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Abstract: Knowledge of pathogenic potential, frequency and antimicrobial resistance patterns of 15 

atypical Streptococcus (S.) spp. is scarce. Between 2016 and 2020, altogether 553 S. spp. isolates were 16 
recovered from clinical specimens taken from Austrian swine stocks and submitted for routine 17 
microbiological examination. Antimicrobial susceptibility testing towards eight antimicrobial 18 
substances was performed using disk diffusion test. All isolates from skin lesions belonged to the 19 
species S. dysgalactiae subspecies equisimilis (SDSE). S. hyovaginalis was mainly isolated from the upper 20 
respiratory tract (15/19) and S. thoraltensis from the genitourinary tract (11/15). The majority of S. 21 
suis isolates were resistant to tetracycline (66%), clindamycin (62%) and erythromycin (58%). S. suis 22 
isolates from the joints had the highest resistance rates. S. suis and SDSE isolates resistant to 23 
tetracycline were more likely to be resistant to erythromycin and clindamycin (p<0.01). Results show 24 
that different species of Streptococcus tend to occur in specific body sites. The detection of 25 
Streptococcus species should not be underestimated. Nevertheless, statement whether they are 26 
colonizers or potential pathogens cannot be given so far. High resistance rates of S. suis towards 27 
tetracyclines and erythromycin and high recovery rates of S. suis from lung tissue should be 28 
considered when treating pigs with respiratory diseases.  29 

Keywords: swine, atypical Streptococcus, SDSE, S. hyovaginalis, S. thoraltensis, resistance, 30 
tetracyclines 31 

 32 

1. Introduction 33 

The genus Streptococcus (S.) is composed of gram-positive, catalase negative, facultative 34 
anaerobes [1]. S. suis plays a major role in animal and human medicine due to its zoonotic potential 35 
[2]. In general, infections of weaned piglets with strains of S. suis often result in pneumonia, 36 
septicemia, meningitis, arthritis or serositis leading to increased mortality rates and high economic 37 
losses [1,2]. Besides S. suis also other Streptococcus species are commonly recovered from organs of 38 
clinically diseased pigs [3–6]. However, knowledge whether these species are cause of the clinical 39 
symptoms is scarce and therefore interpretation is difficult.  40 

In this study, we describe the detection of Streptococcus (S.) dysgalactiae subspecies equisimilis 41 
(SDSE), S. hyovaginalis, S. thoraltensis, S. porcinus, S. orisratti and S. alactolyticus. SDSE is part of the 42 
physiological flora of gilts and sows and can be frequently recovered from vaginal secretions and 43 
colostrum [7], which are described to be the most common sources of infections of piglets [8]. SDSE 44 
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is able to cause septicemia after entering the blood stream via tonsils or skin lesions of piglets and 45 
can further lead to arthritis, meningitis or endocarditis [4]. S. hyovaginalis and S. thoraltensis have 46 
mainly been recovered from the reproductive tract of clinically healthy sows so far [3]. SDSE and S. 47 
thoraltensis both have been isolated from organs of diseased humans working in the meat industry. 48 
Therefore, the detection of these streptococcal species in clinically diseased pigs is of major interest 49 
for human and animal health [9–11]. Since only few reports on the isolation of S. porcinus [12,13], S. 50 
orisratti [6,14] or S. alactolyticus [3] from pigs have been described, their pathogenic potential remains 51 
unknown.  52 

On the other hand, antimicrobial resistance of S. suis is emerging which brings up concerns 53 
primarily due to their zoonotic potential [15], but also regarding animal welfare and the appropriate 54 
treatment of diseased pigs. After the first report of penicillin-resistant S. suis isolates in 1980 [16], 55 
several investigations confirmed the occurrence of S. suis isolates with resistances to penicillins [17–56 
19]. Many studies reported high resistance rates of S. suis to tetracycline, clindamycin and 57 
erythromycin, whereas resistance rates to beta-lactam antibiotics and quinolones were low in most 58 
investigations [17–19]. In contrast, resistances of SDSE have mainly been described for tetracyclines 59 
and macrolides but also for quinolones [10,20]. However, there is only few data records available 60 
about the resistance rates of S. hyovaginalis, S. thoraltensis, S. porcinus, S. orisratti or S. alactolyticus 61 
towards commonly applied antibiotics. Therefore, knowledge about susceptibility patterns of these 62 
bacteria is needed, especially due to the potential of some species to cause diseases in pigs and 63 
humans.  64 

The aim of this study was to provide an overview of the antimicrobial resistance patterns and 65 
the distribution of various species of S. spp. in different organs, isolated from clinically diseased pigs, 66 
in order to determine the potential pathogenic impact of S. spp. other than S. suis.  67 

2. Results 68 

 69 
2.1. Distribution of different species of Streptococcus  70 
Out of all 553 S. spp. isolates, the most frequent species was S. suis (n=297, 54%), followed by 71 

SDSE (n=158, 29%) (Table 1). At least one isolate belonging to genus Streptococcus was recovered from 72 
52% (211/428) of all investigated lung samples and from 45% (57/128) of all examined swab samples 73 
taken from the upper respiratory tract of mainly fattening pigs with respiratory symptoms. 74 
Furthermore, S. spp. were isolated from 34% (83/244) of all examined specimens of the genitourinary 75 
tract of sows with reproductive failure and approximately from one quarter of swabs taken from 76 
serosal surfaces (55/217), joints (26/109) and skin lesions (13/49) of weaned piglets and fattening pigs, 77 
respectively (Table 1).  78 

 79 
Table 1. Total number of isolated Streptococcus species from different organs 80 

CNS – central nervous system;  81 

Organ Tested 

(total) 

S. 

suis 

SDSE S. 

hyovaginalis 

S. 

thoraltensis 

S. 

porcinus 

S. 

orisratti 

S. 

alactolyticus 

Other S. 

spp.  

