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Abstract

Background: Streptococcus (S.) suis is a major porcine pathogen causing high morbidity worldwide. This includes
well-managed herds with high hygiene standards. In Europe, no licensed vaccine is available. As practitioners are
obliged to reduce the use of antibiotics, autogenous S. suis vaccines have become very popular in Europe.

Main body: Autogenous vaccines (AV) are generally neither tested for safety, immunogenicity nor protective
efficacy, which leads to substantial uncertainties regarding control of disease and return on investment. Here, S. suis
publications are reviewed that include important data on epidemiology, pathologies and bacterin vaccination
relevant for the use of AV in the field. Differences between herds such as the porcine reproductive and respiratory
syndrome virus infection status and the impact of specific S. suis pathotypes are probably highly relevant for the
outcome of immunoprophylaxis using autogenous S. suis bacterins. Thus, a profound diagnosis of the herd status is
crucial for management of expectations and successful implementation of AV as a tool to control S. suis disease.
Induction of opsonizing antibodies is an in vitro correlate of protective immunity elicited by S. suis bacterins.
However, opsonophagocytosis assays are difficult to include in the portfolio of diagnostic services.

Conclusion: Autogenous S. suis bacterins are associated with limitations and risks of failure, which can partly be
managed through improvement of diagnostics.
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Background
Worldwide, numerous research groups work on the
identification of protective antigens of Streptococcus (S.)
suis. Different proteins of S. suis have been expressed as
recombinant antigens in Escherichia coli and used after
purification as vaccination antigens in challenge trials
with mice or pigs (for review see [1]). Hopefully, these
scientific efforts result in the development and licensing

of a cross-protective S. suis vaccine, as S. suis diseases
constitute a major burden for pig producers, not only re-
garding return on investment but also due to animal
welfare and the use of antibiotics. Though in some
countries S. suis vaccines are available, there is currently
no S. suis vaccine approved by the European Medicines
Agency (EMA). As the pressure for reduction of the use
of antibiotics in veterinary medicine increases in Europe,
autogenous S. suis vaccines have become a main tool in
porcine practice. However, it is hoped that licensed vac-
cines will become available to combat S. suis disease
burden. This review is based on the current scientific

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: christoph.baums@vetmed.uni-leipzig.de
1Institute of Bacteriology and Mycology, Centre for Infectious Diseases,
Faculty of Veterinary Medicine, University Leipzig, An den Tierkliniken 29,
04103 Leipzig, Germany
Full list of author information is available at the end of the article

Rieckmann et al. Porcine Health Management            (2020) 6:12 
https://doi.org/10.1186/s40813-020-00150-6

http://crossmark.crossref.org/dialog/?doi=10.1186/s40813-020-00150-6&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:christoph.baums@vetmed.uni-leipzig.de


S. suis literature and the authors’ experience with diag-
nostic services, experimental S. suis infections and many
years of consultation of practitioners with the objective
to improve the use of autogenous S. suis vaccines.

The epidemiology of S. suis diseases in Europe
S. suis is a very diverse pathogen. Currently 29 con-
firmed serotypes are described for this species [2].
Worldwide, S. suis serotype 2 is most frequently isolated
from clinical cases of S. suis disease [3]. Wisselink et al.
[4] serotyped 411 S. suis strains from 7 European coun-
tries isolated from diseased pigs between 1991 and 1997.
Thirty-two percent (n = 132) and 20% (n = 84) of the
strains belonged to serotypes 2 and 9, respectively. How-
ever, serotype 9 has become the most prevalent serotype
among invasive isolates in some European countries with a
large pig industry such as the Netherlands and Spain [3, 4].
Prüfer et al. [5] compared S. suis strains isolated between
1996 and 2004 and 2015–2016 in Germany and recorded a
reduction of cps2 strains (including not only serotype 2 but
also 1/2, see below) among invasive isolates from 44.3 to
23.5%, respectively. The authors speculate that the in-
creased use of autogenous vaccines (AV) in recent years led
to this reduction. Furthermore, reduction of serotype 2
cases through AV may have paved the way for serotype 9
emergence as discussed by Büttner et al. [6]. Serotypes 1
(and 14), 4 and 7 are also important serotypes contributing
to invasive diseases in Europe [3–5, 7].
Very different strains may belong to the same serotype.

This is well known for serotype 2 harboring highly virulent,
moderately virulent and strains considered avirulent based
on the results of epidemiological studies and experimental
infections [8–10]. Recent research has also highlighted the
diversity of serotype 9 in Chinese S. suis isolates [11]. Fur-
thermore, a collection of serotype 9 isolates in the
Netherlands was shown to contain some strains with the
ability to cause severe disease and others only inducing
mild clinical signs which was confirmed in experimental in-
fection of piglets [12]. Virulent serotype 2 strains in Europe
generally carry the genes epf, mrp and sly encoding the
extracellular factor, the muramidase-released protein and
the hemolysin suilysin, respectively [8, 9, 13].
Various laboratories have used multilocus sequence typ-

ing (MLST) to compare S. suis strains and a large online
database is available which allows to determine the se-
quence type (ST) of a S. suis isolate after sequencing 7
housekeeping genes (https://pubmlst.org/ssuis) [14].
Closely related sequence types may form a clonal complex
(CC) indicating evolutionary expansion. Strains of CC1
and CC16/87 are responsible for more than 40% of inva-
sive S. suis diseases in Europe [3]. Whereas CC1 harbors
mainly serotype 2 strains, serotype 9 dominates in CC16/
87 [3, 14]. Based on data of experimental infections,
strains of CC16 are considered less virulent than strains of

CC1 [15]. However, many well-managed herds in Europe
experience severe problems with this pathotype and AV in
these herds are often unsuccessful (personal communica-
tion between practitioners and authors).
There are very important differences regarding the

prevalence of S. suis genotypes among geographical re-
gions. Important examples are the high prevalence of viru-
lent mrp+ epf+ sly+ cps2 strains of CC1 and of mrp* cps9
of CC16/CC87 in Europe in contrast to the situation in
North America, where S. suis cps2 strains of CC25 and
CC28 are dominating among invasive isolates [3, 10].
However, recent data from the United States revealed a
shift in the prevalence of CCs during the past years with
CC25 no longer being a dominant CC, whereas prevalence
of the diverse CC94 has increased [16]. In the
Netherlands, numerous cases of severe disease were asso-
ciated with serotype 2 strains of ST20 [17]. Furthermore,
40 recently sequenced Spanish serotype 9 strains belonged
to CC61 [18], which is distantly related to CC16/CC87
[19]. We recently described emergence of invasive diseases
due to serotype 7 (cps7) strains of ST29 in Germany [20].
Thus, the MLST database and publications on the preva-
lence of S. suis serotypes and sequence types suggest that
there are also important differences between European
countries, though piglets are frequently transported from
one country to another. Regarding the complex epidemi-
ology of S. suis diseases, the number of sequence-typed
strains in Europe is still rather low. A systematic unbiased
typing of invasive isolates from various European coun-
tries has not been conducted to date. For a more compre-
hensive review of the prevalence and geographical
distribution of S. suis sequence types/CCs we refer the
reader to Goyette-Dejardins et al. [3].
Interestingly, it was recently shown that there are dif-

ferences in virulence among cps2 strains of CC28 [21].
This implies that in certain cases cps typing and MLST
might not be sufficient to estimate the virulence poten-
tial of a strain which adds to the complexity of profiling
biologically relevant S. suis genotypes. However, in many
cases, determination of the serotype and the ST is suffi-
cient to identify a virulent S. suis pathotype [16].
Although S. suis isolates are genotyped by diagnostic

services for practitioners on a large scale in various
European countries such as Germany and Austria, inves-
tigations on putative differences in the prevalence of
S. suis genotypes between herds and different pig
lineages within a country, have not been published to
the best of our knowledge. This is however highly relevant
for herd management and the use of AV.

