA NA NA Meat 
processing 

factory  

17 

DE12 Germany NA 2002 Pharyngeal 
swab 

2 NA NA NA NA NA Meat 
processing 

factory  

17 
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Isolate 

Isolate Metadata Patient Metadata 

Ref Country 
Year 

isolated 
Year 

reported Source Serotype ST WGS Sex 
Age 

range, y Clinical symptoms Occupation 
DE13 Germany NA 2002 Pharyngeal 

swab 
2 NA NA NA NA NA Meat 

processing 
factory  

17 

DE14 Germany NA 2007 CSF/ blood 2 NA NA M 41–45 Meningitis; hearing 
loss 

Butcher 18 

DE15 Germany NA 1997 CSF/ blood NA NA NA M 51–55 Meningitis, hearing 
loss 

Hunter 19 

DSM28762 Germany 2002 2021 Blood 2 19 Yes NA NA NA NA 20 
11611 Germany NA 2013 NA 2 1 Yes NA NA NA NA 21 
DK01 Denmark 2006 2009 CSF/ blood 14 NA NA M 51–55 Meningitis; 

spondylodiscitis, 
bacteremia 

Pig farmer 22 

FR01 France NA 1996 CSF/ blood NA NA NA M 26–30 Meningitis Butcher 23 
FR02 France 1991 1992 CSF NA NA NA M 56–60 Meningitis Meat 

processing 
factory  

24 

FR03 France NA 2001 CSF 2 NA NA M 56–60 Meningitis, hearing 
loss 

Pig breeder and 
hunter 

25 

FR04 France 1994 1996 Blood 2 NA NA M 36–40 Endocarditis Butcher 26 
FR05 France 1996 1998 CSF/ blood 2 1 NA M 46–50 Meningitis; septic 

shock; 
Butcher 27 

FR06 France NA 2008 CSF NA NA NA M 31–35 Meningitis; visual 
impairment 

Lorry driver 28 

FR07 France NA 2003 Blood NA NA NA NA NA Bacteremia; septic 
shock; died 

Hunter 29 

GRE01 Greece NA 2015 CSF/ blood NA NA NA M 31–35 Fever; partial hearing 
loss 

Pig farmer 30 

GRE02 Greece NA 2005 CSF/ blood 2 NA NA F 61–65 Meningitis; sepsis; 
hearing loss 

NA 31 

GRE03 Greece NA 2006 Blood NA NA NA M 56–60 Endocarditis  Butcher and 
farmer 

32 

HUN01 Hungary NA 2020 Blood 2 NA NA M 31–35 Died; sepsis Butcher 33 
HUN02 Hungary NA 2020 Blood NA NA NA M NA NA NA 34 
HUN03 Hungary NA 2020 Blood NA NA NA M NA NA NA 34 
HUN04 Hungary NA 2020 Blood NA NA NA M NA NA NA 34 
HUN05 Hungary NA 2020 Blood NA NA NA M NA NA NA 34 
HUN06 Hungary NA 2020 Blood NA NA NA M NA NA NA 34 
HUN07 Hungary NA 2020 Blood NA NA NA M NA NA NA 34 
HUN08 Hungary NA 2020 Blood NA NA NA M NA NA NA 34 
HUN09 Hungary NA 2020 Blood NA NA NA M NA NA NA 34 
HUN10 Hungary NA 2020 Blood NA NA NA M NA NA NA 34 
HUN11 Hungary NA 2020 Blood NA NA NA M NA NA NA 34 
HUN12 Hungary NA 2020 Blood NA NA NA M NA NA NA 34 
HUN13 Hungary NA 2020 Blood NA NA NA M NA NA NA 34 
HUN14 Hungary NA 2020 Blood NA NA NA M NA NA NA 34 
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Isolate 

