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Figure 6: Phylogenetic relationship of 108 S. pseudintermedius isolates and their sequence

types as well as geographic origin.

Abbreviations: LS: Lower Saxony, SH: Schleswig-Holstein, MP: Mecklenburg Western
Pomerania, SA: Saxony-Anhalt, RP: Rhineland-Palatinate, BW: Baden-Wirttemberg, NRW:
North-Rhine-Westphalia.Clustering of 56 STs using minimum spanning tree: Each circle
represents a unique sequence type (red= MRSP, green= MSSP). The size of the circles is

related to the number of isolates. Sample origin is indicated to Federal States of Germany.
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52452 34P12 1643

Figure 7: MST based on MLST database entries of S. pseudintermedius.

MST based on more than 600 S. pseudintermedius MLST database entries from all
continents represented by white circles with sequence types identified in this work (blue
circles): Lack of any association of STs representing S. pseudintermedius obtained from
diseased animals of different federal states with respect to branches or putative clusters

Thus, a certain ST-subgroup associated with strains from Germany is missing so far.
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5.4 Results of PFGE analysis

Analysis of the pulsed-field gel electrophoresis (PFGE) was performed by use of
Bionumerics 7.5 (AppliedMaths, Belgium). Based on this analysis, 219/220
S. pseudintermedius isolates Smal cleavage patterns yielded 20 distinct clusters using 80%
similarity as a cut-off criterion [27, 186, 187]. A further three isolates were assigned as
“singletons” since their PFGE-patterns seemed to be unrelated to the other clusters. Figure
8a and 8c.

Altogether, five PFGE clades (1, 2, 8, 12 and 16) comprising 163 isolates (74.4%)
represented the majority of the S. pseudintermedius investigated here. Each of these clades
incudes at least ten isolates. PFGE pattern associated with MSSP isolates were distributed

among 19 of the 20 clades and were represented by two of the three singeltons.

5.4.1 Detailed description of five major PFGE clades

In the following section PFGE clades comprising more than ten isolates were analysed with
respect to commonalities and differences in sample origin, host species, patient history and
molecular characteristics such as genomic background (sequence type assigned for
representatives of each clade) and presence of genes encoding exfoliative toxins. Detailed

information about all isolates is provided in Figure 8a-8c.

5.4.1.1 Description of major PFGE clade 1

The first clade comprises 10 MSSP, including the novel STs ST462, ST463, ST466 and
ST475 representing each sub-group of the clade, and one MRSP (ST341) isolate which
originated from canine and feline samples of six different federal states, including veterinary
settings located in northern, western, middle and eastern regions of Germany (Dendrogram
Part 1; Figure 8a). Within this clade, three of 11 (27.3%) isolates were derived from samples
of skin and accessory structures and 3/11 from the respiratory system. A further five isolates
were from specimens of the ear, eye, uro-genital system, wound and surgical site infection,

respectively. Two MSSP were positive for expA.
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5.4.1.2 Description of major PFGE clade 2

This clade comprises 14 canine and one feline isolate, the majority of which are MSSP
(n=13). Six of the MSSP were isolated from ear samples, three from the uro-genital tract, two
from eyes, one from the respiratory system and one from a surgical site infection,
respectively. Three MSSP were selected for MLST and subsequently assigned to the novel
sequence types ST438, ST443, and ST450, originating from Bavaria, Baden-Wirttemberg
and the Saarland. Six strains yielded a positive PCR signal for expA and five for expB

(including one isolate positive for both genes). (Dendrogram Part 1; Figure 8a).

Two canine MRSP (ST71) from skin infection and uro-genital system specimens were
included also in this PFGE clade originated from Hessen and Baden-Wurttemberg,

respectively.

5.4.1.3 Description of major PFGE clade 8

Clade eight, the largest group of this study comprises 101 isolates, including 89 MRSP and
12 MSSP which originated from a wide range of federal states, hosts and body sites. 39
representatives of the 89 MRSP were selected for MLST and all belonged to ST71. MRSP
were isolated from specimens of canine origin (n=77), eleven from cats and one from a
horse. Most were associated with surgical site infections (n= 31), followed by ear samples
(n=15) and specimens from the uro-genital tract (n=14). Samples originated predominately
from North Rhine-Westphalia (n=18) and Bavaria (n=17), followed by Hessia (n=16) and
Baden-Wirttemberg (n=14), (see also dendrogram part 1 and 2; Figure 8a and 8b).

Three canine MRSP originating from Baden-Wurttemberg (IMT25838), North Rhine-
Westphalia (IMT25843) and Hessia (IMT25849), showed indistinguishable PFGE patterns. A
further four “pairs” of canine MRSP with a similar pattern were identified within this clade.
The first pair (IMT25807 and IMT29752) were both isolated from specimens of the uro-

genital tract (UT), one sent from a praxis located in Thuringia, and one from Hessia. The

second, third, and fourth pairs were isolated from different body sites (SSI; UT; ear and
wound) and different Federal States. Moreover, two MRSP (from specimens of a dog and a
cat) from Hessia and Bavaria showed 100% similarity and had been collected from ear and
respiratory system samples, respectively. Likewise, three MRSP isolated from specimens of
uro-genital tract (IMT25798, cat), a wound (IMT25810, dog) and skin (IMT25813, cat)

showed similar PFGE patterns.
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On the other hand, 12 MSSP (dog n=11, cat n=1) clustering within this clade showed
heterogeneous PFGE patterns and most of them had been isolated from skin and accessory
structures (5 of 12). Furthermore, ten representative MSSP were characterized by MLST and
subsequently assigned to sequence types ST186, ST444, ST446, ST447, ST448, ST449,
ST454, ST464, ST465 and ST527. Five MSSP and one MRSP yielded a positive PCR result
for expB and none for expA.

5.4.1.4 Description of major PFGE clade 12

A set of 24 canine isolates from various federal states in Germany clustered within this clade,
including 23 MSSP (n=11 isolated from ear samples) followed by those from skin specimens
(n=5), the uro-genital tract (n=4) as well as singletons from wound, respiratory system and
infected skin samples. Two isolates harbored expA, one expB and one was positive for both
genes. Sequence types were assigned for 12 isolates as ST187, ST189, ST435, ST437,
ST438, ST457, ST458, ST469, and ST528. (Dendrogram Part 3; Figure 8c).

Interestingly, only one MRSP (IMT25802, ST71) was associated with this clade and whole
genome sequencing performed by T. Semmler and B. Walther exhibited significant
differences with respect to other MRSP_ST71 of this study in the high resolution phylogeny

analysis (unpublished data, personal communication).