Proper sampling and reasoning for genotyping of S. suis
isolates prior to generation of AV
In case of clinical signs that raise the suspicion of a
S. suis herd problem, thorough clinical examinations of
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different affected animals and proper sampling of sites
of infection during necropsies of sacrificed animals is
highly recommended. In most piglets with central ner-
vous system disorders due to S. suis meningitis bacterio-
logical investigations of brain swabs and/or cerebrospinal
fluid will generate unambiguous results as long as the pig-
let was not treated with antibiotics prior to sampling. Ap-
propriate samples in case of a septicemic animal are
internal organs such as spleen and liver. Legislature re-
stricts necropsies on farms in some European countries.
In Germany for example, the animal by-products disposal
law (§10) generally prohibits the skinning, opening and
cutting of animal carcasses on farms. Thus, if necropsies
are not an option, cerebrospinal fluid (CSF) and heparin-
ized blood are in our experience excellent samples for bac-
teriological investigations of animals with a suspected
diagnosis of S. suis meningitis and septicemia, respectively.
Sufficient anesthesia is the least requirement for a CSF as-
pirate. However, for animal welfare reasons we recom-
mend sacrificing piglets with central nervous system
disorders for sampling of CSF. To avoid transporting the
carcasses long distances to the nearest pathological exam-
ination facility, these samples may be obtained from ani-
mals at the respective farm. For detection of S. suis
bacteremia heparinized blood might be directly streaked
on Columbia blood agar plates. This is a convenient ap-
proach to screen numerous piglets without clinical signs
of disease but elevated body temperature for S. suis
bacteremia. Although it is not in accordance with the
classical microbiological blood culture, we have success-
fully used this method over many years to obtain invasive
S. suis isolates from live animals.
Piglets that have been found dead might also be inves-

tigated but care should be taken with regard to post-
mortem contamination, especially of the liver and
peritoneal swabs. Alpha hemolytic streptococci including
S. suis are very often among the contaminating bacteria.
Contaminations might also easily occur in the case of
swabs taken from the bicuspid and tricuspid valves. The
heart should be opened with a new sterile pair of scis-
sors to prevent these contaminations. In case of arthritis,
removal of hair and subsequent thorough sterilization of
the skin or even removal of the skin should be con-
ducted prior to sampling of the joints. Isolates of such
samples can generally be regarded as invasive as these
sites are sterile in healthy animals. However, this is not
the case for isolates obtained from samples of the re-
spiratory tract as S. suis colonizes the upper respiratory
tract of piglets physiologically in high numbers. S. suis
isolates from lung samples collected in necropsies con-
ducted hours after an animal’s death are not necessarily
related to the disease of the animal. Including these iso-
lates in an AV should be carefully evaluated.

Based on our experiences we think it is important to in-
vestigate numerous piglets to verify the suspected cause of
the herd problem and to obtain invasive isolates from dif-
ferent animals. It is difficult to give a justified recommen-
dation for the number of piglets to be investigated.
However, we are aware of herd problems associated with
more than four different S. suis genotypes and of S. suis
infections of herds occurring intermingled with Glaesser-
ella (G.) parasuis (Haemophilus parasuis) infections. In
our opinion the number of investigated animals should
not be less than 4 (better 6) and investigations should be
repeated at an additional time point if feasible (Fig. 1).
One could argue that an AV should include all inva-

sive S. suis isolates obtained from different animals and
that typing of isolates does not provide reliable informa-
tion on the protective efficacy of the AV. However, typ-
ing of isolates might be useful (i) to give a justified claim
on the role of predisposing factors in this herd as isola-
tion of multiple different genotypes indicates strong pre-
disposition (see below), (ii) to manage expectations as
protective efficacies of cps9 bacterins are generally lower
than of cps2 bacterins (see below), (iii) to detect new in-
fections in the herd related to S. suis patho−/genotypes
not included in an AV generated in the past and (iv) to
relate one’s own experience with specific compositions
of autogenous bacterins.

Profiling of S. suis pathotypes in herd management
For the reasons mentioned above, typing of virulence-
associated genes of S. suis isolates via multiplex (MP) PCRs
has become a very important diagnostic service in Europe
and is offered by numerous laboratories using different pro-
tocols [2, 7, 23]. Nowadays virtually all large swine practices
in North Western Germany use these services or even con-
duct genotyping themselves. Genotyping by MP-PCR was
first introduced by Peter Valentin-Weigand’s group at the
Institute for Microbiology of the University of Veterinary
Medicine Hannover (Germany) covering the capsule bio-
synthesis operons cps1, cps2, cps7 and cps9 as well as the
virulence markers mrp, epf and sly [7]. Detection of gdh
and arcA were included to confirm the putative diagnosis
of S. suis [24, 25]. MP-PCRs used for profiling of S. suis iso-
lates do not allow reliable detection of large variants of epf
[7, 23]. Thus, an additional epf monoplex PCR should be
conducted to identify strains with variants of the epf genes
(designated epf*) encoding extracellular factors (EF*) larger
than the 110 kDa EF [7, 26]. Differentiation of size variants
of mrp and epf through additional PCRs might also be used
for fine typing of S. suis strains belonging to cps1, cps2, cps7
and cps9 [7, 20, 27, 28]. Identification of mrp+ epf*
sly+ cps2+ is biologically relevant as this pathotype is con-
sidered to be moderately virulent in comparison to highly
virulent mrp+ epf+ sly+ cps2 and experimentally avirulent
mrp- epf- sly- cps2 strains in Europe [8, 9, 26]. Although
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many S. suis studies have been published since this original
work by Vecht et al. [9], the results of this comparison of
12 wt strains in experimental infection of germfree pigs re-
mains significant for differentiation of pathotypes within
serotype 2 strains in Europe [9].
The genes mrp, epf and sly have been used for numer-

ous years by diagnostic services in Central Europe as
virulence markers. However, there are other virulence
markers that might be used as well. Differentiation of
putative pilus gene clusters as described by Takamatsu
et al. [29] is a further approach to identify virulent
strains, as srtBCD plus srtF and srtF plus srtG genotypes
are associated with virulent strains of CC1 and CC27, re-
spectively. Furthermore, other genes such as the gene
encoding surface antigen one (SAO) harbor repetitive
sequences and show size variations in S. suis which
might be used for PCR-based typing of S. suis isolates
similar to mrp and epf typing [30, 31] .
Differentiation of cps operons via PCR is generally in

accordance with serotyping, but important deviations

are known. As pointed out in various previous publica-
tions [3, 7, 23] serotypes 2 and 1/2 as well as serotypes 1
and 14 cannot be distinguished using any of the pub-
lished PCR protocols. This implies putative conse-
quences for the composition of AV. If diseases in a herd
were due not only to serotype 2 but also to serotype 1/2
infections, this would be misdiagnosed as a herd prob-
lem related only to one serotype (cps2) using diagnostic
services based on virulence-associated gene profiling. As
a consequence, only one serotype might be included in
the AV. To overcome this restriction, differentiation of
serotype 2 and 1/2 via serotyping or cpsK sequencing is
recommended [3, 32]. Whether this is of importance in
the case of these closely related serotypes is, however,
not known. In the last years further MP-PCR assays
were described finally covering all known serotypes [2].
Of note, S. suis research has focused very much on sero-
type 2 and has to some extent covered also serotypes 9,
7 and 1. Information on other serotypes except for data
on their prevalence is not available.