Isolate Metadata Patient Metadata 

Ref Country 
Year 

isolated 
Year 

reported Source Serotype ST WGS Sex 
Age 

range, y Clinical symptoms Occupation 
HUN15 Hungary NA 2020 Blood NA NA NA M NA NA NA 34 
HUN16 Hungary NA 2020 Blood NA NA NA M NA NA NA 34 
HUN17 Hungary NA 2020 Blood NA NA NA M NA NA NA 34 
HUN18 Hungary NA 2020 Blood NA NA NA M NA NA NA 34 
HUN19 Hungary NA 2020 Blood NA NA NA M NA NA NA 34 
HUN20 Hungary NA 2020 Blood NA NA NA M NA NA NA 34 
HUN21 Hungary NA 2020 Blood NA NA NA M NA NA NA 34 
HUN22 Hungary NA 2020 CSF/ blood NA NA NA F NA NA NA 34 
HUN23 Hungary NA 2020 CSF/ blood NA NA NA F NA NA NA 34 
HUN24 Hungary NA 2020 CSF/ blood NA NA NA F NA NA NA 34 
HUN25 Hungary NA 2020 CSF/ blood 2 NA NA F NA NA NA 34 
HUN26 Hungary NA 2020 CSF/ blood 2 NA NA F NA NA NA 34 
HUN27 Hungary NA 2020 CSF/ blood 2 NA NA F NA NA NA 34 
HUN28 Hungary NA 2020 CSF/ blood 2 NA NA F NA NA NA 34 
HUN29 Hungary NA 2020 CSF/ blood 2 NA NA F NA NA NA 34 
HUN30 Hungary NA 2020 CSF/ blood 2 NA NA F NA NA NA 34 
HUN31 Hungary NA 2020 CSF/ blood 2 NA NA F NA NA NA 34 
HUN32 Hungary NA 2020 CSF/ blood 2 NA NA F NA NA NA 34 
HUN33 Hungary NA 2020 CSF/ blood 2 NA NA F NA NA NA 34 
HUN34 Hungary NA 2020 CSF/ blood 2 NA NA F NA NA NA 34 
HUN35 Hungary NA 2020 CSF/ blood 14 NA NA F NA NA NA 34 
HUN36 Hungary NA 2019 CSF/ blood NA NA NA M 46–50 Meningitis Hunter 35 
IRE01 Ireland NA 1995 NA NA NA NA M 21–25 Sepsis, died Pig farmer 36 
ITA01 Italy NA 2007 CSF NA 1 NA M 26–30 Meningitis Butcher 37 
SsRC-1 Italy 2016 2016 Blood 2 1 Yes M 51–55 Septic shock, died Pig farmer 38 
ITA03 Italy 2007 2008 CSF 2 1 NA M 66–70 Meningitis NA 39 
ITA04 Italy NA 1995 CSF NA NA NA NA 51–55 Meningitis Farmer 40 
ITA05 Italy NA 2010 CSF NA NA NA F 46–50 Meningitis Caregiver 41 
861160 Netherlands 1986 2012 CSF 2 20 Yes M 36–40 Meningitis NA 42 
870040 Netherlands 1987 2012 CSF 2 1 Yes M 26–30 Meningitis NA 42 
890267 Netherlands 1989 2012 CSF 2 1 Yes M 46–50 Meningitis NA 42 
NL01 Netherlands 2006 2012 CSF/ blood NA NA NA M 56–60 Meningitis, hearing 

loss 
Meat 

processing 
factory  

43 

NL26 Netherlands 2001 2008 CSF NA NA NA F 31–35 Meningitis Butcher 44 
NL27 Netherlands 2007 2015 CSF/ blood NA NA NA M 61–65 Meningitis, hearing 

loss 
Pig farmer 45 

NL28 Netherlands 2008 2015 CSF/ blood NA NA NA M 36–40 Meningitis, hearing 
loss 

Pig farmer 45 

NL29 Netherlands 2011 2015 CSF/ blood NA NA NA M 56–60 Meningitis, hearing 
loss 

Abattoir 45 

NL30 Netherlands 2012 2015 CSF/ blood NA NA NA M 76–80 Meningitis, hearing 
loss 

Pig farmer 45 

NL31 Netherlands 2015 2015 Blood 2 NA NA M 56–60 Meningitis Butcher 45 



 