5.4.1.5 Description of major PFGE clade 16

This clade comprises 12 (10 MSSP and 2 MRSP) canine isolates which derived mostly from
Bavaria (n= 4), Baden-Wirttemberg (n= 3) and Lower Saxony (n=2). Isolates were from ear
samples (6/12), wound samples (2/12), the respiratory system (2/12), the uro-genital system
and skin. Three MSSP isolates were positive for the presence of exfoliative toxins (one for
expA and two for expB). In addition, four MSSP isolates belonged to ST441, ST451, ST476,
ST530 respectively, while a single MRSP was assigned as ST258. (Dendrogram Part 3;
Figure 8c).
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ST 21470 VB9T1531 2010-03-04 Thunngia dog wound pos. neg neg
25807 VB962346  2010-09-08 Thuringia dog UT pos. neg neg

Federal
- . ! c ST IMT___ Original Date state Host Site  Lukl expAexpB
L R )
1 27253 VB9T1693  2010-03-05 Bavaria cat RS pos. neg neg
1 27370 VB961874  2010-09-07 Bavana dog SAS  pos. neg neg
1 ST466 30135 VB966813 2012-07-17 Brandenburg cat ear pos. neg neg
1 29893 VB966166  2012-07-14 Hessa dog UT pos. neg neg
1 ST475 29926 VB965918  2012-07-13 NRW dog ayw pos. neg neg
1 ST462 29899 WVBY66611  2012-07-17 Hessia dog SSI pos. pos neg
1 ST341 29940 VB965373  2012-07-11 Bavaria dog RS pos. neg nég
1 29896 VB966261 2012-07-14 Bavaria dog wound pos. neg neg
1 29500 VB966656 2012-07-17 LS dog SAS pos. neg neg
1 27446 VB973185  2010-03-12 Bavaria dog SAS pos. pos neg
1 ST463 29921 VB965700 2012-07-12 Hamburg cat RS pos. neg neg
— Single ST71 25800 WVB976146 2010-03-24 Thuringia cat UT pos. neg neg
29769 VB951438  2012-05-15 NRW dog aye pos. neg  pos
30139 VB96T180-2 2012-07-13 BW dog ear pos. neg neg
29922 WVB965735 2012-07-12 Hessia dog RS pos. neg pos
27356 WVB9630689  2010-09-11 Hessia dog UT pos. neg pos
27357 VB964576-2 2010-09-18 LS cat ear pos. neg neg
27348 VB963817  2010-09-15 Bavaria dog ear pos. neg pos
27397 VBITT654  2010-03-31 NRW dog eye  pos. neg neg
30132 VB967T022 2012-07-18 NRW dog SSI pos. neg neg
ST438 22124 VB998932 2010-07-06 Bavaria dog UT pos. neg pos
25954 VB998937T 20100706 BW dog ear pos. neg neg
STT1 25816 VB960566 2010-08-31 Hessia dog SAS  pos. neg neg
ST450 26519 VB993802 2010.07.05 Saarland dog ear pos. pos  pos
30136 VB966925  2012-07-18 Hessa dog ear pos. neg neg
ST443 25758 VBY967549-2 2010-10-04 BW dog UT pos. neg neg
ST71 25848 VB964247  2010-09-17 BW dog UT pos. neg neg
ST439 23967 VB995007-3 2010-06-17 RP dog ear pos. neg pos
25753 VB962867 2010-09-10 Bavaria dog ear pos. neg neg
29945 VB965235-2 2012-07-11 Hessia dog ear pos. neg neg
24073 VB998818  2010-07-07 Hessa dog RS pos. neg neg
ST478 24470 VBST23T1 2010-03-09 LS dog eye pos. neg neg
_“E ST436 21648 VBY7IT13-2 2010-03-13 SH cat UT pos. neg neg
ST474 27389 VB96145T  2010-09-03 NRW dog wound pos. meg pos
25957 VBY9E6TST  2010-09-30 NRW cat SAS  pos. meg neg
_|:| 26284 VB965620-2 2010-09-24 Bavaria dog UT  pos neg neg
26524 VME895139  2010-09-13 BW dog SAS  pos. neg neg
_|: 29767 VB951053  2012-05-15 Hessia dog ear pos. neg neg
ST470 30534 VB996958-2 2012-11-20 Bavaria dog SSI pos. neg neg
27214 VB972266  2010-03-09 NRW dog SSI pos. neg neg
_|__E 29755 VB9S113 20120515 RP Cat RS pos. pos neg
STT1 25855 VBIT4070  2010-03-16 NRW dog ear pos. neg neg
25838 VB9TE308  2010-03-25 BW dog wound pes. neg neg
sTT 25843 VBOT2404  2010-03.09 NRW dog SSI pos. meg neg
25849 VB963731  2010.09-15 Hessa dog eye pos. neg neg
-
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29752 VB952332  2012-05-19 Hessa dog UT pos. neg neg
21650 VB973379  2010-03-12 Bavaria dog ear pos. neg neg
STT1 30123 VB967225 2012-07-18 Thunngia dog SAS pos. neg neg
25712 VB977639-2 2010-11-22 Hessia cat UT pos. neg neg
25805 VB963410  2010-09-14 Hessa dog UT pos. neg neg
ST 29939 VB965253  2012407-11 BW dog wound pos. neg neg
ST 29947 VB96597T  2012-07-13 Bavana cat SSI pos. neg neg
STT1 25858 \VB9T2533  2010-03.09 MV dog ear pos. neg neg
STT1 29950 VB965976  2012-07-13 Bavana dog SSI pos. neg neg
ST7T1 25836 VBY973150-3 2010-03-11 MV dog ear pos. neg neg
29742 VB950132  2012-05-10 Bavaria dog SSI pos. neg neg
25840 VB997214  2010-06-26 Hessia dog UT pos. neg neg
8T527 30544 VB997719  2012-11-23 NRW dog SAS pos. neg neg
25799 WVB9T3I99T  2010-03-16 BW dog ear pos. neg pos
ST 25825 VB963000  2010-09-11 Hessia dog SSI pos. neg neg
25803 VB963898  2010-09-16 RP dog SSI pos. meg neg
sT7 25852 WVBIT42T1  2010-03-17 Bavaria dog wound pos. nég neég
29747 VB951080 2012-05-15 BW dog SSI pos. neg neg
ST 29943 VB965230-4 2012-07-11 BW dog ear pos. neg neg
ST 25809 VB999161 2010-07-06 SH dog wound pos. neg neg
29743 VB950620 2012-05-12 BW dog eye pos. neg neg
ST71 25808 WVB998965 2010-07-06 Bavaria dog ear pos. neg neg
25823 VB962986  2010-09-11 Hessa dog ear pos. neg neg
ST447 26509 VB999815 20100709 LS dog SAS  pos. meg neg
27344 VB963T16  2010.09-15 NRW dog aye pos. neg neg
21649 VBITIT4Z  2010-03-13 NRW dog S$S1 pos. neg neg
25845 VB99TITT  2010-06-26 RP dog SSI pos. neg neg
ST 22123 VB999T20  2010-07-08 Bavaria dog SSI1 pos. neg neg

Figure 8a: Dendrogramm based on Smal-restriction pattern of 219/220 S. pseudintermedius
isolates (part 1).