Fig. 1 Management of expectations for the implementation of S. suis autogenous bacterins in preparturient sow or weaning piglet prime-boost
vaccination based on a profound herd diagnosis including virus infections, histopathological investigations and profiling of S. suis pathotypes. For
management of expectations we propose that it is crucial to determine the status of virus infection in the herd, the age classes of affected
piglets, the localization and character of lesions in pathological investigations and the genotype(s) of the invasive S. suis strains. Herds with PRRSV
infection and/or S. suis diseases associated with three or more different cps types have in our opinion a poor prognosis with regard to the
protective effectiveness of the AV. SIV infection should lead to a careful prognosis. For 6 to 8-week-old piglets, it is generally difficult to find a
working vaccination protocol as maternal immunity does not lead to protection in 8-week-old piglets and priming in suckling piglets is regarded
as ineffective [22]. Since endocarditis is associated with biofilm formation and bacteria in biofilms are not killed by opsonizing antibodies, the
prognosis in herds with piglets showing endocarditis should also be careful. S. suis diseases undergo a dynamic process in affected herds. Thus,
we generally recommend to repeat herd diagnostics at least once prior to generating an autogenous bacterin (at least the bacteriological
investigations including genotyping of the S. suis isolates should be repeated)
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Any of the described MP-PCRs detecting cps1, cps2,
cps7 and cps9 as well as the virulence-associated factors
mrp, epf and sly allow identification of important patho-
types such as mrp+ epf+ sly+ cps2 and mrp+ sly+ cps9
strains. However, the informative value for strains not
belonging to any of the four cps types is rather low, even
more as mrp and epf are only confirmed virulence
markers within cps2 [8]. Accordingly, a very low positive
predictive value was found testing mrp, epf and sly for
all S. suis strains of an out-of-sample collection [33]. Re-
cently, Wileman et al. [33] conducted a genome-wide as-
sociation study to identify new genetic markers for
invasive diseases and asymptomatic carriage. The au-
thors introduced a novel MP-PCR which putatively al-
lows differentiation of these two groups of S. suis strains
through detection of three genes (SSUST30534,
SSU1589 and SSU0207) which have so far to the best of
our knowledge not been used for profiling of S. suis iso-
lates within diagnostic services. The gene SSUST30534
encoding a putative ATP sugar transporter is associated
with asymptomatic carriage. So far, this tool developed
by Wileman et al. [33] has been tested to the best of our
knowledge only for S. suis strains isolated in Great Brit-
ain. We imagine that this novel MP-PCR approach could
also become a valuable tool for diagnostic services, espe-
cially for the screening of sows during quarantine. How-
ever, as it does not differentiate important pathotypes
such as mrp* cps9 strains of CC16 and mrp+ epf+ cps2
strains of CC1, the application of this new method for
the characterization of invasive isolates used for compos-
ition of an AV is less convincing.

Virus infections putatively disturbing the protective
efficacy of a S. suis bacterin
Virus infections predispose piglets for invasive S. suis dis-
eases. This has been shown experimentally for porcine re-
productive and respiratory syndrome virus type 2
(PRRSV) by different groups [34–36]. As an example, the
vast majority of piglets (20 of 22) born from gilts experi-
mentally infected with PRRSV were prone to a lethal
course of disease elicited by intranasal S. suis serotype 2
infection in contrast to piglets from non-infected gilts
(only 5 of 23 with severe disease) [34]. In addition to ex-
perimental data, outbreaks of PRRSV infections in South-
east Asia were associated with an increase in S. suis
diseases [35, 37, 38]. In 2006, an unprecedented epidemic
of porcine high fever syndrome (PHFS) associated with
high mortality was recorded in China. This outbreak was
caused by infections with highly pathogenic PRRSV with
gene deletions in NSP2 and GP5 and secondary infections
mainly caused by S. suis serotype 7. The devastating out-
come of this coinfection was reproduced experimentally
[35]. S. suis serotype 7 is generally considered less virulent
than serotype 2. Accordingly, intranasal infections with

serotype 7 alone did either result in mild [35] or no clin-
ical signs of disease (own unpublished data). Although
one should be careful not to directly extrapolate experi-
mental results obtained with PRRSV type 2 to PRRSV type
1, main immunomodulatory mechanisms between these
two virus infections are similar and therefore analogies in
clinical consequences during bacterial co-infections might
be present to a large extent [39].
We have recorded great differences among herds in

the number of S. suis genotypes causing disease at a time
(unpublished results). As there are substantial differ-
ences in virulence among S. suis strains, we claim that
these differences between herds are related to predispos-
ing factors such as PRRSV infection. If PRRSV is circu-
lating in a herd, S. suis strains being only weakly virulent
by themselves will get the chance to cause disease in
contrast to herds which are not subject to strong predis-
position. Therefore, the heterogeneity of S. suis strains
isolated from internal organs of diseased pigs in a herd
seems to be related to the impact of main predisposing
factors such as PRRSV infection.
We have been investigating numerous diseased pigs over

many years from two PRRSV free herds and have with one
exception detected only a single S. suis pathotype from dis-
eased pigs in both herds, namely a mrp+ epf* cps2 strain of
CC 1 and a ST94 mrp+ sly+ cps9 strain though other geno-
types are frequently detected on the mucosal surfaces and
the tonsils. In herds that experience S. suis diseases only in
association with a single highly virulent S. suis pathotype, al-
though numerous other S. suis serotypes and STs are present
on the mucosal surfaces, predisposing virus infections may
be less important for this herd problem. The clinical out-
come is very much determined by the virulence of the S. suis
strain. This has been shown in comparative experimental in-
fections [9, 15, 21]. In any case, PRRSV infection is likely to
increase the severity of the clinical outcome.
For veterinary practice, it is important to ask if the