Page 17 of 37 

Isolate 

Isolate Metadata Patient Metadata 

Ref Country 
Year 

isolated 
Year 

reported Source Serotype ST WGS Sex 
Age 

range, y Clinical symptoms Occupation 
NL32 Netherlands 1989 1990 Blood NA NA NA M 26–30 Sepsis Pig weigher 46 
POL22 Poland NA 2013 CSF/ blood NA NA NA M 31–35 Meningitis Butcher 47 
POR01 Portugal 2011 2014 CSF/ blood NA NA NA M 41–45 Meningitis Pork griller 48 
POR02 Portugal NA 2008 CSF NA NA NA M 31–35 Meningitis NA 49 
POR03 Portugal NA 2005 NA NA NA NA M 46–50 Meningitis Butcher 50 
POR04 Portugal NA 2017 CSF/ blood NA NA NA M 46–50 Meningitis, hearing 

loss 
Butcher 51 

SER01 Serbia 2003 2005 CSF/ blood NA NA NA M NA Meningitis, hearing 
loss 

Pig farmer 52 

SER02 Serbia 2003 2005 CSF NA NA NA M NA Meningitis, hearing 
loss 

Pig farmer 52 

SER03 Serbia 2003 2005 CSF NA NA NA M NA Meningitis, hearing 
loss 

Pig farmer 52 

SER04 Serbia 2003 2005 CSF NA NA NA M NA Meningitis, hearing 
loss 

NA 52 

SER05 Serbia 2003 2005 CSF NA NA NA M NA Meningitis NA 52 
SP01 Spain NA 2006 Blood NA NA NA M 56–60 Endocarditis, 

spondylodiscitis  
Restaurant 

owner 
53 

SP02 Spain NA 2009 Blood 2 NA NA M 66–70 Endocarditis Helped at pig 
farm 

54 

SP03 Spain NA 2012 Blood NA NA NA M 61–65 Meningitis NA 55 
SP04 Spain 1999 2001 CSF/ blood NA NA NA M 26–30 Meningitis Butcher 56 
SP05 Spain 1999 2001 CSF NA NA NA M 21–25 Meningitis, hearing 

loss 
Butcher 56 

SP06 Spain 2012 2014 CSF/ blood 2 3 NA M 56–60 Meningitis, septic 
shock 

NA 57 

SP07 Spain NA 2007 CSF/ blood NA NA NA M 31–35 Meningitis, hearing 
loss 

Chicken farmer 58 

SP08 Spain NA 2008 CSF/ blood NA NA NA F 26–30 Meningitis Butcher 59 
SP09 Spain NA 2016 Blood 2 NA NA M 51–55 Septic shock Pig farmer 60 
SP10 Spain 2004 2006 CSF/ blood NA NA NA M 36–40 Meningitis Pig farmer 61 
SP11 Spain NA 2012 Blood NA NA NA M 31–35 Meningitis, hearing 

loss 
Pig farmer 62 

SP12 Spain NA 2009 CSF NA NA NA F 81–85 Meningitis, 
spondylodiscitis 

NA 63 

SP13 Spain NA 1994 NA NA NA NA F 56–60 Sacrolitis NA 64 
SP14 Spain NA 2011 CSF/ blood 2 NA NA F 31–35 Meningitis, hearing 

loss 
Pig farmer 65 

SP15 Spain NA 2005 CSF/ blood 2 NA NA M 26–30 Meningitis Meat 
processing 

factory  

66 

SP16 Spain NA 2012 Blood 2 3 NA M 36–40 Meningitis, visual 
impairment 

Pig farmer 67 

SP17 Spain 1998 1998 CSF/ blood NA NA NA M 46–50 Meningitis, hearing 
loss 

Pig farmer 68 
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Isolate 

Isolate Metadata Patient Metadata 

Ref Country 
Year 

isolated 
Year 

reported Source Serotype ST WGS Sex 
Age 

range, y Clinical symptoms Occupation 
SP18 Spain 1998 1998 CSF NA NA NA M 46–50 Meningitis Butcher 68 
SP19 Spain 1997 1997 CSF/ blood NA NA NA M 51–55 Meningitis Pig farmer 69 
SP20 Spain 2014 2018 NA 2 1 NA M 46–50 Meningitis, arthritis Hunter 70 
SP21 Spain 2013 2021 CSF/ blood NA NA NA M 46–50 Meningitis Butcher 71 
SP22 Spain 2014 2021 CSF NA NA NA M 46–50 Meningitis Pig farmer 71 
SP23 Spain 2018 2021 Blood NA NA NA M 61–65 Endocarditis Pig farmer 71 
SP24 Spain 2018 2021 Semen NA NA NA M 46–50 Orchitis NA 71 
SP25 Spain 2019 2021 CSF NA NA NA M 41–45 Meningitis Pig farmer 71 
SP26 Spain 2019 2021 Blood/ synovial 