          

Lung 428 140 52 2  8 6 3 11 

Noses/Tonsils 128 28 6 15 3 3 1  1 

Genitourinary Tract 244 23 41  11   3 5 

CNS 147 58 5 2 1  1  2 

Joints 109 11 10    1 2 2 

Serosal surfaces 217 28 18     6 3 

Skin 49  13       

Others  9 13 1  1 1 1 1 

Total  297 158 20 15 12 10 15 25 
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SDSE isolates were significantly more often recovered from specimens taken from the 82 
genitourinary tract than S. suis (Standardized residuals 3.47) and less frequently from samples of the 83 
upper respiratory tract (Standardized residuals -2.50) in a chi-squared frequency distribution. In total, 84 
SDSE was recovered from 28 organ pools of aborted fetuses, seven cervical swabs and six vaginal 85 
swabs.  86 

S. hyovaginalis was mainly isolated from the upper respiratory tract (15/20) but never from the 87 
genitourinary tract or abortion material, whereas eleven out of all 15 S. thoraltensis strains were 88 
isolated from the genitourinary tract of sows with reproductive disorders (73%) (Table 1). 89 
Remarkable, two S. hyovaginalis isolates were recovered from meningeal swabs derived from piglets 90 
with central nervous disorders. S. porcinus was almost exclusively recovered from the respiratory 91 
tract (11/12) of weaned piglets (Figure 1). Compared to all other species, S. alactolyticus was isolated 92 
disproportionately more frequently in specimens from the serosal surfaces than from other tissues. 93 
All S. alactolyticus-positive samples from serosal surfaces originated from weaned piglets expressing 94 
symptoms like wasting and increased mortality rates (Figure 1).  95 

 96 

 97 

Figure 1. Organ distribution of different Streptococcus spp. isolates  98 

Although all species were recovered from the respiratory tract, their occurrence in the upper and 99 
lower respiratory tract varied. S. hyovaginalis, S. thoraltensis and S. porcinus were more commonly 100 
found in the upper respiratory tract and S. suis, SDSE and S. alactolyticus were more frequently 101 
recovered from the lower respiratory tract (Figure 2). With the exception of S. thoraltensis, all species 102 
were isolated from lung samples from clinically diseased pigs. The majority of Streptococcus species 103 
deriving from the upper respiratory tract were S. suis (50%) and S. hyovaginalis (27%), while SDSE 104 
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was the most frequently detected Streptococcus species in the genitourinary tract of sows expressing 105 
reproductive disorders or abortion material (49%), followed by S. suis (24%) and S. thoraltensis (13%). 106 
Out of all eleven S. thoraltensis isolates that were recovered from sows with reproductive problems 107 
eight were recovered from organs of aborted fetuses and three from cervical swabs.  108 
S. suis was the most frequently isolated Streptococcus species in specimens of the central nervous 109 
system (84.1%). The distribution of species in the joints and serosal surfaces was similar with S. suis 110 
as the most frequently isolated species (42%, 50%), followed by SDSE (39%, 32%) and S. alactolyticus 111 
(8%, 10%), whereas S. hyovaginalis, S. thoraltensis and S. porcinus were neither detected in joints nor 112 
on serosal surfaces. SDSE was the only Streptococcus species that was isolated from skin lesions 113 
(Figure 2). 114 

 115 
 116 

Figure 2. Distribution of the Streptococcus species in different organs 117 
 118 

2.1. Antimicrobial resistance patterns 119 
Two S. suis isolates were resistant to penicillin, whereas no isolate was resistant to ceftiofur 120 

(Table 2). Out of S. alactolyticus isolates that were resistant to penicillin (29%), one was also resistant 121 
to ceftiofur. Resistances to beta-lactam antibiotics were not observed for any other species (Table 2). 122 
Resistances to levofloxacin were observed occasionally for S. suis (4/297) and SDSE (1/158) (Table 2).  123 

All S. suis isolates were susceptible to linezolid and vancomycin. The majority of S. suis isolates 124 
was resistant to tetracycline (66%), clindamycin (62%) and erythromycin (58%) (Table 2). Resistance 125 
rates of all other six investigated Streptococcus species towards these four antibiotics were also higher 126 
than to other substances, although resistance rates of SDSE, S. porcinus and S. alactolyticus to 127 
erythromycin were below 50%. Generally, SDSE had lower resistance rates than S. suis to all tested 128 
antimicrobial substances. In total 95% of all S. hyovaginalis isolates were resistant to tetracycline, 129 