protective efficacy of bacterins is also influenced by pre-
disposing virus infections. However, very few researchers
have addressed this question. Halbur et al. [40] com-
pared different antibiotic treatments and autogenous
bacterin vaccination to control experimental S. suis in-
fections secondary to infection with the highly virulent
VR-2385 PRRSV strain. Vaccination of PRRSV infected
piglets with a S. suis serotype 2 bacterin failed to elicit
significant protection against a homologous challenge.
Ceftiofur treatment was the only regime leading to sig-
nificantly reduced mortality. The study by Halbur et al.
[40] lacks a group not preinfected with PRRSV. Thus, it
is not entirely clear if the experimental PRRSV infection
really deteriorated the protective efficacy of the serotype
2 bacterin. This seems, however, reasonable, as vaccin-
ation with a serotype 2 bacterin including the same adju-
vant, Emulsigen, elicited significant protection against a
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homologous challenge in a different study [41]. Al-
though more research on the interference of PRRSV in-
fection with vaccination against S. suis is needed, it
seems overall very likely that PRRS caused by an im-
mune modulating virus infection has negative effects on
the protective efficacies of S. suis bacterins.
Coinfections of swine influenza virus and S. suis have

also been investigated by different groups [42–45]. Ex-
perimental coinfection of pigs with influenza H1N1 virus
and S. suis serotype 2 leads to increased mortality com-
pared to single influenza H1N1 virus and S. suis serotype
2 infection [44]. Coinfection outbreaks of influenza and
S. suis have also been reported in the field in England
[46]. Accordingly, different in vitro studies have shown
that swine influenza H1N1 and H3N2 infections pro-
mote the ability of S. suis serotype 2 to adhere to and in-
vade respiratory epithelial cells [42, 43, 45]. Whether the
protective efficacy of a S. suis bacterin is influenced by
influenza virus infections occurring either during vaccin-
ation or concomitantly with S. suis infection has to the
best of our knowledge not been addressed in any study.
However, we speculate that this might be the case e. g.
through the exacerbated expression of cytokines such as
CCL2, CCL4, IL-6, IL-8, and TNFα [42].
There are certainly more virus infections such as Por-

cine Circovirus type-2 (PCV2) with a putative influential
effect on S. suis infection and vaccination, but their role
in the epidemiology of S. suis diseases remains to be
determined.

Experimental data on protective efficacies and
immunogenicities of S. suis bacterins
No commercial vaccine is available for protection
against disease caused by various S. suis pathotypes [1].
Until today, pigs in Central Europe can only be vacci-
nated by AV. Invasive isolates obtained from usually
sterile tissues of diseased pigs of a specific herd should
be used to prepare an AV (bacterin) for this herd.
S. suis serotype 2 bacterins have been shown to elicit

protection against homologous challenge by different
groups [22, 41, 47, 48]. However, this does not mean
that every autogenous serotype 2 vaccine is protective.
Wisselink et al. [48] compared S. suis serotype 2 bac-
terins with a water-in-oil and aluminium hydroxide ad-
juvant. The authors observed protection against
mortality only with the water-in-oil adjuvant and not
with aluminium hydroxide. Furthermore, the vaccination
protocol is also very important. Prime-boost vaccination
in the 2nd and 4th week of life with an autogenous
S. suis serotype 2 bacterin failed to induce seroconver-
sion. Accordingly, significant protection was not ob-
served in these early vaccinated piglets [22]. In contrast,
prime-boost vaccination after weaning with a serotype 2
vaccine containing the same adjuvant resulted in

significant protection against mortality [41]. Based on
these results we think that inhibition by maternal anti-
bodies is very relevant in the field and do not recommend
S. suis bacterin vaccination of suckling piglets (at least not
priming prior 3 weeks of age). This is in agreement with
the advice by Haesebrouck et al. [49] not to immunize pig-
lets before an age of 3–4 weeks. The authors highlight the
importance of an adequate vaccination scheme which
should include prime-boost vaccination with an interval of
at least 2 weeks and a gap of 2 weeks between boost and
the time of risk. It is important to note that priming with
a S. suis serotype 2 bacterin is generally not sufficient to
elicit protection as was shown in a challenge experiment
conducted 2 weeks after bacterin priming in the 6th week
of life [50]. A putative explanation for the lack of protec-
tion during the early adaptive immune response elicited
by serotype 2 bacterin priming is that S. suis, in contrast
to other bacterial pathogens, expresses an IgM-specific
protease [51]. Thus, protection might only occur after in-
duction of high specific IgG titers including opsonizing
IgG obtained by booster vaccination. However, we showed
for serotype 7 (cps7) strains of CC29 that IgM plays an im-
portant role in restricting survival of this pathotype in por-
cine blood. As IgM levels increased after weaning in the
course of the early natural adaptive immune response, this
pathotype was efficiently killed in porcine blood by IgM
[20]. Virulent S. suis strains express numerous virulence
factors contributing to survival in porcine blood as
reviewed in depth by Fittipaldi et al. [52]. In our opinion,
one should be careful to generalize conclusions obtained
for a single strain/pathotype to the entire S. suis popula-
tion as there are great differences among strains.
In the field, AV are very often made of different S. suis

strains, e. g. S. suis serotypes 2 and 9, or even as combina-
tions with other pathogens such as G. parasuis. We are
not aware of any publication describing the immunogen-
icity and protective efficacy of a multivalent S. suis bac-
terin. Therefore, any combination goes along with the risk
of interfering with the protective efficacy of the serotype 2
bacterin. If the vast majority of diseases in growing piglets
are caused by serotype 2, we recommend application of a
monovalent S. suis bacterin with an appropriate adjuvant
in the 4th and 6th week, as this has been demonstrated to
lead to protection. However, there are cases which call for
variations, e.g. if two serotypes are of comparable import-
ance for disease in a herd. Furthermore, S. suis diseases
between the 6th and 8th week of life make it difficult to
give a justified recommendation: Preparturient vaccination
of sows with a serotype 2 bacterin covers the 6th but not
the 8th week of life [22] and prime-boost vaccination of
piglets in the 2nd and 4th week of life is not a solution to
this problem in our opinion (see above). A vaccination
regimen with vaccination of sows prior to farrowing and
prime-boost vaccination of piglets in the 4th and 6th of
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life did not result in protection against an intravenous
homologous challenge in the 8th week of life [22]. We are
not aware of data showing how vaccination of suckling or
weaning piglets might be successfully combined with pre-
parturient sow vaccination or how the aforementioned
gap in protection can be closed. In conclusion, a detailed
herd analysis with valid data on peaks of S. suis diseases is
important to manage expectations prior to introduction of
an AV (see Fig. 1).
A S. suis serotype 2 bacterin prime-boost vaccination