fluid 
NA NA NA M 61–65 Sepsis/ arthritis Pig farmer 71 

SP27 Spain 2019 2021 Synovial fluid NA NA NA M 36–40 Prosthetic hip 
infection 

Pig farmer 71 

SP28 Spain NA 2014 CSF NA NA NA M 61–65 Meningitis NA 72 
SWE01 Sweden NA 2014 Blood/ synovial 

fluid 
5 NA NA M 61–65 Arthritis Pig farmer 73 

GE-034 Switzerland NA 2020 Blood 14 1 Yes F 41–45 Septic shock NA 74 
UK01 United Kingdom NA 1991 CSF/ blood NA NA NA M 56–60 Meningitis, died Meat porter 75 
UK02 United Kingdom NA 1992 CSF/ blood NA NA NA M 46–50 Meningitis, visual 

impairment 
Pig farmer 76 

UK03 United Kingdom 1999 2001 Blood 14 NA NA M 26–30 Septicemia, died Pig farmer 77 
UK04 United Kingdom NA 1990 Blood NA NA NA F 41–45 Sepsis Pig farmer 78 
*NA, not available; ST, sequence type; WGS, whole genome sequencing. 
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Appendix Table 4. Number of reported human S. suis infections in the Public Health England zoonosis reports (79) 

Years No. of isolates 
1991–2000 20 
2001 1 
2002 1 
2003 1 
2004 0 
2005 2 
2006 2 
2007 2 
2008 7 
2009 2 
2010 4 
2011 1 
2012 3 
2013 3 
2014 3 
2015 4 
2016 1 
2017 4 
Total 61 

 

Appendix Table 5. Number of reported human S. suis infections in the National Institute for Public Health and Environment of the 

Netherlands. To avoid case identification, the age of each patient is shown as a 5 year range NA stands for missing information 

Isolate 
Isolate Metadata Patient Metadata 

Ref Year isolated Source Sex Age range, y Clinical symptoms 
NL33 1990 CSF M 41–45 NA 80 
NL34 1990 Blood M 66–70 NA 80 
NL35 1992 Blood M 71–75 NA 80 
NL36 1993 Blood NA 51–55 NA 80 
NL37 1996 Throat swab M 36–40 NA 80 
NL38 1996 NA M 71–75 NA 80 
NL39 1996 Blood M 51–55 Meningitis 80 
NL40 1999 Blood M 66–70 NA 80 
NL41 2004 Blood M 0–5 NA 80 
NL42 2006 CSF/ blood M 61–65 NA 80 
NL43 2006 Blood M 56–60 NA 80 
NL44 2007 Urine F 0–5 Urinary tract infection 80 
NL45 2008 Dialysate F 56–60 Peritonitis 80 
NL46 2008 Urine F 41–45 NA 80 
NL47 2008 Bilious abdominal fluid M 86–90 NA 80 
NL48 2009 Wound culture F 51–55 NA 80 
NL49 2009 Wound culture F 36–40 NA 80 
NL50 2009 Wound culture M 36–40 NA 80 
NL51 2010 Urine F 21–25 Urinary tract infection 80 
NL52 2010 Abscess fluid M 26–30 NA 80 
NL53 2011 Urine F 66–70 NA 80 
NL54 2011 Pus M 71–75 NA 80 
NL55 2011 CSF/ blood M 46–50 NA 80 
NL56 2011 Urethra swab M 66–70 NA 80 
NL57 NA Wound culture F NA Sepsis 80 
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Appendix Table 6. Incidence estimates of human S. suis infections in European countries with at least 5 cases during 2005–2013*  

Country 
Population, 
thousands† 

Estimated 
at-risk 

population, 
thousands 

No. of S. 
suis 

infections 

Incidence in 
total population 

/100,000 
persons‡ 

Incidence in at-
risk population, 

/100,000 
persons‡ 

S. pneumoniae 
incidence in total 

population /100,000 
persons 

N. meningitidis 
incidence in total 

population 
/100,000 persons 

Czech Republic 10,393.68 46.05 7 0.0075 1.689 3.19 0.69 
Germany 81,793.72 189.53 12 0.0016 0.703 NA 0.55 
Hungary 10,021.71 509.01 36 0.0399 0.786 1.52 0.42 
Netherlands 16,507.50 24.72 11 0.0074 4.945 14.86 0.93 
Poland* 38,324.00 1,242.46 18 0.0052 0.161 1.10 0.67 
Spain 45,323.88 189.92 12 0.0029 0.702 5.84 1.09 
*NA, not available.  
†Used OECD estimates for total population 
‡Rough estimates of incidence and demographics of human Streptococcus suis infection reported to national reference laboratories during 2005–
2013.  