Antibiotics 2020, 9, x FOR PEER REVIEW 5 of 12 

erythromycin and clindamycin. S. porcinus isolates had the lowest resistance rates to clindamycin 130 
(25%) and erythromycin (17%). All detected S. orisratti isolates were resistant to tetracycline. In total, 131 
29% of all S. alactolyticus isolates were resistant to penicillin. S. suis and SDSE isolates resistant to 132 
tetracycline were also more likely to be resistant to erythromycin and clindamycin (p<0.01). 133 
Resistance rates of SDSE (51/143) towards erythromycin were significantly lower than those of S. suis 134 
(172/297) (p=0.01).  135 

 136 
Table 2. Frequency of resistances in the examined Streptococcus spp [%].* 137 

PEN – Penicillin, EFT – Ceftiofur, LVX – Levofloxacin, TET – Tetracycline, ERY – Erythromycin, CLI 138 
– Clindamycin, *no isolate was resistant to Linezolid or Vancomycin 139 

 140 
S. suis isolates from the upper respiratory tract and joints had generally higher resistance rates 141 

to erythromycin and clindamycin compared to isolates from the lower respiratory tract, the central 142 
nervous system or serosal surfaces. Isolates from the genitourinary tract had the second highest 143 
resistance rate to tetracyclines (78%) but the lowest number of isolates resistant to erythromycin and 144 
clindamycin (Table 3).  145 

 146 
Table 3. Frequency of resistant S. suis isolates in the relation to the tissue location [%].* 147 

CNS – central nervous system, PEN – Penicillin, EFT – Ceftiofur, LVX – Levofloxacin, TET – 148 
Tetracycline, ERY – Erythromycin, CLI – Clindamycin; *no S. suis isolate was resistant to Ceftiofur, 149 

Linezolid or Vancomycin 150 
 151 
Since there are no criteria available for the interpretation of resistances against trimethoprim-152 
sulfamethoxazole, data about these substances are not presented. However, since trimethoprim-153 
sulfamethoxazole is commonly applied to treat swine, resistance rates to these substances were also 154 
evaluated in routine diagnostics. In total, 75% of all isolates were resistant to trimethoprim-155 
sulfamethoxazole.  156 

3. Discussion 157 

Although S. suis usually occurs more often in the upper than in the lower respiratory tract [21], 158 
S. suis was detected more frequently in lung samples than in nasal and tonsillar swabs. Therefore, it 159 

Species PEN EFT LVX TET ERY CLI n 

(tested) 

S. suis 1  1 66 58 62 297 

SDSE   1 62 36 59 143 

S. hyovaginalis    95 95 95 19 

S. thoraltensis    91 55 73 11 

S. porcinus    67 17 25 12 

S. orisratti    100 88 88 8 

S. alactolyticus 29 7  71 29 71 14 

Others   9 75 50 57 24 

        

Organ PEN LVX TET ERY CLI n (tested)  

Lung  2 65 52 58 140   

Noses/Tonsils 7 4 75 79 89 28   

Genitourinary Tract   78 48 43 23   

CNS   53 57 53 58   

Joints   82 73 64 11   

Serosal Surfaces   57 50 57 28   

Others   44 44 56 9   



Antibiotics 2020, 9, x FOR PEER REVIEW 6 of 12 

is impossible to state whether these S. suis isolates have been in the lung tissue prior to sampling or 160 
if isolation was just the result of contamination afterwards. Secondly, almost all lung samples that 161 
were taken from clinically diseased pigs, which often underwent infections with other pathogens like 162 
Mycoplasma hyopneumoniae, Influenza-A Virus or Porcine Reproductive and Respiratory Syndrome 163 
Virus (PRRSV) predisposing lung tissue for the invasion of other pathogens like S. suis. Since various 164 
Streptococcus species are described to be colonizers of the upper respiratory tract, the number of 165 
isolates recovered from the upper respiratory tract was lower than expected. However, we do not 166 
have sufficient information about previous antimicrobial treatment of the pigs, which could provide 167 
a potential explanation.    168 

Streptococcus dysgalactiae subsp. equisimilis (SDSE) was the only species that was recovered from 169 
all investigated body sites (Table 1). Its ability to cause septicemia followed by its spread to joints and 170 
the CNS has been described previously [22]. The detection of SDSE in cervical swabs could at least 171 
indicate its presence in the uterus and its potential involvement in reproductive disorders as well, 172 
since the risk of contamination using swabs for mares is rather low. However, if SDSE can cause 173 
reproductive disorders like abortions on its own, needs to be further investigated. SDSE has also been 174 
isolated from porcine skin lesions in a previous study [23]. Abscesses and other skin lesions are often 175 
associated with infections with Streptococcus spp. However, there is hardly any information about the 176 
presence of SDSE on skin lesions. Remarkable, SDSE was the only S. spp. recovered from these 177 
samples.  178 

In a study of Brazilian colleagues S. thoraltensis has been recovered from specimens of the 179 
genitourinary tract of sows with reproductive disorders [5]. Since S. thoraltensis was isolated several 180 
times from cervical swabs, we assume the presence of S. thoraltensis also in the cervical mucosa of 181 
sows. A case report about an acute chorioamnionitis of a healthy woman due to an infection with S. 182 
thoraltensis [11] emphasizes its potential to cause reproductive disorders in various hosts.  183 