Abbreviations: red squares: MRSP; green squares: MSSP, ST. sequencetype; C: Clade; IMT: IMT strain collection number,
Original: Isolate number by IDEXX VetMed Lab Ludwigsburg; UT: genitourethral system; SAS: Skin and accessory structures; RS:
Respiratory system; SSI: surgical site infection; LS: Lower Saxony; NRW: North Rhine Westphalia, BW: Baden-Wuerttemberg, RF:
Rhineland Palatine, Brandenb.: Brandenburg, SA: Saxony-Anhalt, MV: Mecklenburg-Hither Pomerania; SH: Schleswig-Holstein;
Lukl: /ukS and /ukF encoding leukotoxin |; expA: gene encoding exfolitive toxin A; expB: gene enceoding Exfolitative toxin B
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Federal
c ST IMT___ Original Date state Host Site _Lukl expAexpB
. sTN 25798 VB9TSS86  2010-03-23 RP cat UT pos. neg neg
| | 25810 VBYT2256 201003409 LS dog wound pos. neg neg
. E1nal 25813 VB9T2077  2010-03-06 Brandenburg dog SAS  pos. neg neg
| | s 21473 VBOT3843 2010403415 NRW dog SS pos. neg neg
. s 25750 VB968540  2010-1008 LS dog RS pos. neg neg
[ | ST454 27221 VB961363-3 2010-09-03 NRW dog wound pos. neg neg
. 29741 VB950062 2012-05-10 NRW dog RS pos. neg neg
| | 25839 VB950129  2010-07-10 NRW dog ear  pos. neg neg
| | 29744 VBOS06TT  2012:05-12 Bavara dog ear pOs. neg neg
. 21851 VB97TS527  2010-03-23 HNRW dog SSI pos. neg neg
| | 30681 VMBIS430  2012-12-27 Bavaria dog SS9 pos. neg neg
| ] 25833 VB962879  2010-09-10 SH deg RS pOs. Nég neég
] 21471 VB9T2580 20100309 BW dog S§  pos. neg neg
| ] st 25817 WVB962118-3 2010.09.07 Hamburg dog wound pos. neg neg
. 23966 VB995574-2 2010-06-19 HNRW dog ear pos. neg neg
| | sTN 25827 VB964513-2 20100918 Saxony dog RS pOs. neg neg
| | 25814 VB999535 20100708 Hessia dog ear pos. neg neg
. s 25837 VB994%01  2010-06-16 BW cat ear pos. neg neg
| | 26527 WVB996403 20100623 Bavana dog ear pos. neg neg
. s§TM 25818 VB963091  2010-0%-11 HNRW dog RS pos. neg neg
_E | | 29745 VB950635  2012.05-12 BW cat RS pos. neg neg
| | 25804 VB963T10 201040915 Hessia dog S pos. neg neg
] 25821 VB9S1384  2010-09-03 NRW dog SAS  pos neg neg
| | 25850 VB963642.2 2010-09-15 Hessi dog ear pos. neg neg
30882 WMB9S499. 2012-12-20 Bavara ¢t RS pos. neg neg
| | 24070 VB99TE00 29.06.2010 BW dog SSI pos. neg neg
29746 VBY50878  2012-05-12 Bavaria 3t ear pos. neg neg
] 30517 VB996853-3 20121120 NRW dog S8 pos. neg neg
29946 VB965881  2012.07-13 BW dog S8 pos. neg neg
| | 30520 WBY9TIYY  2012-1123 Sewony dog UT  pos. neg neg
st 25842 VB9991112 201040706 NRW dog UT pos. neg neg
_E . 25846 VBO9T344-2 2010-06-26 Bavara dog ear pos. neg neg
st 25826 WVB998%00 2010-07-06 MNRW deg UT pos. neg neg
[ ST446 26510 WVBIT1143 201003403 Bavana et UT POs. Neg neg
s 22121 VB99%400  2010-07-07 RP dog S8 pos. neg neg
| | 24874 WB96159T  2010-09-04 BW dog SAS  pos. neg neg
STM 21474 VBITT000  2010-03-27 Hessia dog S§ pos. neg pos
| | s 22119 VB995121  2010-06-17 HNRW dog SSI pos. neg neg
25844 VBOT4411 2010.03.17  Hamburg dog S8 pos. neg neg
— [ ] ST449 26518 VB962757  2010-09-10 Hessia dog SAS  pos. neg pos
_{: s8N 25847 VB964677  2010-09-20 Bavana cat UT pos. neg neg
| | 30523 VB99S12T 20121124 LS dog SAS  pos. neg neg
81N 25806 VB963335  2010-09-14 Hessia dog wound pos. neg neg
E 1 25824 VB962902:2 2010-09-10 Hessia dog SS  pos neg neg
s 24872 \B9997TS6-2 20100708 BW dog UT pos. neg neg
. E1nal 25822 VB961306  2010-09-03 Bavana dog SH pos. neg neg
30518 VB99TSTO 20121122 SH cat S8 pos. neg neg
| | st 30678 VB961047  2012.12.28 Thuringia dog SAS  pos. neg neg
30676 VB961025 20121228 NRW dog S§ pos. neg neg
. s 25811 WVB99%036 2010-07-06 RP ho. ey pos. neg neg
25834 VBY63TI2  2010.09-15 Hessi dog wound pos. neg neg
| ] 24072 VB999033  2010-07-06 Bavara dog S§ pos. neg neg
24878 WB9T2407  2010-03-09 Hessia dog UT pos. neg neg
| | sTM 24469 VBIT2185  2010.03-08 NRW dog RS pos. neg neg
STT1 30121 VB9GE9Z8  2012.07-13 BW dog ear  pos. neg neg
| | TN 25851 WVB962295  2010-09-08 NRW cat UT pos. neg neg
a §T444 25841 WVB99T253-2 2010-06-26 LS dog SAS  pos. neg neg
O ST465 30129 VB966950  2012.07-18 Hessia dog SAS  pos. neg pos
| | 25820 WVB950082  2010-07-10 NRW dog S8 pos. neg neg
_E | | 25828 WVB962%07  2010-09-10 Hessia dog SSI pos. neg neg
O ST464 30128 VB966S49 20120717 BW dog ey pos. neg pos
| | st 24473 VBOTS613 2010-03-23 SA dog RS pos. neg neg
] ST186 25925 WB96S913 20120713 BW dog wound pos. neg pos
| | 25801 WVBITTEIZ  2010.01.31 Bavara dog S8 pos. neg neg
| | sTM 30120 VB966603-2 2012-07-17 Bavana dog wound pos. neg neg
| | ST525 21647 WBYT3066.2 2010.03.11 MV et UT pos. neg neg
| | sTH 24471 VBOTS610 2010-03-23 BW deg S§ pos. neg neg
B ST446 26430 WBIT1189 20100303 NRW dog ear  pos. neg neg
| | sTN 29935 VB964832 2012.07-10 BW dog UT pos. neg neg
. s 30877 VB96103%  2012-12.28 SA dog SAS pos. meg neg
[ ] ST472 27263 VBG4S 2010-09-17 NRW dog ear pos. neg pos
. 2749 VB997S59  2010-06-29 HNRW dog wound pos. pos neg
O 27423 VBIT1248 20100303 Sawony dog ear pos. pos neg
[ | ST453 27205 VB99GEEd 20100703 LS dog UT  pos. neg neg
_|—_': [®] 27394 VB99893S 20100706 BW dog ear  pos. neg neg
O 27393 VBITT839  2010.08.31 BW dog wound pos. pos pos