 

Appendix Table 7. Sequences used in this study and their accession numbers. 

Strain Bioproject Genbank Biosample SRA Illumina Reference 
This study 

133899 PRJNA917482 JARATX000000000 SAMN32539671 SRR26047323 This study 
136829 PRJNA917482 JAVMBI000000000 SAMN32539672 SRR26047322 This study 
139809 PRJNA917482 JARATW000000000 SAMN32539673 SRR26047311 This study 
143741 PRJNA917482 JARATV000000000 SAMN32539674 SRR26047300 This study 
147422 PRJNA917482 JARATU000000000 SAMN32539675 SRR26047289 This study 
148550 PRJNA917482 JARATT000000000 SAMN32539676 SRR26047282 This study 
148897 PRJNA917482 JARATS000000000 SAMN32539677 SRR26047281 This study 
150002 PRJNA917482 JARATR000000000 SAMN32539678 SRR26047280 This study 
150808 PRJNA917482 JARATQ000000000 SAMN32539679 SRR26047279 This study 
150968 PRJNA917482 JARATP000000000 SAMN32539680 SRR26047278 This study 
155567 PRJNA917482 JARATO000000000 SAMN32539681 SRR26047321 This study 
515/2012 PRJNA917482 JARATN000000000 SAMN32539682 SRR26047320 This study 
300/2014 PRJNA917482 JARATM000000000 SAMN32539683 SRR26047319 This study 
821/2014 PRJNA917482 JARATL000000000 SAMN32539684 SRR26047318 This study 
783/2015 PRJNA917482 JAVMBJ000000000 SAMN32539685 SRR26047317 This study 
84/2016 PRJNA917482 JARATK000000000 SAMN32539686 SRR26047316 This study 
150687 PRJNA917482 JAVMBK000000000 SAMN32539687 SRR26047315 This study 
16770 PRJNA917482 JARATJ000000000 SAMN32539688 SRR26047314 This study 
18911 PRJNA917482 JARATI000000000 SAMN32539689 SRR26047313 This study 
19691 PRJNA917482 JAVMBL000000000 SAMN32539690 SRR26047312 This study 
20014 PRJNA917482 JARATH000000000 SAMN32539691 SRR26047310 This study 
23674 PRJNA917482 JARATG000000000 SAMN32539692 SRR26047309 This study 
26556 PRJNA917482 JARATF000000000 SAMN32539693 SRR26047308 This study 
29429 PRJNA917482 JAVMBM000000000 SAMN32539694 SRR26047307 This study 
35192 PRJNA917482 JARATE000000000 SAMN32539695 SRR26047306 This study 
36305 PRJNA917482 JARATD000000000 SAMN32539696 SRR26047305 This study 
45583 PRJNA917482 JARATC000000000 SAMN32539697 SRR26047304 This study 
46581 PRJNA917482 JARATB000000000 SAMN32539698 SRR26047303 This study 
15194 PRJNA917482 JARATA000000000 SAMN32539699 SRR26047302 This study 
15459 PRJNA917482 JARASZ000000000 SAMN32539700 SRR26047301 This study 
15901 PRJNA917482 JARASY000000000 SAMN32539701 SRR26047299 This study 
16064 PRJNA917482 JARASX000000000 SAMN32539702 SRR26047298 This study 
17387 PRJNA917482 JARASW000000000 SAMN32539703 SRR26047297 This study 
18364 PRJNA917482 JAVMBN000000000 SAMN32539704 SRR26047296 This study 
18939 PRJNA917482 JARASV000000000 SAMN32539705 SRR26047295 This study 
19514 PRJNA917482 JARASU000000000 SAMN32539706 SRR26047294 This study 
21150 PRJNA917482 JARAST000000000 SAMN32539707 SRR26047293 This study 
82749 PRJNA917482 JARASS000000000 SAMN32539708 SRR26047292 This study 
DK1 PRJNA917482 JARASR000000000 SAMN32539709 SRR26047291 This study 
H172320687 PRJNA917482 JARASQ000000000 SAMN32539710 SRR26047290 This study 
H143440709 PRJNA917482 JARASP000000000 SAMN32539711 SRR26047288 This study 
H155260819 PRJNA917482 JARASO000000000 SAMN32539712 SRR26047287 This study 
H143440711 PRJNA917482 JARASN000000000 SAMN32539713 SRR26047286 This study 
H104080146 PRJNA917482 JARASM000000000 SAMN32539714 SRR26047285 This study 
H143440710 PRJNA917482 JARASL000000000 SAMN32539715 SRR26047284 This study 
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Strain Bioproject Genbank Biosample SRA Illumina Reference 
SP1 PRJNA917482 JARASK000000000 SAMN32539716 SRR26047283 This study 