In contrast to S. thoraltensis, we could not recover S. hyovaginalis from any specimen of the 184 
genitourinary tract. However, in previous reports S. hyovaginalis was exclusively isolated from 185 
specimens of the genitourinary tract of sows but never from the respiratory tract [3,5]. Nevertheless, 186 
in those studies S. hyovaginalis was solely recovered from vaginal discharge, whereas most of the 187 
specimens taken from the genitourinary tract in our study were cervical swabs and organs of aborted 188 
fetuses. There are no reports about the detection of S. hyovaginalis in the uterus or organs of fetuses. 189 
Therefore, S. hyovaginalis might be a colonizer of the nasal and vaginal mucosa but might not be able 190 
to enter the lower respiratory tract or uterus under normal circumstances. Both piglets from which 191 
we were able to recover S. hyovaginalis from the lung tissue were also infected with PRRSV. We cannot 192 
state whether the isolation of S. hyovaginalis from one meningeal swab was the result of a 193 
contamination or not. However, since no other bacteria could be isolated from the same swab, 194 
contamination seems rather unlikely.  195 

Despite reports on the isolation of S. porcinus in tonsils of 20% of monitored slaughtered pigs in 196 
Canada [6] and 38% of carcasses in Russia [24], S. porcinus was recovered in only three out of 128 197 
investigated specimens from the upper respiratory tract. Whether S. porcinus is a colonizer of the 198 
lower respiratory tissue as well or if detection of S. porcinus in the lungs is the result of an invasion 199 
after the induction of lung lesions due to infections with primary pathogens, is still debated. S. 200 
porcinus has been associated with lymphadenitis and cervical abscesses [14]. Before the distinction 201 
between S. pseudoporcinus from S. porcinus, S. porcinus was considered as a pathogen with zoonotic 202 
potential [25]. However, since the awareness that all zoonotic isolates belong to the species S. 203 
pseudoporcinus, the global interest on S. porcinus is declining rapidly . Thus, hardly any investigations 204 
on S. porcinus have been published recently. In contrast to previous reports [26], we could not recover 205 
S. porcinus from the CNS, urogenital tract or joints.  206 

In total, only ten S. orisratti isolates were recovered mainly from the respiratory system. 207 
However, one isolate was recovered from synovial fluid. Due to its very similar characteristics to S. 208 
suis, it might also possess the ability to cause septicemia leading to lesions in joints and other organs 209 
[12]. Since S. orisratti has mainly been recovered from the teeth of rats and Rattus norvegicus is 210 
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generally common in Austrian swine stables, contamination of S. orisratti due to gnawing on 211 
carcasses of dead piglets cannot be disregarded.  212 

Little is known about the impact of S. alactoylticus and its potential involvement in the 213 
pathogenesis of diseases in pigs. In a previous Brazilian study, S. alactolyticus was also recovered 214 
from the respiratory and genitourinary tract [5]. However, we did not recover S. alactolyticus from 215 
any specimen of the upper respiratory tract. S. alactolyticus and its heterotypic synonym S. intestinalis 216 
have been recovered from various porcine specimens including intestines, feces, lungs and vaginal 217 
discharge [5]. Furthermore, it is known to colonize also the intestines of other animals including 218 
pigeons and chickens and was reported to be the most common lactic acid bacteria (LAB) in the 219 
intestines of canines [27]. Since we are aware of the presence of S. alactolyticus in the feces and E. coli 220 
was also isolated from four out of six serosal swabs from which S. alactolyticus could be detected, 221 
recovery of the strains might just be the result of contamination. However, in the two remaining 222 
swabs only S. alactolyticus was isolated. This goes along with the isolation of S. alactolyticus from the 223 
synovia or synovial membranes. In fact, S. suis, SDSE, S. orisratti and S. alactolyticus were the only 224 
four species that were recovered from joints or serosal surfaces. The potential of S. suis and SDSE to 225 
cause septicemia is known. However, S. alactolyticus might be able to spread through the body of 226 
infected pigs as well.  227 

Generally, isolates belonging to these species are often recovered from organs of clinically 228 
diseased pigs in the absence of any other infectious agent potentially causing the clinical conditions. 229 
In general, it remains speculative if affected animals should receive antimicrobial treatment proposed 230 
by the determined resistance patterns of the investigated isolate or not.  231 

In contrast, S. hyovaginalis was mainly recovered from the upper respiratory tract and S. 232 
thoraltensis from the genitourinary tract indicating that both species are colonizers of the respective 233 
organs, without causing septicemia. In general, more invasive species like S. suis, SDSE and S. 234 
alactolyticus were recovered more frequently from the lower respiratory tract, whereas S. porcinus, S. 235 
hyovaginalis and S. thoraltensis were recovered more frequently from the upper respiratory tract 236 
(Figure 2.) A causal association between clinical symptoms and the recovery of atypical Streptococcus 237 
species could not be demonstrated and can only be proven by an experimental setting.   238 