Figure 8b: Dendrogramm based on Smal-restriction pattern of 219/220 S. pseudintermedius
isolates (part 2).

Abbreviations: red squares: MRSP; green squares: MSSP, ST: sequence type; C: Clade; IMT: IMT strain collection number,
Criginal: Isolate number by IDEXX VetMed Lab Ludwigsburg; UT: genitourethral system; SAS: Skin and accessory structures; RS:
Respiratory system; SSI: surgical site infection; LS: Lower Saxony; NRW: North Rhine Westphalia, BW: Baden-Wuerttemberg, RF:
Rhineland Palatine, Brandenb.: Brandenburg, SA: Saxony-Anhalt, MV: Mecklenburg-Hither Pomerania; SH: Schleswig-Holstein;
Lukl: fukS and lukF encoding leukotoxin |; expA: gene encoding exfolitive toxin A; expB: gene encoding Exfolitative toxin B
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20 ST445 25952 WB9993T0  2010-07-07 Bavaria ho. RS pos. neg neg
Single ST473 27362 VB9624%4  2010-09.09 LS dog ear pos. neg pos
Single 29754 VB95238T  2012-0519 Bavaria dog SAS  pos. neg pos

Federal
C ST IMT___ Original Date state Host Site  Lukl expAexpB
| KR 25754 VB9TT080-2 2010-11-18 Bavana cat RS pos. neg neg
. 11 30692 VB960811-3 2012-12.28 NRW dog SAS  pos. pos neg
B 2 27265 VB997326 2010-06-26 LS dog ear pos. pos neg
. 12 ST469 30525 WVB997751 2012-11-23 Bavaria dog wound pos. neg neg
B 2 21652 VB972966  2010-0311 LS dog ear pos. pos pos
. 12 sTn 25802 VB996387  2010-06-23 NRW dog wound pos. neg neg
. 12 ST440 24467 VBY61600 2010-09-04 Bavaria dog SAS  pos neg neg
. 12 ST 187 21480 VB9723%0 2010-03.09 SH dog SAS pos. neg neg
. 12 27430 VB961593  2010-09-04 Bavaria dog SAS pos. neg neg
. 12 21477 VBIT1163  2010-03-09 NRW dog SAS  pos. neg neg
f"'r"_' { B 12 sT189 27382 VB998948  2010.07-06 Hessa dog UT pos. neg neg
{ : | IR 21472 VB972288  2010-03-09 NRW dog UT pos. neg neg
B 12 sT45T 27381 VB999505-2 2010-07-07 BW dog ear pos. pos neg
m 2 27431 VB961230  2010-09-02 Hamburg dog ear pos. neg neg
" l” B 12 ST458 27388 VB961566  2010.09.08 NRW dog ear pos. neg neg
| | IRH 27418 VBITIT40  2010-0313 RP dog SAS pos. nég nég
B 12 ST438 27415 VBYT1682  2010-03-05 SH dog UT pos. neg neg
B 2 26526 VB963726  2010-09-15 Hessia dog RS pos. neg neg
B 12 ST452 26522 VBY63E0  2010-0914 Hessia dog SSI pos. nég  pos
m 2 29760 VB950770-2 2012-05-12 SH dog ear pos. neg neg
. 12 ST437 22120 VB996401 2010-06-23 Thuringia dog ear pos. neg neg
| IR 26506 VB960095-2 2010-08-27 Hessia dog ear pos. neg neg
B 2 22122 VB99E8ES  2010-07-06 Berlin dog ear pos. neg neg
. 12 ST528 27391 VB960497  2010.08.31 Bavaria dog UT pos. neg neg
| IRH ST435 21478 VBIT1638  2010-03.05 Bavaria dog ear pos. neg neg
B 12 ST4s6 27355 VB9UGI048 20100911 LS dog ear  pos. neg neg
| IR 27378 VB9TS480  2010-03-22 NRW dog SAS pos. pos neg
| E | JREK] 30703 VB960960 2012.12.28 Saxony dog SAS  pos pos neg
H 3 57258 30701 VB96094T  2012-1228 LS cat weound pos. neg neg
—C | RE 29764 VBISOATT  2012-05-11 LS dog eye pos. neg neg
B 13 ST4T1 30691 VB960T19 20121227 Bavaria dog ear pos. nég neg
B 14 ST459 27419 VB9TI20Z  2010-0312 Hessia dog wound pos. pos nég
B 14 STS26 27448 VB962805  2010-09-10 NRW dog SAS  pos. neg neg
f | 4 24873 VB999TO7  2010-07-08 Bavaria dog ear  pos. neg neg
o 27358 VB9G4231  2010-0917 LS cat ey pos. nég neg
r o 4 29901 VB966710  2012-07-17 BW dog eye pos. neg neg
B 14 ST4E8 30524 VB99TT4Z  2012-11-23 NRW dog ear pos. neg neg
| R 30704 VB960961  2012-12:28 Saxony dog SAS  pos. neg neg
IR ST3T0 30149 VB96T499  2012-07-19 Bavaria dog wound pos. pos pos
B 15 ST335 21475 VBO78053 20100401 NRW dog ear pos. neg neg
_E B 15 ST467 30146 VB967393 20120719 Hessia dog SAS  pos. neg neg
| IRH S§T335 30521 VB99T0S9  2012-11-21 NRW dog ear pos. neg neg
B 16 ST441 21476 VBYT1245  2010-0303 LS dog wound pos. neg neg
B 6 27441 VB962983  2010-0911 RP dog ear pos. nég nég
B s 24468 VB961312  2010-09-03 Bavaria dog ear pos. neg pos
B s 27431 VB999397  2010-07-07 BW dog wound pos. neg pos
B s 30542 VB9STTO9  2012-11-23 LS dog SAS  pos neg neg
. 16 24071 VB997462 2010-06-29 Bavaria dog ear pos. neg mneg
B 16 ST451 26520 VB963460 2010-09-14 NRW dog ear pos. pos  neg
B 16 ST476 29932 VB965933  2012-0713 BW dog RS pos. neg neg
u L - 16 30118 VB96726T 2012-07-19 BW dog UT pos. neg neg
. 16 29933 VB965952-2 20120713 Bavaria dog ear pos. neg neg
—C . 16 ST530 24472 WVBY975461  2010-03-22 Saxony dog RS pos. neg neg
. 16 ST258 27226 VB973192-3 2010-03-12 Bavaria dog ear pos. neg neg
B v 25853 VB974573  2010-03-18 Bavaria dog ear pos. pos neg
E . 17 27361 VB962363  2010-09-08 LS dog SAS pos. neg neg
B 17 ST460 27439 VB9638S4  2010-09-16 Hessa dog eye pos. neg neq
. 17 ST186 21479 VB9721%0 2010-03.08 Saxony dog wound pos. neg pos
_E . 17 ST188 27207 VB9718%0 2010-03-06 Bavaria dog ear pos. pos neg
. 17 ST455 27350 VB997467 2010-06-29 BW dog wound pos. neg neg
- 18 ST461 29748 VBOS1114 20120515 LS dog SSI pos. neg neg
. 18 29770 VB951480 2012-05-16 Hessia dog ear pos. neg neg
B 9 sm 25812 VB998TO08  2010-07-03 Hessia dog SSI pos. neg neg
| IRE 25856 \VB963168 2010-09-14 NRW dog ear pos. neg neg
B 20 ST442 24474 VBITS34Z 201040320 Saxony dog SAS  pos. neg neg
O
O
O