Public Genomes 
861160 PRJEB11219 CZEH00000000 SAMEA3595177 ERR1055554 94 
870040 PRJEB11219 CZDK00000000 SAMEA3595178 ERR1055555 94 
890267 PRJEB11219 CZDM00000000 SAMEA3595179 ERR1055556 94 
901131 PRJEB11219 CZEW00000000 SAMEA3595180 ERR1055557 94 
902409 PRJEB11219 CZDT00000000 SAMEA3595181 ERR1055558 94 
920694 PRJEB11219 CZES00000000 SAMEA3595182 ERR1055559 94 
931260 PRJEB11219 CZDW00000000 SAMEA3595183 ERR1055560 94 
940056 PRJEB11219 CZEU00000000 SAMEA3595184 ERR1055561 94 
940255 PRJEB11219 CZDN00000000 SAMEA3595185 ERR1055562 94 
940430 PRJEB11219 CZDX00000000 SAMEA3595186 ERR1055563 94 
941372 PRJEB11219 CZEJ00000000 SAMEA3595187 ERR1055564 94 
950136 PRJEB11219 CZDZ00000000 SAMEA3595188 ERR1055565 94 
971344 PRJEB11219 CZDL00000000 SAMEA3595189 ERR1055566 94 
971724 PRJEB11219 CZEG00000000 SAMEA3595190 ERR1055567 94 
2000343 PRJEB11219 CZET00000000 SAMEA3595191 ERR1055568 94 
2001171 PRJEB11219 CZDY00000000 SAMEA3595192 ERR1055569 94 
2001946 PRJEB11219 CZDO00000000 SAMEA3595193 ERR1055570 94 
2011423 PRJEB11219 CZEO00000000 SAMEA3595194 ERR1055571 94 
2012092 PRJEB11219 CZEK00000000 SAMEA3595195 ERR1055572 94 
2032008 PRJEB11219 CZEV00000000 SAMEA3595196 ERR1055573 94 
2051729 PRJEB11219 CZEE00000000 SAMEA3595197 ERR1055574 94 
2061238 PRJEB11219 CZDQ00000000 SAMEA3595198 ERR1055575 94 
2061410 PRJEB11219 CZDV00000000 SAMEA3595199 ERR1055576 94 
2071319 PRJEB11219 CZEQ00000000 SAMEA3595200 ERR1055577 94 
SsRC-1 PRJNA445803 PYUF00000000 SAMN08799542 NA 95 
GE-034 pubMLST pubMLST pubMLST pubMLST 96 
DSM28762 PRJEB45445 NA SAMEA8942198 ERR6131134 97 
11611 PRJNA171412 ALKR00000000 SAMN02470636 NA 98 
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Appendix Figure 1. Human Streptococcus suis isolates included in phylogenic analysis.  
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Appendix Figure 2. Reported human Streptococcus suis infections by year in Europe, combining survey 

and systematic review data.  
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Appendix Figure 3. The 2 sublineages identified within zoonotic CC1 clade in Europe. Colored triangles 

indicate country of isolation. Colored ranges mark the 2 different groups: group 1 in blue and group 2 in 

orange. Outer ring indicates year of isolation; darker tones are associated with more recent and paler 

tones with more distant dates.  