For antimicrobial susceptibility testing agar disk diffusion test was applied. For penicillin clinical 239 
break points of beta hemolytic streptococci were used. We are aware that the results obtained in this 240 
way cannot predict the susceptibility of viridans streptococci. Therefore, results of non beta-241 
hemolytic S. spp. should be interpreted with caution. Furthermore, interpretative criteria for ceftiofur 242 
were only available for isolates from the respiratory tract. However, in veterinarians have to work 243 
with these results in the field. Thus, more knowledge about interpretative criteria for S. spp. is 244 
urgently needed. In general, low numbers of isolates being resistant to beta-lactam antibiotics but 245 
high numbers of porcine clinical S. suis isolates being resistant to tetracyclines, clindamycin and 246 
erythromycin have been reported previously [17,18,28,29]. In addition, resistance rates for quinolones 247 
varied between 1% and 44% amongst those studies [17–19,29]. Although only two S. suis isolates 248 
showed an in vitro resistance to penicillin, penicillin resistant Streptococcus species seem to be on the 249 
rise [17,18]. However, treatment with penicillin still led to good responses, even if isolated strains 250 
had shown an in vitro resistance in disk diffusion test [30]. Since resistance rates towards penicillin 251 
and ceftiofur were generally low, there is no need to choose a critical antibiotic like ceftiofur for the 252 
treatment of streptococcosis. Strains recovered from tonsils are described to be more frequently multi 253 
resistant than strains from other body sites [29], which was also true in our observations. High 254 
numbers of resistant strains isolates from the joints could be the result of long-term treatment. There 255 
might be a selection towards multi resistant S. suis strains in the joints, since not all antimicrobial 256 
metabolites could cross the blood-synovial barrier appropriately and arthritis is mainly an 257 
accompanying symptom of chronic infections with S. suis. Generally, tetracyclines and macrolides 258 
are widely applied to treat respiratory diseases in pigs [31]. However, S. suis was recovered in 259 
approximately 50% of all lungs from fattening pigs with respiratory diseases and resistance rates 260 
towards tetracyclines and erythromycin were high in our investigations. Therefore, a susceptibility 261 
testing or reconsideration of choice of antimicrobial substance of these isolates is highly 262 
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recommended. Since trimethoprim-sulfamethoxazole is also frequently applied to treat swine stocks 263 
[31] and resistance rates evaluated for the routine diagnostics seemed to be quite high, there is 264 
definitely a need for valid interpretative criteria for these substances.  265 

Moderate–high resistance levels of SDSE to tetracyclines [10] and macrolides [32] were also 266 
reported before.   267 

Knowledge about antimicrobial resistances of other discussed species is scarce. However, in 268 
previous investigations in Brasilia, all 13 S. hyovaginalis isolates had high MIC values for tetracyclines, 269 
macrolides and clindamycin and low MIC values for beta-lactam antibiotics [5]. This goes in line with 270 
our findings, since resistance rates of S. hyovaginalis to erythromycin, tetracycline and clindamycin 271 
(each 95%) were higher than the resistance rates of S. suis or SDSE to the respective antimicrobial 272 
substances.  273 

Interestingly, over 90% of all isolates were resistant to trimepthoprim-sulfamethoxazole. High 274 
detection rates of S. thoraltensis and case reports of infections in humans could emphasize its impact 275 
on the pathogenesis of reproductive disorders. In general, diagnostics of reproductive disorders in 276 
sows is difficult, especially regarding Leptospira interrogans. Although tetracyclines are most 277 
frequently applied to sows with the suspicion of infections with Leptospira interrogans or Chlamydia 278 
spp. [33] they might have low efficacy towards other species that could maybe be the reason for 279 
reproductive diseases like those caused by S. thoraltensis.  280 

Approximately 23% of all 56 S. porcinus isolates which were recovered in routine procedures 281 
showed a resistance to erythromycin by applying disk diffusion test in a Central European study [34]. 282 
This goes along with our results (17% resistant), although in their investigations all isolates were 283 
resistant to trimethoprim – sulfamethoxazole and 93% to tetracycline.  284 

Although there is no current research on antimicrobial susceptibility of S. orisratti, we would 285 
expect a high similarity of resistance patterns between S. orisratti and S. suis. Nevertheless, resistance 286 
patterns between S. suis and S. orisratti were quite different in our investigations. However, only ten 287 
S. orisratti isolates could be recovered in the here presented study.  288 

There are no data on resistance rates of S. alactolyticus, which were tested by disk diffusion test. 289 
Belgian researchers demonstrated that detected porcine S. alactolyticus isolates carried less frequently 290 
tetracycline resistance genes than S. dysgalactiae and S. suis isolates [32]. However, in our 291 
investigations resistance rates of S. suis and SDSE to tetracyclines were slightly lower than those of S. 292 
alactolyticus.  293 
 294 

 295 

4. Materials and Methods  296 

 297 
4.1. Sample collection 298 

 299 
From January 2016 to July 2020, 3141 samples from pigs were bacteriologically examined at the 300 
Institute of Microbiology, University of Veterinary Medicine Vienna. From these samples a total of 301 
523 Streptococcus spp. were isolated (Table 4). 302 

  303 
Table 4. Total number of examined organ samples from which S. spp. could be isolated 304 

Organ N (Examined Organs) N (S. spp. isolated)  

Lung 428 211   

Noses/Tonsils 128 56   

Genitourinary Tract 244 78   

CNS 147 67   

Joints 109 24   

Serosal Surfaces 217 52   

Skin 49 13   
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 305 
 306 
4.2. Species Identification & Antimicrobial Susceptibility Testing 307 
 308 