Figure 8c: Dendrogramm based on Smal-restriction pattern of 219/220 S. pseudintermedius
isolates (part 3).

Abbreviations: red squares: MRSP; green squares: MSSP, ST: sequence type; C: Clade; IMT: IMT strain collection number,
Criginal: Isolate number by IDEXX VetMed Lab Ludwigsburg; UT: genitourethral system; SAS: Skin and accessory structures; RS:
Respiratory system; SSI: surgical site infection; LS: Lower Saxony; NRW: North Rhine Westphalia, BW: Baden-Wuerttemberg, RF:
Rhineland Palatine, Brandenb.: Brandenburg, SA: Saxony-Anhalt, MV: Mecklenburg-Hither Pomerania; SH: Schleswig-Holstein;
Lukl: /JukS and lukF encoding leukotoxin |I; expA: gene encoding exfolitive toxin A; expB: gene encoding Exfolitative toxin B
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5.4.2 Comparison of PFGE clades with genomic background of MRSP and MSSP
isolates

The following Figure 9 shows a minimum spanning tree (generated by Dr. B. Walther)
calculated on MLST data base entries (24.02.16) for S. pseudintermedius. The distribution of
PFGE clades (isolates clustering within the same clade were assigned to a distinct colour)
are displayed for all 108 representatives together with their sequence types.
S. pseudintermedius isolates clustering within one PFGE clade (exemplarily highlighted with
black squares for clade 8) were widely distributed on the MST, indicating a lack of

congruence between PFGE pattern and MLST data.
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Figure 9: MST displaying PFGE cluster assignment and corresponding STs distribution of
PFGE clades (isolates of the same clade share a single colour) together with their sequence
types: Some isolates clustering within one PFGE clade (exemplarily highlighted with black
squares for clade eight) were widely distributed on the MST. Each circle (red= MRSP,
green= MSSP) represents one of each sequence types. Size of circles represents number of

isolates.
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Figure 10: MST displaying STs and distribution of detected exfoliative toxins assigned in this
study. Each circle represents a distinct sequence type (red= MRSP, green= MSSP) together

with A=expA, B= expB and *= number of isolates identified harboring the toxins. Size of

circles reflects the number of isolates.
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6 Discussion

The aim of this study was to investigate the genetic background and -relationship of a
predefined set of 220 S. pseudintermedius isolates representing different host origins (dogs,
cats), various infection sites (e.g. SSI, wounds, otitis, skin and associated structures)
including methicillin-resistant and -susceptible variants. In addition, the occurrence and
distribution of important virulence factors such as exfoliative toxins and leukotoxin among the
isolate collection was determined and analyzed with respect to different genetic lineages

within a phylogenetic tree (minimum spanning tree).

6.1 Characteristics of S. pseudintermedius isolates in Germany

The proportion of S. pseudintermedius isolates from canine origin was 88.6% within this
convenience sample, while 10.5% were represented by feline and only 0.9% by equine
isolates. The overwhelming proportion of S. pseudintermedius from canine origin mirrors the
daily experience of the diagnostic lab of the Institute of Microbiology and Epizootics (personal
communication) as well as the current literature [2, 12, 46, 188].

A review published in 2012 described the adaption of S. pseudintermedius to the canine host
(Canidae family) [39]. Despite this apparent adaptation, the pathogen has the potential to
induce severe and fulminate infectious diseases in other species including horses and cats
as well [27, 44, 45)].

Furthermore, the capacity of S. pseudintermedius to cause a wide range of different
opportunistic and purulent infections is mirrored by the results of this study: The majority of
isolates were obtained from cultures of ear specimens (n=60/220; 27.3%), followed by those
from surgical site infections (n=38/220; 17.3 %), skin and accessory structures (n=33/220;
15%), wounds (n=25/220; 11.4%) and other body sites (64 of 220, 29.1%; Fig. 6). A similar
broad panel of infectious diseases caused by S. pseudintermedius (including MRSP) have
been reported worldwide [27, 46, 188-190].

Samples from the ear and skin (together with accessory structures) account together for 42%
(27% & 15%) of the sample collection, indicating the importance of S. pseudintermedius as
an opportunistic pathogen especially at these body sites. A recent study by Haenni et al.
2014 reported isolation rates of 55.6% S. pseudintermedius for samples from skin infections
and 9.9% for ear swabs in France. Since a single referral clinic was the source for all isolates
reported by Haenni et al., this difference in the study design might be the reason for this

deviation.
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6.2 Proportion and distribution of virulence factors among MRSP and MSSP

Staphylococci are able to produce a number of toxins including exotoxins like cytolytic
hemolysins, exfoliative toxins, enterotoxins, toxic shock syndrome toxin and leukotoxins such
as the Panton-Valentine leukocidin (PVL) factor, which are frequently involved in processes
of severe tissue necrosis and furunculosis caused by S. aureus. A similar leukotoxin (Lukl) is
commonly present in S. pseudintermedius [27, 31].