after weaning led to significant protection against a
homologous challenge but failed to elicit significant pro-
tection against a heterologous serotype 9 challenge [41].
In the field it is also generally accepted that bacterins
elicit at their best homologous but not heterologous pro-
tection (personal communication). Opsonizing anti-
bodies induced by prime-boost serotype 2 bacterin
immunization of weaning piglets lead to killing of the
homologous serotype 2 strain but not a heterologous
serotype 9 strain [6]. The level of opsonizing antibodies
is determined in an in vitro assay measuring bacterial
survival in the presence of purified granulocytes, the
pathogen and serum to be investigated. In this assay op-
sonizing antibodies bind to the surface of the pathogen
and induce directly or indirectly (e.g. through comple-
ment activation) opsonophagocytosis and finally killing
of the bacteria in phagolysosomes of the neutrophils.
Antibody-mediated engulfment of S. suis by granulocytes
induces generation of reactive oxygen species which fi-
nally leads to killing of this pathogen [53]. In contrast to
ELISAs this assay measures functionality of antibodies.
Importantly, levels of opsonizing antibodies were found
to correlate with the protection elicited by bacterin vac-
cination [41]. Piglets with high titers of opsonizing anti-
bodies survived the challenge until the end of the
experiment in contrast to piglets with low levels of opsoniz-
ing antibodies. However, opsonophagocytosis assays are cur-
rently to the best of our knowledge not offered as a
diagnostic service in Central Europe. Whether such tests
might be useful to optimize AV immunization, should be
subject of further investigations. The purification of porcine
neutrophils requires availability of fresh blood and makes the
assay in comparison to ELISAs cumbersome and difficult to
integrate into the portfolio of a diagnostic laboratory.
IgM and IgG antibodies directed against the capsular

polysaccharides can induce opsonophagocytosis [54].
Since polysaccharides are T cell independent antigens,
vaccination with free capsular polysaccharides does not
induce IgG antibodies. In contrast, vaccination with
serotype 2 capsule polysaccharides conjugated to tetanus
toxoid elicits prominent capsule specific IgM and IgG ti-
ters [54]. Opsonizing antibodies induced by serotype 2
bacterin prime-boost vaccination can be absorbed with
an unencapsulated mutant [41]. This observation

indicates that at least a substantial fraction of the opson-
izing antibodies elicited by serotype 2 bacterins is not di-
rected against the capsule polysaccharides. Piglets
undergo diverse immune responses upon bacterin vac-
cination. We have detected antibodies opsonizing sero-
type 9 after vaccination with a serotype 2 bacterin in
individual animals (unpublished data). These observa-
tions suggest that S. suis serotype 2 expresses cross-
protective antigens in vitro but that these antigens are
not the main immunogens of a bacterin.
Very limited data is available on protective efficacies of

S. suis serotype 9 bacterins though this serotype is more im-
portant than serotype 2 in some European countries [3, 4].
Prime-boost vaccination in the 4th and 6th week of life elic-
ited protection against mortality caused by experimental
intravenous challenge with a serotype 9 strain of CC16 [6],
which includes most of the invasive serotype 9 strains iso-
lated in Europe [3]. Importantly, vaccinated piglets surviv-
ing the challenge showed signs of disease namely fibrinous
endocarditis [6]. This is an important observation as active
endocarditis might lead to serious complications including
meningitis even in piglets with high titers of antibodies me-
diating efficient killing of planktonic bacteria [55]. However,
as bacteria are covered with fibrin in the vegetation on the
heart valves, they are to a large extent protected against kill-
ing by opsonizing antibodies. S. suis serotype 9 was shown
to efficiently form biofilms in vitro [56] and in vivo [6, 55].
Furthermore, levels of opsonizing antibodies elicited
through serotype 9 bacterin vaccination against the
homologous serotype 9 strain were rather low
(Table 1). Thus, we propose that immunoprophylaxis
by bacterins against serotype 9 is more limited than
serotype 2 bacterins.
Dekker et al. [57] conducted a comprehensive study

designed to determine the impact of serotype 9 bacterin
vaccination on colonization and transmission, rather
than on protection against mortality. The homologous
bacterin failed to prevent colonization and transmission
of S. suis serotype 9. Based on these results it is clear,
that practitioners should not expect to reduce the pres-
sure of infection in a herd by implementation of a sero-
type 9 AV. Whether serotype 2 bacterins lead to
reduction of transmission and colonization of serotype 2
is not clear. In a different study, the serotype 2 challenge
strain was isolated from the tonsils of bacterin-
vaccinated piglets 2 weeks after challenge suggesting that
vaccinated piglets will not eliminate the challenge strain
completely from the mucosal surfaces [41]. Based on the
results of these experimental studies and observations in
the field, we doubt that bacterin vaccination is effective
enough to build up herds free of a specific S. suis patho-
type. However, it has been suggested that the prevalence
of serotype 2 infections decreased in Europe due to the
use of autogenous serotype 2 bacterins [5]. Furthermore,
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Swildens et al. [58] describe combined amoxicillin treat-
ment and bacterin vaccination of preparturient sows as a
successful method to eliminate S. suis serotype 2 from
the tonsils of the carrier sows and to prevent respective
colonization of their piglets. However, it remains to be
demonstrated whether this is a reliable tool to build up
herds free of a specific S. suis pathotype.
Data on the immunogenicity and protective efficacies

of S. suis bacterins containing other serotypes than 2
and 9 is even scarcer. Results of a field study on the use
of an autogenous serotype 7 vaccine did not reveal clear
protection against disease, at least not in the case of vac-
cination in the first and third week of life [27]. Passive
maternal immunity induced by a serotype 14 bacterin
was shown to only partially protect piglets against clin-
ical signs of disease [59].
It is important to remember that there are many vari-

ables in the generation of an AV which are crucial for the
immunogenicity and protective efficacy. As mentioned
above, it has been shown for S. suis bacterins that the
choice of the adjuvant is critical [48]. A systematic com-
parison of numerous adjuvants has unfortunately not been
published. Though results of cps2 bacterins with water-in-
oil adjuvants are encouraging with regard to protective ef-
ficacies, they are generally associated with severe side ef-
fects such as high body temperature and anorexia for
numerous hours. In addition to the adjuvant, conditions
selected for inactivation of the bacteria may have a great
influence on the immunogenicity and the protective effi-
cacy. Important epitopes may be lost through harsh inacti-
vation conditions. Formaldehyde concentrations used for
inactivation of S. suis in vaccination trials varied substan-
tially. Dekker et al. [57] used 0.5% formaldehyde for 15
min to inactivate S. suis cps9 at room temperature. In con-
trast, Wisselink et al. [48] inactivated cps2 with 0.3%
formaldehyde at 4 °C overnight, and Peter Valentin-
Weigand’s group used 0.1% formaldehyde overnight at
8 °C for cps2 and cps9 [6, 22, 41]. However, a concentra-
tion of 0.1% formaldehyde is the borderline value for

complete killing of S. suis leading sometimes to survival of
single bacteria.
In conclusion and as recently evaluated in a field study

[60], the use of AV is generally reasonable in serotype 2
infected herds. Both sow and weaning piglet vaccination
might be successful. Regarding other serotypes the effi-
cacy of immunization with an autogenous bacterin is
questionable. The vaccination scheme and adjuvant used
are important influencing factors for the immunogen-
icity and efficacy of a bacterin. Finally, an important dis-
advantage of AV is the lack of information on vaccine
safety and efficacy data compared to commercially pro-
duced vaccines [49].