Prior to susceptibility testing, presumptive Streptococcus spp. were identified to the species level by 309 
matrix-assisted laser desorption-ionization-time of flight mass spectrometry (MALDI-TOF MS) 310 
(Bruker Daltonik, Bremen, Germany). Susceptibility testing was performed by agar disk diffusion 311 
according to the recommendations given by the CLSI document M100 (28th ed.) (Clinical and 312 
Laboratory Standards Institute (CLSI), 2018). Except for S. spp. isolated from lung tissue, human 313 
clinical break points (M100-28) were applied for the interpretation of zone diameters of tested 314 
antimicrobial substances. Tested and evaluated substances included penicillin, tetracycline, 315 
erythromycin, clindamycin, vancomycin, linezolid and levofloxacin (Becton Dickinson, Heidelberg, 316 
Germany).  317 

 318 
4.3. Evaluation & Statistical Analyses 319 

 320 
All results were summarized retrospectively using TIS® (Tierspitalinformationssystem Orbis 321 

VetWare, Agfa HealthCare, Bonn, Germany) and Microsoft Excel.  322 
Descriptive data was assessed using SPSS (SPSS Statistics 25) [35]. Contingency tables were used 323 

to compare the frequency of the different Streptococcus species in the respective organs with the 324 
expected frequencies of an independent chi-square distribution. According to that, standard residuals 325 
(SR; cut off ±1.96) were calculated to identify significant differences between counts and expected 326 
values in the individual combinations of pathogens and organs. Further, Pearson’s chi squared tests 327 
were used to examine differences of resistances against tetracycline or erythromycin, depending on 328 
the species. Samples with intermediate resistance results were excluded from these analyses. In this 329 
context, p-values <0.05 were considered as significant. Contingency tables and Pearson’s chi squared 330 
tests were calculated in the R (Version 3.6.3) statistical computing environment [36].  331 

 332 

5. Conclusions 333 

Results show that different species of Streptococcus occur in different porcine organs and tissues. 334 
A clear statement if they are colonizers or potential pathogens cannot be given so far. However, 335 
especially the impact of SDSE and S. thoraltensis in the pathogenesis of reproductive disorders should 336 
be further investigated. In general, the potential pathogenic impact of Streptococcus species 337 
occasionally isolated from porcine clinical specimens should not be underestimated. Due to observed 338 
differences in their resistance patterns, the identification of the Streptococcus species is highly 339 
recommended. Source of isolation might be also important since isolates from joints showed more 340 
resistances than others. High resistance rates of S. suis towards tetracyclines and erythromycin and 341 
high recovery rates of S. suis from lung tissue should be considered for the treatment of respiratory 342 
diseases in pigs.  343 

Supplementary Materials:  344 

Author Contributions: Conceptualization, C.U., M.L. and R.R.; methodology, I.L., J.S., B.P. and F.R.; formal 345 
analysis, R.R. and M.L.; investigation, I.L. and J.S.; resources, A.L., J.S. and B.P.; data curation, M.L., R.R. and 346 
C.U.; writing—original draft preparation, R.R.; writing—review and editing, C.U., A.L., I.L., J.S., B.P. and F.R.; 347 
visualization, F.R.; supervision, C.U.; project administration, C.U. and R.R.; All authors have read and agreed to 348 
the published version of the manuscript. 349 

Funding: This research received no external funding  350 

Acknowledgments: The authors thank Dr. Lukas Schwarz for his strong commitment to improve routine 351 
diagnostic settings at the Clinic for Swine, Vetmeduni Vienna and all other scientific staff members of the 352 
University Clinics for Swine being involved in routine diagnostic procedures.  353 

Conflicts of Interest: The authors declare no conflict of interest. 354 



Antibiotics 2020, 9, x FOR PEER REVIEW 10 of 12 

References 355 

 356 

1.  Staats, J.J.; Feder, I.; Okwumabua, O.; Chengappa, M.M. Streptococcus Suis: Past and Present. Veterinary 357 

Research Communications 1997, 21, 381–507. 358 

2.  Arends, J.P.; Zanen, H.C. Meningitis Caused by Streptococcus suis in Humans. Clinical Infectious Diseases 359 

1988, 10, 131–137, doi:10.1093/clinids/10.1.131. 360 

3.  Devriese, L.A.; Pot, B.; Vandamme, P.; Kersters, K.; Collins, M.D.; Alvarez, N.; Haesebrouck, F.; Hommez, 361 

J. Streptococcus hyovaginalis sp. nov. and Streptococcus thoraltensis sp. nov., from the Genital Tract of 362 

Sows. International Journal of Systematic Bacteriology 1997, 47, 1073–1077. 363 

4.  Lother, S.A.; Demczuk, W.; Martin, I.; Mulvey, M.; Dufault, B.; Lagacé-Wiens, P.; Keynan, Y. Clonal 364 

Clusters and Virulence Factors of Group C and G Streptococcus Causing Severe Infections, Manitoba, 365 