Nonetheless, there is a lack of data regarding the occurrence, frequency and association
with respect to different phylogenetic lineages of virulence factors associated with MRSP and
MSSP of companion animal origin. Consequently, this study intended to evaluate the
proportion of important virulence factors such as exfoliative toxins and leukocidin described
for S. pseudintermedius in earlier studies [27, 155, 191, 192].

In this study, the presence of the two co-transcribed genes encoding Lukl (lukS and lukF) for
each of the 220 S. pseudintermedius was detected. This result is in congruence with former
studies describing a common occurrence of Lukl in S. pseudintermedius independently of
e.g. geographic origin, host or body site affected [192, 193]. Consequently, further functional
studies are needed to reveal the exact role of Lukl in the colonization and/or development of
purulent diseases in the canine host. However, while its role in the pathogenesis of canine
diseases is not clear, one report suggested an importance of this factor for causing infections
in the human host [192].

Exfoliative toxins (ET) such as ExpA and ExpB (serine proteases) are considered as
important virulence factors for skin-associated infections in dogs. Staphylococcal exfoliative
toxins are able to induce intra-epidermal splitting by enzymatic cleavage of desmoglein 1.
Current studies show that ExpA exhibits 67.1%, 67.9% and 65.1% amino acid similarity with
other ETs from S. aureus (ETB, ETD) and S. hyicus (SHETB), respectively. ExpB has
homologies with SHETB (70.4%), ETD (66.1%) and ExpA (56.9%) [55, 56].

In this study, genes encoding exfoliative toxins were more common in MSSP (expA 15.9%
and expB 20.4%) than in MRSP (<1%). This result might reflect the predominance of a single
genetic background, namely MRSP_ST71 (expB-positive: 1/107) among the sample
collection, but additional MRSP STs described within this study such as ST253, ST341,
ST461, ST525 and ST335 were negative for both toxin variants described so far. The
general observation that MRSP were rarely associated with exfoliative toxins has previously
been reported in other studies [155, 194].

Conversely, studies on the occurrence of virulence factors of S. aureus indicated that the
proportion of exfoliative toxin (ETA, ETB) harboring isolates causing bullous impetigo and
staphylococcal scalded skin syndrome (SSSS) were more often associated with MRSA than
MSSA [195-197].
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However, results of this study indicate that expA is more common among MSSP isolated
from ear swabs (8/39; 20.5%) compared to an average of 15.9% for all MSSP isolates
investigated here (table 4). A comparable result was obtained for expB, which occurred in a
similar frequency (8/39; 20.5%). In addition, only 4/113 (3.5%) MSSP isolates were positive
for both toxins. In contrast to expectations, the occurrence of these toxins in isolates
obtained from samples of skin and accessory structures (16% and 12%) were near to the
average or below.

Interestingly, MSSP isolates originating from wound swabs seem to be more frequently
associated with expA (4/13; 30.8%) and expB (6/13; 46.2%). Thus, exfoliative toxins might
have a beneficial effect for the bacteria during establishment of wound infections. This aspect
might be an interesting point for further investigations.

Since the presence of expB in MSSP isolates obtained from wound specimens showed
statistical significance (p=0.024) compared with those from other body sites, this toxin might
contribute to the inflamatory progression of canine wound infections. However, further
functional research is needed to evaluate this observation.

Moreover, the broad distribution of expA- and expB-positive isolates within the phylogenetic
tree lacks obvious phylogenetic associations (Figure 10). This result might indicate the
importance of horizontal transmission of these factors on mobile elements. However, more
research on the occurrence and distribution of exfoliative toxins is needed to reveal the role
and impact of these virulence factors in distinct clinical pictures. Since other staphylococcal
exfoliative toxins (ETA, ETB and SHETB) were found on mobile elements such as phages
and/or plasmids, horizontal transmission by such elements seems to be likely for
S. pseudintermedius, too [198, 199]. Since other reports on the occurrence of exfoliative
toxins had a different study design, a direct comparison is not possible. For instance,
Gomez-Sanz and colleagues have observed a rare occurrence of expA (2/16) and expB
(3/16) in MSSP isolated from nasal samples of healthy dogs [200], and Gharsa et al. 2013

detected three expA-positive MSSP isolates (5.5%) among 55 isolates obtained from nasal

swabs of healthy dogs [191]. Borjesson et al. 2015 identified the expA (n=2) and expB (n=1)

among 12 MSSP human clinical isolates respectively [192].

Only recently, Couto et al. 2015 detected an expB rate of 14.3% (3/21) among MSSP
isolates received from different body sites of diseased dogs. Interestingly, this rate is slightly
lower than the average rate of 20.4% in this study, but the results share a similar dimension
(approximately 15-20% expA or expB-positive MSSP isolates). Since the isolate collection
studied by Couto et al. was 100-fold smaller [194], that difference might account for a greater

deviation.
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6.3 Current genotypes of S. pseudintermedius from different regions in Germany

In the past, two different genetic lineages have been described for the majority of MRSP
isolates, MRSP_ST71 as the dominating lineage in Europe and MRSP_ST68 for North-
America [27]. Since that time, hundreds of new entries into the MLST database for
S. pseudintermedius (www.mlst.net) including many new MRSP_STs (Figure 2), indicated
either a recent and on-going diversification of MRSP genotypes or a lack of
representativeness of former studies. Thus, the aim of this study was to investigate the
genetic relationship of a large collection of S. pseudintermedius isolates with respect to the
host, geographic origin and methicillin resistance using macro-restriction of the whole
genome followed by PFGE and MLST.

In this study, MLST analysis based on seven housekeeping genes was performed for 108
representatives, including 53 MSSP and 55 MRSP isolated from 2010 to 2012. The detailed
selection criteria were explained in chapter 4.2.9.

Within this study, 51 sequence types were found being associated with MSSP isolates of
different origins, while ST71 was the predominant background (87.3%) for the MRSP
isolates. However, five new MRSP STs were also detected: ST258, ST335, ST341, ST461
and ST525.