Legal basis for the use of AV in Europe
The European Union Directive 2001/82/EC defines AV
(autogenous products) as „Inactivated or non-inactivated
immunological veterinary medicinal products which are
manufactured from pathogens and antigens obtained
from an animal or animals from a holding and used for
the treatment of that animal or the animals of that hold-
ing in the same locality”(Article 3).The use and produc-
tion of AV is regulated at the national level in the
European Member States as the Directive 2001/82/EC
excludes them from legal standards and does not define
criteria for their quality, safety, efficacy and potency [61].
Therefore, legislation for AV differs between the mem-
ber states, but has many similarities [62]. For the first
time, the new Regulation (EU) 2019/6 on veterinary me-
dicinal products of the European Parliament and of the
Council of December 2018 sets requirements for the
production and quality control of AV (https://eur-lex.
europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32
019R0006&from=EN). Regulation 2019/6 defines AV as
“inactivated immunological veterinary medicinal prod-
ucts which are manufactured from pathogens and anti-
gens obtained from an animal or animals in an
epidemiological unit and used for the treatment of that
animal or those animals in the same epidemiological

Table 1 Immunogenicities and protective efficacies of S. suis serotypes 2 and 9 bacterins after prime-boost vaccination of weaning
piglets and homologous challenge experiments using the same oil-in-water adjuvant (Emulsigen) [6, 41]

Genotype of the bacterin and the challenge strain mrp + epf + sly + cps2- mrp* sly + cps9

bacterin placebo bacterin placebo

MRP-ELISAa,b 500 Units 5 Units 100 Units 25 Units

Mean bacterial survival factor in opsonophagocytosis assaysb,c 0.4 1.6 0.78 1.18

Mortality 28.6% 87.5% 22.2% 77.8%

Morbidity 28.6% 100% 77.8% 100%

Pathohistological scored of infected piglets 1.25 3.75 2.8 3.8
aUsing rMRP of serotype 2 strain 10 as antigen
bThese assays were conducted with samples collected 2 weeks after the boost vaccination and prior to the experimental infection
cSurvival factors were determined by dividing the number of colony forming units (CFUs) after a 2 h incubation period at 37 °C by the number of CFUs at t = 0
dFor calculation of the pathohistological score the sum of the highest scores of each animal for any of the investigated organs was divided by the number of
animals (ω = Σscoremax/nanimals)
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unit or for the treatment of an animal or animals in a
unit having a confirmed epidemiological link” (Article
2(3)). Articles 94 (Good manufacturing practice, GMP),
105 (Veterinary prescriptions), 108 (Record-keeping by
owners and keepers of food-producing animals), 117
(Collection and disposal of waste of veterinary medicinal
products), 120 (Advertising prohibition for AV), 123
(Controls by competent authorities) and 134 (Prohibit-
ing the supply of veterinary medicinal products) of the
new regulation shall apply to AV. The regulation 2019/6
will lead to the harmonization of standards for produc-
tion and quality control within Europe. Therefore, it will
be necessary to set up detailed GMP guidelines to en-
sure the quality of AV in the future. Meanwhile the
European Manufacturers of Autogenous Vaccines and
Sera (EMAV) was set up as an association of AV pro-
ducers to „ensure high level product quality standards
based on requirements determined by laws, regulations
and technical standards and standards set out by the as-
sociation “(https://www.emav.be). However, as the regu-
lation 2019/6 will enter into force on 28th January 2022
the existing requirements for production and use of AV
still differ between EU Member States [61–63].

Conclusion
Understanding the epidemiology of S. suis diseases is cru-
cial for using bacterins successfully. Furthermore, a com-
prehensive herd screening covering main porcine viruses
as well as differentiation of S. suis pathotypes is important
for managing expectations on autogenous bacterins. Al-
though different groups have demonstrated protection of
S. suis serotype 2 bacterins against experimental homolo-
gous challenge, the protective effectiveness of AV used in
the field is to the best of our knowledge not documented.
The authors propose that a database including diagnostic
data collected prior and post introduction of autogenous
bacterins as well as protocols used for generation of bac-
terins and vaccination strategies would increase the scien-
tific foundation substantially.

Acknowledgements
We thank Viktoria Rungelrath for critical reading of the manuscript.

Authors’ contributions
KR and CGB drafted main parts of the manuscript. KR and MP designed the
Figure MP wrote the chapter on the “Legal basis for the use of AV in
Europe”. The chapter “Virus infections putatively disturbing protective efficacy
of S. suis bacterins” was drafted by TV and CGB. All authors read and
approved the final manuscript.

Funding
We acknowledge support from the German Research Foundation (DFG) and
Leipzig University within the program of Open Access Publishing.

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated
or analyzed during the current study.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The Institute of Bacteriology and Mycology offers genotyping of S. suis
isolates as a diagnostic service and conducts S. suis research on the
immunogenicities and protective efficacies of recombinant S. suis vaccines
financially supported by Ceva Santé Animale (Ceva Innovation Center GmbH).
The Institute of Virology offers PRRSV diagnostic services.

Author details
1Institute of Bacteriology and Mycology, Centre for Infectious Diseases,
Faculty of Veterinary Medicine, University Leipzig, An den Tierkliniken 29,
04103 Leipzig, Germany. 2Institute of Virology, Centre for Infectious Diseases,
Faculty of Veterinary Medicine, University Leipzig, Leipzig, Germany.

Received: 23 December 2019 Accepted: 20 March 2020

References
1. Segura M. Streptococcus suis vaccines: candidate antigens and progress.

Expert Rev Vaccines. 2015;0584:1–22.
2. 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.

3. Goyette-Desjardins G, Auger J-PP, Xu J, Segura M, Gottschalk M.
Streptococcus 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 Nature Publishing
Group.

4. 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.

5. Louise Prüfer T, Rohde J, Verspohl J, Rohde M, De Greeff A, Willenborg J, et
al. Molecular typing of Streptococcus suis strains isolated from diseased and
healthy pigs between 1996-2016. PLoS One. 2019;14:e0210801.

6. Büttner N, Beineke A, de Buhr N, Lilienthal S, Merkel J, Waldmann K-H, et al.
Streptococcus suis serotype 9 bacterin immunogenicity and protective
efficacy. Vet Immunol Immunopathol. 2012;146:191–200.

7. Silva LMG, Baums CG, Rehm T, Wisselink HJ, Goethe R, Valentin-Weigand P.
Virulence-associated gene profiling of Streptococcus suis isolates by PCR. Vet
Microbiol. 2006;115:117–27.

8. Vecht U, Wisselink HJ, Jellema ML, Smith HE. Identification of two proteins
associated with virulence of Streptococcus suis type 2. Infect Immun. 1991;
59:3156–62.

9. Vecht U, Wisselink HJ, Van Dijk JE, Smith HE. Virulence of Streptococcus suis
type 2 strains in newborn germfree pigs depends on phenotype. Infect
Immun. 1991;60:550–6.

10. Fittipaldi N, Xu J, Lacouture S, Tharavichitkul P, Osaki M, Sekizaki T, et al.
Lineage and virulence of Streptococcus suis serotype 2 isolates from North
America. Emerg Infect Dis. 2011;17:2239–44.

11. Dong W, Zhu Y, Ma Y, Ma J, Zhang Y, Yuan L, et al. Multilocus sequence typing
and virulence genotyping of Streptococcus suis serotype 9 isolates revealed
high genetic and virulence diversity. FEMS Microbiol Lett. 2017;1:364.