Canada, 2012–2014. Emerg. Infect. Dis. 2017, 23, 1079–1088. 366 

5.  Moreno, L.Z.; Matajira, C.E.C.; Gomes, V.T.M.; Silva, A.P.S.; Mesquita, R.E.; Christ, A.P.G.; Sato, M.I.Z.; 367 

Moreno, A.M. Molecular and antimicrobial susceptibility profiling of atypical Streptococcus species from 368 

porcine clinical specimens. Infection, Genetics and Evolution 2016, 44, 376–381. 369 

6.  O’Sullivan, T.; Friendship, R.; Blackwell, T.; Pearl, D.; McEwen, B.; Carman, S. Microbiological 370 

identification and analysis of swine tonsils collected from carcasses at slaughter. The Canadian Journal of 371 

Veterinary Research 2011, 75, 106–111. 372 

7.  Diseases of swine; Zimmerman, J.J., Karriker, L.A., Ramirez, A., Schwartz, K.J., Stevenson, G.W., Jianqiang, 373 

Z., Eds.; Eleventh edition.; Wiley-Blackwell/American Association of Swine Veterinarians: Hoboken, NJ, 374 

2019; ISBN 978-1-119-35090-3. 375 

8.  Zoric, M.; Nilsson, E.; Lundeheim, N.; Wallgren, P. Incidence of lameness and abrasions in piglets in 376 

identical farrowing pens with four different types of floor. Acta Vet Scand 2009, 51, 23, doi:10.1186/1751-377 

0147-51-23. 378 

9.  Brandt, C.M.; Spellerberg, B. Human Infections Due to Streptococcus dysgalactiae Subspecies equisimilis. Clin 379 

Infect Dis 2009, 49, 766–772, doi:10.1086/605085. 380 

10.  Oh, S.-I.; Kim, J.W.; Kim, J.; So, B.; Kim, B.; Kim, H.-Y. Molecular subtyping and antimicrobial 381 

susceptibility of Streptococcus dysgalactiae subspecies equisimilis isolates from clinically diseased pigs. J Vet 382 

Sci 2020, 21, e57. 383 

11.  Vukonich, M.; Moline, H.; Chaussee, M.; Pepito, B.; Huntington, M.K. Case Report: Chorioamnionitis 384 

Attributed to. S D Med. 2015, 68, 298–299. 385 

12.  Higgins, R.; Gottschalk, M.; Boudreau, M.; Lebrun, A.; Henrichsen, J. Description of Six New Capsular 386 

Types (29–34) of Streptococcus Suis. J VET Diagn Invest 1995, 7, 405–406, doi:10.1177/104063879500700322. 387 

13.  Zhu, H.; Willcox, M.D.; Knox, K.W. A new species of oral Streptococcus isolated from Sprague-Dawley 388 

rats, Streptococcus orisratti sp. nov. International Journal of Systematic and Evolutionary Microbiology 2000, 389 

50, 55–61, doi:10.1099/00207713-50-1-55. 390 

14.  Katsumi, M.; Kataoka, Y.; Takahashi, T.; Kikuchi, N.; Hiramune, T. Biochemical and Serological 391 

Examination of β-hemolytic Streptococci Isolated from Slaughtered Pigs. J. Vet. Med. Sci 1998, 60, 129–131. 392 

15.  Palmieri, C.; Varaldo, P.E.; Facinelli, B. Streptococcus suis, an Emerging Drug-Resistant Animal and 393 

Human Pathogen. Front. Microbio. 2011, 2, doi:10.3389/fmicb.2011.00235. 394 

16.  Schneerson, R.; Barrera, O.; Sutton, A.; Robbins, J.B. Preparation, characterization, and immunogenicity of 395 

Haemophilus influenzae type b polysaccharide-protein conjugates. The Journal of Experimental Medicine 396 

1980, 152, 361–376, doi:10.1084/jem.152.2.361. 397 



Antibiotics 2020, 9, x FOR PEER REVIEW 11 of 12 

17.  van Hout, J.; Heuvelink, A.; Gonggrijp, M. Monitoring of antimicrobial susceptibility of Streptococcus suis 398 

in the Netherlands, 2013–2015. Veterinary Microbiology 2016, 194, 5–10. 399 

18.  Hernandez-Garcia, J.; Wang, J.; Restif, O.; Holmes, M.A.; Mather, A.E.; Weinert, L.A.; Wileman, T.M.; 400 

Thomson, J.R.; Langford, P.R.; Wren, B.W.; et al. Patterns of antimicrobial resistance in Streptococcus suis 401 

isolates from pigs with or without streptococcal disease in England between 2009 and 2014. Veterinary 402 

Microbiology 2017, 207, 117–124. 403 

19.  Zhang, C.; Ning, Y.; Zhang, Z.; Song, L.; Qiu, H.; Gao, H. In vitro antimicrobial susceptibility of 404 

Streptococcus suis strains isolated from clinically healthy sows in China. Veterinary Microbiology 2008, 131, 405 

386–392, doi:10.1016/j.vetmic.2008.04.005. 406 

20.  Lüthje, P.; Schwarz, S. Molecular basis of resistance to macrolides and lincosamides among staphylococci 407 

and streptococci from various animal sources collected in the resistance monitoring program BfT-408 