A minimum spanning tree (MST) based on the MLST data base entries at (www.mlst.net)
was generated including all STs identified within this study together with the Federal State
the original sample originated from (Figure 6). No obvious clustering of certain STs with
respect to their origin was observed. Furthermore, a MST based on the complete MLST
database (Figure 7) revealed even a lack of continent-association of certain STs, especially
for MSSP, and the general topology of the tree might indicate a recent expansion of the
S. pseudintermedius population. However, more research on this subject is needed including
whole genome data analysis.

The current predominance of MRSP_ST71 in Germany reported in former studies [14, 25,
27] was confirmed. However, MRSP-singletons were also assigned to ST335, ST341,
ST461, ST525 and ST258 (two isolates). In the past, the latter genotype was reported as
ST106 based on the former MLST-5 scheme [14, 183]. Interestingly, the ST258 clone was
sporadically reported for canine MRSP in France [201], in Denmark [202] and Italy [203].
Furthermore, ST258 was also reported as an emerging clone in Norway, were this ST (35%
of isolates) the most predominant background followed by ST71 (20%) identified among 49
clinical MRSP from a national canine isolate collection [12]. The authors concluded that
MRSP_ST258 is currently an emerging MRSP clone in Northern Europe. In addition,
polyclonal diversification seems to be underway, not only in Norway [12] but also in
Germany, considering the distribution of MRSP in the MST (Figure 6).
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Since dogs and cats travel with their owners, this might be a reason for the dissemination of
distinct MRSP STs, an idea which was discussed also by other authors [12, 202].

In addition, susceptible genotypes appear to have acquired mobile elements (SCCmec)
conferring methicillin-resistance. Interestingly, an MRSP_ST370 was already present in the
MLST database, associated with a canine isolate from Korea (data base entry 29-07-2014 in
mist data base), while in this study that ST was represented by an MSSP. A deeper analysis
based on WGS data might elucidate the relationship between these two isolates from
different continents including insights into the genomic recombination hotspot susceptible to
SCCmec acquisition [204].

6.4 Genetic relationship of S. pseudintermedius circulating in Germany: Comparison
of PFGE- and MLST results

PFGE analysis has been regarded as the ‘gold standard’ for outbreak-associated molecular
typing methods for a variety of clinically important bacteria for decades [83].

Here, one of the 220 S. pseudintermedius isolates investigated was not PFGE-typeable
using Smal. DNA-methylation of the restriction sites is a commonly reported reason for
failure of digestion with certain endonucleases [205-207].

The putative genetic relatedness of the remaining 219 isolates representing all Federal
States of Germany was investigated by PFGE and analyzed by use of Bionumerics
(AppliedMath, Belgium). In total, the majority of isolates clustered into 20 distinct groups
using a cut-off value of 80% with unweighed pair group method using arithmetic averages
(UPGMA). Only five clusters comprised 74.4% of the whole sample collection.

A very interesting finding was the fact that PFGE analysis was not mirrored by the
corresponding MLST results. The following example shows the general discrepancy between
PFGE and MLST results: Clade one comprises eleven isolates, and MLST data were
available for five of them, including one MRSP. Considering the seven loci defining an
individual ST, the clade one STs showed two allelic variants for four loci (fdh, pta, sar, tuf),
while for a further two loci (ack and cpn60), three variants, and for purA, four allelic variants
were found (see appendix 1). Consequently, the genetic relationship with respect to MLST
results obtained for the isolates clustering in clade one is rather limited. Furthermore, the use
of an in silico restriction analysis based on whole genome data might help to elucidate which
modifications of the Smal restriction sites are responsible for this incongruence between
PFGE and MLST data in this study. In addition, the MLST scheme used for
S. pseudintermedius might lack discriminatory power. Although the MLST data base entries
includes 600 different MLST, however, for the gene fuf, only 12 variants have been identified

so far.
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Furthermore, isolates belonging for instance to ST438 clustered in clade two as well as in
clade 12. A closer look at the data available for these isolates revealed two aspects: The two
PFGE patterns differed, particularly in the first three large DNA bands, while the smaller
bands below 100kb are more or less similar. Furthermore, PCR results for IMT22124 were
positive for expB but negative in isolate IMT27415. Since exfoliative toxins are often present
on pathogenicity islands (chromosomally or extra-chromosomally) which could reach sizes
between 10-200kb, substantial effects of such elements on the PFGE patterns seem to be
reasonable. While recent research on this subject based on WGS data allowed more and
more insights into the structure of S. pseudintermedius including the presence of PAls [47,
48], the subsequent effects on PFGE restriction pattern remains unclear.

Furthermore, the majority of MRSP isolates in this work were assigned to ST71, while the
corresponding PFGE pattern were assigned to six different clusters, with clade eight
comprising most of them (43.8%). These finding were in agreement with the first study of
MRSP_ST71 from Japan that reported a similar heterogeneity for this ST with respect to
PFGE clades and an also with a further recent study by Grénthal et al. 2015 from Norway
[187, 208].

Another striking finding of this study was that some canine MRSP_ST71 isolates exhibited
100% similarity with respect to their PFGE pattern. For instance, the first three isolates
clustering in clade eight originated from different practices of three distinct federal states in
Germany. Two further matching isolates were also obtained from two practices in Thuringia
and Hessia. In consequence, some isolates seemed to be related to a single common source
but widely distributed in Germany, exemplifying a clonal expansion.

Furthermore, a common geographical origin for certain MSSP genotypes was not obvious
(Fig 6). However, some MSSP pattern associated with isolates obtained from different animal
species originating from different federal states seem to be closely related. This finding might
indicate spread of various genetic lineages across large geographic regions. A putative
explanation for this observation might be the mobility of the dog owners (e.g. holiday
travelling, relocation, visiting dog shows, etc.). Previous studies regarding the PFGE pattern-
diversity of MSSP described also an impressive heterologous distribution, indicating a large
genetic diversity for MSSP in general [82, 186, 191, 200, 209].
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7 Summary

Staphylococcus pseudintermedius, a member of the Staphylococcus intermedius-group, is
known as a common colonizer of canine skin and mucosa, occasionally detected in
specimens of other animal species and humans as well. Being a representative of a typical
opportunistic pathogen, S. pseudintermedius is often associated with a wide variety of
purulent or toxin-associated infectiouse diseases in animals as well as occasionally in
humans. Despite increasing reports concerning the occurence of S. pseudintermedius,
including its methicillin resistant variant (MRSP), in recent years, knowledge about the
occurrence and distribution of genotypes together with important toxins in specimens from
diseased dogs, cats and horses in Germany is scarce. MRSP are often associated with a
multi-drug resistant phenotype, limiting effective antibiotic therapy options in veterinary
medicine. In some cases, animals have to be put down due to reasons of animal welfare.
The aim of this study was to investigate the genetic background and relationships among a
predefined set of 220 S. pseudintermedius isolates representing different host origins (dog,
cat, horse), various infected sites (e.g. surgical site infection (SSI), wound, otitis, skin and
skin-associated structures) including methicillin-resistant (n=107) and -susceptible (n=113)
variants.