12. Willemse N, van der Ark KCH, Stockhofe-Zurwieden N, Smith H, Picavet DI,
van Solt-Smits C, et al. Clonal expansion of a virulent Streptococcus suis
serotype 9 lineage distinguishable from carriage subpopulations. Sci Rep.
2019;9:15429.

13. King SJ, Heath PJ, Luque I, Tarradas C, Dowson CG, Whatmore AM.
Distribution and genetic diversity of suilysin in Streptococcus suis isolated
from different diseases of pigs and characterization of the genetic basis of
suilysin absence. Infect Immun. 2001;69:7572–82.

14. King SJ, Leigh JA, Heath PJ, Luque I, Tarradas C, Dowson CG, et al.
Development of a multilocus sequence typing scheme for the pig
pathogen Streptococcus suis: identification of virulent clones and potential
capsular serotype exchange. J Clin Microbiol. 2002;40:3671–80.

Rieckmann et al. Porcine Health Management            (2020) 6:12 Page 9 of 11

https://www.emav.be


15. Beineke A, Bennecke K, Neis C, Schröder C, Waldmann K-H, Baumgärtner W,
et al. Comparative evaluation of virulence and pathology of Streptococcus
suis serotypes 2 and 9 in experimentally infected growers. Vet Microbiol.
2008;128:423–30.

16. Estrada AA, Gottschalk M, Rossow S, Rendahl A, Gebhart C, Marthaler DG.
Serotype and genotype (multilocus sequence type) of Streptococcus suis
isolates from the United States serve as predictors of pathotype. J Clin
Microbiol. 2019;57:e00377–19.

17. Schultsz C, Jansen E, Keijzers W, Rothkamp A, Duim B, Wagenaar JA, et al.
Differences in the population structure of invasive Streptococcus suis strains isolated
from pigs and from humans in the Netherlands. PLoS One. 2012;7:e33854.

18. 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.

19. 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.

20. Rieckmann K, Seydel A, Szewczyk K, Klimke K, Rungelrath V, Baums CG, et al.
Streptococcus suis cps7: an emerging virulent sequence type (ST29) shows a
distinct, IgM-determined pattern of bacterial survival in blood of piglets during
the early adaptive immune response after weaning. Vet Res. 2018;49:48.

21. Athey TBT, Auger JP, Teatero S, Dumesnil A, Takamatsu D, Wasserscheid J, et
al. Complex population structure and virulence differences among serotype
2 Streptococcus suis strains belonging to sequence type 28. PLoS One. 2015;
10(9):e0137760.

22. Baums CG, Brüggemann C, Kock C, Beineke A, Waldmann K-H, Valentin-
Weigand P. Immunogenicity of an autogenous Streptococcus suis bacterin in
preparturient sows and their piglets in relation to protection after weaning.
Clin Vaccine Immunol. 2010;17:1589–97.

23. Wisselink HJ, Joosten JJ, Smith HE. Multiplex PCR assays for simultaneous detection
of six major serotypes and two virulence-associated phenotypes of Streptococcus
suis in tonsillar specimens from pigs. J Clin Microbiol. 2002;40:2922–9.

24. Gruening P, Fulde M, Valentin-Weigand P, Goethe R. Structure, regulation,
and putative function of the arginine deiminase system of Streptococcus
suis. J Bacteriol. 2006;188(2):361–9.

25. Okwumabua O, O’Connor M, Shull E. A polymerase chain reaction (PCR)
assay specific for Streptococcus suis based on the gene encoding the
glutamate dehydrogenase. FEMS Microbiol Lett. 2003;218:79–84.

26. Smith HE, Reek FH, Vecht U, Gielkens ALJ, Smits MA. Repeats in an
extracellular protein of weakly pathogenic strains of Streptococcus suis type
2 are absent in pathogenic strains. Infect Immun. 1993;61:3318–26.

27. Unterweger C, Baums CG, Höcher M, Fischer L, Weiss A, Hennig-Pauka I.
Clinical situation, diagnosis and prophylaxis of a Streptococcus suis serotype
7 farm problem. Berl Munch Tierarztl Wochenschr. 2014;127:194–201.

28. Fittipaldi N, Fuller TE, Teel JF, Wilson TL, Wolfram TJ, Lowery DE, et al.
Serotype distribution and production of muramidase-released protein,
extracellular factor and suilysin by field strains of Streptococcus suis isolated
in the United States. Vet Microbiol. 2009;139(3–4):310–7.

29. Takamatsu D, Nishino H, Ishiji T, Ishii J, Osaki M, Fittipaldi N, et al. Genetic
organization and preferential distribution of putative pilus gene clusters in
Streptococcus suis. Vet Microbiol. 2009;138(1–2):132–9.

30. Li Y, Martinez G, Gottschalk M, Lacouture S, Willson P, Dubreuil JD, et al.
Identification of a surface protein of Streptococcus suis and evaluation of its
immunogenic and protective capacity in pigs. Infect Immun. 2006;74:305–12.

31. Feng Y, Zheng F, Pan X, Sun W, Wang C, Dong Y, et al. Existence and
characterization of allelic variants of Sao, a newly identified surface protein
from Streptococcus suis. FEMS Microbiol Lett. 2007;275:80–8.

32. Athey TBT, Teatero S, Lacouture S, Takamatsu D, Gottschalk M, Fittipaldi N.
Determining Streptococcus suis serotype from short-read whole-genome
sequencing data. BMC Microbiol. 2016;16:162.

33. Wileman TM, Weinert LA, Howell KJ, Wang J, Peters SE, Williamson SM, et al.
Pathotyping the zoonotic pathogen Streptococcus suis: Novel genetic markers
to differentiate invasive disease-associated isolates from non-disease-
associated isolates from England and Wales. J Clin Microbiol. 2019;57:e01712–8.

34. Feng W-H, Laster SM, Tompkins M, Brown T, Xu J-S, Altier C, et al. In utero
infection by porcine reproductive and respiratory syndrome virus is
sufficient to increase susceptibility of piglets to challenge by Streptococcus
suis type II. J Virol. 2001;75:4889–95.

35. Xu M, Wang S, Li L, Lei L, Liu Y, Shi W, et al. Secondary infection with
Streptococcus suis serotype 7 increases the virulence of highly pathogenic
porcine reproductive and respiratory syndrome virus in pigs. Virol J. 2010;7:184.

36. Galina L, Pijoan C, Sitjar M, Christianson WT, Rossow K, Collins JE. Interaction
between Streptococcus suis serotype 2 and porcine reproductive and respiratory
syndrome virus in specific pathogen-free piglets. Vet Rec. 1994;134:60–4.

37. Huong VTL, Thanh LV, Phu VD, Trinh DT, Inui K, Tung N, et al. Temporal and
spatial association of Streptococcus suis infection in humans and porcine
reproductive and respiratory syndrome outbreaks in pigs in northern
Vietnam. Epidemiol Infect. 2016;144:35–44.

38. Li J, Wang J, Liu Y, Yang J, Guo L, Ren S, et al. Porcine reproductive and
respiratory syndrome virus NADC30-like strain accelerates Streptococcus suis
serotype 2 infection in vivo and in vitro. Transbound Emerg Dis. 2019;66:729–42.