GermVet. International Journal of Antimicrobial Agents 2007, 29, 528–535, 409 

doi:10.1016/j.ijantimicag.2006.12.016. 410 

21.  Devriese, L.A.; Hommez, J.; Pot, B.; Haesebrouck, F. Identification and composition of the streptococcal 411 

and enterococcal flora of tonsils, intestines and faeces of pigs. Journal of Applied Bacteriology 1994, 77, 31–412 

36, doi:10.1111/j.1365-2672.1994.tb03040.x. 413 

22.  Kasuya, K.; Yoshida, E.; Harada, R.; Hasegawa, M.; Osaka, H.; Kato, M.; Shibahara, T. Systemic 414 

Streptococcus dysgalactiae Subspecies equisimilis Infection in a Yorkshire Pig with Severe Disseminated 415 

Suppurative Meningoencephalomyelitis. J. Vet. Med. Sci. 2014, 76, 715–718, doi:10.1292/jvms.13-0526. 416 

23.  Staton, G.J.; Scott, C.; Blowey, R. Aggressive skin lesions in pigs. Veterinary Record 2019, 184, 529.4-530, 417 

doi:10.1136/vr.l1859. 418 

24.  Laishevtcev, A.I.; Kapustin, A.V.; Palazyuk, S.V.; Matyash, А.E. etiological structure of streptococcosis of 419 

pigs in various regions of the Russian Federation. RJOAS 2018, 74, 257–260, doi:10.18551/rjoas.2018-02.30. 420 

25.  Bekal, S.; Gaudreau, C.; Laurence, R.A.; Simoneau, E.; Raynal, L. Streptococcus pseudoporcinus sp. nov., 421 

a Novel Species Isolated from the Genitourinary Tract of Women. Journal of Clinical Microbiology 2006, 44, 422 

2584–2586, doi:10.1128/JCM.02707-05. 423 

26.  Wang, Y.; Guo, H.; Bai, Y.; Li, T.; Xu, R.; Sun, T.; Lu, J.; Song, Q. Isolation and characteristics of multi-drug 424 

resistant Streptococcus porcinus from the vaginal secretions of sow with endometritis. BMC Vet Res 2020, 425 

16, 146, doi:10.1186/s12917-020-02365-9. 426 

27.  Rinkinen, M.L.; Koort, J.M.K.; Ouwehand, A.C.; Westermarck, E.; BjÃ¶rkroth, K.J. Streptococcus 427 

alactolyticus is the dominating culturable lactic acid bacterium species in canine jejunum and feces of four 428 

fistulated dogs. FEMS Microbiology Letters 2004, 230, 35–39, doi:10.1016/S0378-1097(03)00851-6. 429 

28.  Cantin, M.; Harel, J.; Higgins, R.; Gottschalk, M. Antimicrobial Resistance Patterns and Plasmid Profiles 430 

of Streptococcus Suis Isolates. J VET Diagn Invest 1992, 4, 170–174, doi:10.1177/104063879200400209. 431 

29.  Soares, T.C.S.; Paes, A.C.; Megid, J.; Ribolla, P.E.M. Antimicrobial susceptibility of Streptococcus suis 432 

isolated from clinically healthy swine in Brazil. Can J Vet Res 2015, 74, 279–284. 433 

30.  Varela, N.P.; Gadbois, P.; Thibault, C.; Gottschalk, M.; Dick, P.; Wilson, J. Antimicrobial resistance and 434 

prudent drug use for Streptococcus suis. Anim. Health. Res. Rev. 2013, 14, 68–77, 435 

doi:10.1017/S1466252313000029. 436 

31.  van Rennings, L.; von Münchhausen, C.; Ottilie, H.; Hartmann, M.; Merle, R.; Honscha, W.; Käsbohrer, A.; 437 

Kreienbrock, L. Cross-Sectional Study on Antibiotic Usage in Pigs in Germany. PLoS ONE 2015, 10, 438 

e0119114, doi:10.1371/journal.pone.0119114. 439 



Antibiotics 2020, 9, x FOR PEER REVIEW 12 of 12 

32.  Martel, A.; Devriese, L.A.; Decostere, A.; Haesebrouck, F. Presence of macrolide resistance genes in 440 

streptococci and enterococci isolated from pigs and pork carcasses. International Journal of Food Microbiology 441 

2003, 84, 27–32, doi:10.1016/S0168-1605(02)00390-2. 442 

33.  Kingscote, B.F. Leptospirosis in Livestock. Can Vet J 1985, 26, 235–236. 443 

34.  Lämmler, Ch.; Cirak, N.; Smola, J. Studies on Biochemical, Serological and further Characteristics of 444 

Streptococcus porcinus. Journal of Veterinary Medicine, Series B 1998, 45, 235–243, doi:10.1111/j.1439-445 

0450.1998.tb00788.x. 446 

35.  SPSS Statistics - Überblick Available online: https://www.ibm.com/de-de/products/spss-statistics 447 

(accessed on Oct 12, 2020). 448 

36.  R: The R Project for Statistical Computing Available online: https://www.r-project.org/ (accessed on Oct 449 

12, 2020). 450 

 451 
 452 

 

© 2020 by the authors. Submitted for possible open access publication under the terms 

and conditions of the Creative Commons Attribution (CC BY) license 

(http://creativecommons.org/licenses/by/4.0/). 

 453 