39. Gómez-Laguna J, Salguero FJ, Pallarés FJ, Carrasco L. Immunopathogenesis
of porcine reproductive and respiratory syndrome in the respiratory tract of
pigs. Vet J. 2013;195:148–55.

40. Halbur P, Thanawongnuwech R, Brown G, Kinyon J, Roth J, Thacker E, et al.
Efficacy of antimicrobial treatments and vaccination regimens for control of
porcine reproductive and respiratory syndrome virus and Streptococcus suis
coinfection of nursery pigs. J Clin Microbiol. 2000;38:1156–60.

41. Baums CG, Kock C, Beineke A, Bennecke K, Goethe R, Schröder C, et al.
Streptococcus suis bacterin and subunit vaccine immunogenicities and
protective efficacies against serotypes 2 and 9. Clin Vaccine Immunol. 2009;
16:200–8.

42. Wang Y, Gagnon CA, Savard C, Music N, Srednik M, Segura M, et al. Capsular
sialic acid of Streptococcus suis serotype 2 binds to swine influenza virus
and enhances bacterial interactions with virus-infected tracheal epithelial
cells. Infect Immun. 2013;81:4498–508.

43. Wu NH, Meng F, Seitz M, Valentin-Weigand P, Herrler G. Sialic acid-
dependent interactions between influenza viruses and Streptococcus suis
affect the infection of porcine tracheal cells. J Gen Virol. 2015;96(9):2557–68.

44. Lin X, Huang C, Shi J, Wang R, Sun X, Liu X, et al. Investigation of
pathogenesis of H1N1 influenza virus and swine Streptococcus suis serotype
2 co-infection in pigs by microarray analysis. PLoS One. 2015;10:e0124086.

45. Meng F, Wu NH, Nerlich A, Herrler G, Valentin-Weigand P, Seitz M. Dynamic
virus-bacterium interactions in a porcine precision-cut lung slice coinfection
model: swine influenza virus paves the way for Streptococcus suis infection
in a two-step process. Infect Immun. 2015;83:2806–15.

46. Williamson SM, Tucker AW, McCrone IS, Bidewell CA, Brons N, Habernoll H,
et al. Descriptive clinical and epidemiological characteristics of influenza a
H1N1 2009 virus infections in pigs in England. Vet Rec. 2012;171:271.

47. Wisselink HJ, Stockhofe-Zurwieden N, Hilgers LAT, Smith HE. Assessment of
protective efficacy of live and killed vaccines based on a non-encapsulated
mutant of Streptococcus suis serotype 2. Vet Microbiol. 2002;84:155–68.

48. Wisselink HJ, Vecht U, Stockhofe-Zurwieden N, Smith HE. Protection of pigs against
challenge with virulent Streptococcus suis serotype 2 strains by a muramidase-
released protein and extracellular factor vaccine. Vet Rec. 2001;148:473–7.

49. Haesebrouck F, Pasmans F, Chiers K, Maes D, Ducatelle R, Decostere A.
Efficacy of vaccines against bacterial diseases in swine: what can we expect?
Vet Microbiol. 2004;100:255–68.

50. Seele J, Hillermann L-MM, Beineke A, Seitz M, von Pawel-Rammingen U,
Valentin-Weigand P, et al. The immunoglobulin M-degrading enzyme of
Streptococcus suis, IdeSsuis, is a highly protective antigen against serotype 2.
Vaccine. 2015;33:2207–12.

51. Seele J, Singpiel A, Spoerry C, Pawel-Rammingen UV, Valentin-Weigand P,
Baums CG. Identification of a novel host-specific IgM protease in
Streptococcus suis. J Bacteriol. 2013;195:930–40.

52. Fittipaldi N, Segura M, Grenier D, Gottschalk M. Virulence factors involved in
the pathogenesis of the infection caused by the swine pathogen and
zoonotic agent Streptococcus suis. Future Microbiol. 2012;7:259–79.

53. Rungelrath V, Öhlmann S, Alber G, Schrödl W, von Köckritz-Blickwede M, de
Buhr N, et al. Survival of Streptococcus suis in porcine blood is limited by the
antibody- and complement- dependent oxidative burst response of
granulocytes. Infect Immun. 2019;88:e00598–19.

54. Goyette-Desjardins G, Calzas C, Shiao TC, Neubauer A, Kempker J, Roy R, et al.
Protection against Streptococcus suis serotype 2 infection using a capsular
polysaccharide glycoconjugate vaccine. Infect Immun. 2016;84:2059–75.

55. Rieckmann K, Müller K, Moter A, Baums CG, Seydel A. Streptococcus suis serotype
9 endocarditis and subsequent severe meningitis in a growing pig despite
specific bactericidal humoral immunity. JMM Case Reports. 2017;4:e005093.

56. Dawei G, Liping W, Chengping L, Guo D, Wang L, Lu C, et al. In vitro biofilm
forming potential of Streptococcus suis isolated from human and swine in
China. Braz J Microbiol. 2012;43:993–1004.

Rieckmann et al. Porcine Health Management            (2020) 6:12 Page 10 of 11



57. Dekker CNTT, Bouma A, Daemen AJJMJM, van Leengoed LAMGMG, Jonker
FH, Wagenaar JA, et al. Homologous whole bacterin vaccination is not able
to reduce Streptococcus suis serotype 9 strain 7997 transmission among pigs
or colonization. Vaccine. 2012;30:1379–87.

58. Swildens B, Nielen M, Wisselink HJ, Verheijden JHM, Siegeman JA. Elimination
of strains of Streptococcus suis serotype 2 from the tonsils of carrier sows by
combined medication and vaccination. Vet Rec. 2007;160:619–21.

59. Amass SF, Stevenson GW, Vyverberg BD, Huxford TW, Knox KE, Grote LA.
Administration of a homologous bacterin to sows prefarrowing provided
partial protection against streptococcosis in their weaned pigs. J Swine Heal
Prod. 2000;8:5.

60. Hopkins D, Poljak Z, Farzan A, Friendship R. Field studies evaluating the
direct, indirect, total, and overall efficacy of Streptococcus suis autogenous
vaccine in nursery pigs. Can Vet J. 2019;60:386–90.

61. Attia Y, Schmerold I, Hönel A. The legal foundation of the production and
use of herd-specific vaccines in Europe. Vaccine. 2013;31:3651–5.

62. Salery M. Autogenous vaccines in Europe: national approaches to
authorisation. Regul Rapp. 2017;14:27–30.

63. Hera A, Bures J. Veterinary autogenous vaccines. Dev Biol (Basel). 2004;117:19–25.

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

Rieckmann et al. Porcine Health Management            (2020) 6:12 Page 11 of 11


	Abstract
	Background
	Main body
	Conclusion

	Background
	The epidemiology of S. suis diseases in Europe
	Proper sampling and reasoning for genotyping of S. suis isolates prior to generation of AV
	Profiling of S. suis pathotypes in herd management
	Virus infections putatively disturbing the protective efficacy of a S. suis bacterin
	Experimental data on protective efficacies and immunogenicities of S. suis bacterins
	Legal basis for the use of AV in Europe

	Conclusion
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