Genotypic characterization was performed by conducting pulsed-field gel electrophoresis
(PFGE) for all S. pseudintermedius as well as multi-locus sequence typing (MLST) for 53
methicillin-susceptible (MSSP) and 55 methicillinresistant S. pseudintermedius (MRSP).

In addition, the occurrence and distribution of important virulence factors such as exfoliative
toxins (ExpA, ExpB) and leukotoxin (Lukl) among the isolate collection was determined by
PCR detection of the respective encoding genes and subsequently analyzed with respect to
different genetic lineages.

All investigated MSSP and MRSP yielded a positive PCR-result for lukl. Furthermore, expA
was detected in 18/113 of MSSP (15.9%), but not among MRSP. In addition, expB was
identified in 23/113 of MSSP (20.4%) and 1/107 of MRSP (0.9%), respectively.

With regard to the sample site origin distribution, MSSP isolates obtained from either “skin”
or “skin-associated structures” were with 16% (expA) and 12% (expB) equal or even below
the overall average. Interestingly, MSSP isolated from wound swabs yielded positive PCR
signals above the overall average, 30.8% for expA and 46.2% for expB. The putative impact
of these toxins during development of wound infections might be an interesting aspect and
should be further investigated in functional studies.

In total, 219 of 220 S. pseudintermedius were typeable using the PFGE technique.
Subsequent PFGE analysis and dendrogramm construction was carried out with

Bionumerics 7.5 (Applied Maths, Belgium) using the Unweighted Pair Group Method with
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Arithmetic mean (UPGMA) employing an 80% cut-off for cluster dedication. In total, 20
distinct clusters as well as three singletons were assigned. Pattern of MSSP isolates
clustered within 19 of the 20 clades and were associated with two of the three singletons
described in this work. However, some MSSP patterns associated with isolates obtained
from different animal species originating from different federal states seem to be closely
related. This finding might indicate spread of various genetic lineages across large
geographic regions. A putative explanation for this observation might be the mobility of the
dog owners (e.g. holidays, relocation, dog shows etc.).

Interestingly, the PFGE pattern of MRSP showed a remarkable diversity, an observation
which has been published in different studies from other countries as well. Several MRSP
revealed identical patterns, although these isolates originated from distinct animal patients
living in different federal states. MLST analysis revealed 50 novel sequence types (ST)
associated with the MSSP and one sequence type (ST370) that has been reported in a
previous study.

In contrast, the predominant genotype assigned to 48 of 55 MRSP isolates obtained from
various German regions, animals and infected sites determined in this study was ST71.
PFGE analysis revealed that the majority of MRSP investigated by MLST (39 of 55) clustered
within the largest clade (clade 8). However, further PFGE patterns associated with
MRSP_ST71 clustered within other clades as well. The apparent incongruence of MLST and
PFGE data for S. pseudintermedius, especially for MRSP_ST71, has previously been
described in other studies as well. The use of an in silico restriction analysis based on whole
genome data might elucidate DNA sequence modifications of the Smal restriction sites
possibly responsible for this discrepancy between results of MLST and PFGE analysis. In
addition, the MLST scheme currently used for S. pseudintermedius might lack discriminatory
power. At present, the MLST database includes more than 600 different data base entries.
However, for the gene tuf only 12 variants have so far been identified.

Although ST71 is the predominant genetic lineage for MRSP investigated in this study, a
diversification of MRSP sequence types was observed as well, consistent with recent
publications. In addition, two novel MRSP genotypes (ST461 and ST525) were identified
during this work. Furthermore, ST258 — an emerging genetic lineage identified in Northern
Europe - was also detected in the present MRSP collection. This current evolvement seems
to be similar to the evolution of methicillin-resistant S. aureus (MRSA) in the past, where
several different genetic lineages seem to be capable of aquiring and integrating the mobile
genetic element(s) harboring the methicillin resistance encoding gene. The future will show,
whether MRSP infections will remain largely restricted to veterinary medicine or if serious

infections in humans will occur more frequently.
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8 Zusammenfassung

Vergleichende genotypische Charakterisierungen von Methicillin-resistenten
und -empfindlichen Staphylococcus pseudintermedius Isolaten von Katzen
und Hunden in Deutschland

Staphylococcus pseudintermedius, ein Vertreter der Staphylococcus intermedius-Gruppe
(SIG), gehort zu den gewdhnlichen Besiedlern der Haut und Schleimhaute von Hunden und
kommt gelegentlich auch bei anderen Haustieren vor. Als typischer opportunistischer
Infektionserreger kann S. pseudintermedius eine Vielzahl von purulenten sowie Toxin-
vermittelten Erkrankungen bei Tieren und gelegentlich auch bei Menschen induzieren bzw.
sekundar ein bereits bestehendes Krankheitsbild verschlechtern. Trotz zahlreicher Berichte
Uber das Auftreten von S. pseudintermedius sowie der Methicillin-resistenten Variante
(MRSP) in der jungsten Vergangenheit ist Gber das Vorkommen bestimmter Genotypen und
deren Toxine bei Erkrankungen von Hunden, Katzen und Pferden in Deutschland bislang
wenig bekannt. MRSP-Infektionen sind fir Veterinarmediziner ein therapeutisches Problem,
da die betroffenen Tiere aufgrund des meist multi-resistenten Phanotyps dieser
Infektionserreger oftmals nur schwer antibiotisch zu versorgen sind und in Einzelfallen sogar
eingeschlafert werden missen.

Im Rahmen dieser Arbeit sind daher 220 Isolate aus ganz Deutschland, einschlieRlich 113
Methicillin-empfindlicher (MSSP) und 107 -resistenter (MRSP) Isolate zunachst mittels PFGE
typisiert worden. Anschlielend wurden insgesamt 108 Isolate (53 MSSP und 55 MRSP),
welche das gesamte Spektrum der auftretenden PFGE-Cluster reprasentieren, mittels MLST
charakterisiert. Zudem sind alle Isolate auf Gene fir die bedeutenden Virulenzfaktoren
Leukozidin (Lukl) sowie Varianten eines exfoliativen Toxins (ExpA, ExpB) untersucht
worden.

Alle MSSP und MRSP waren lukl positiv, wahrend flr expA nur 18 der MSSP und keiner der
MRSP (15,9% / 0%) und fur expB 23 der MSSP und ein MRSP positiv waren (20,4% / 0.9%).
Insgesamt wurde bei detaillierter Betrachtung der Ergebnisse fir MSSP deutlich, dass die
Isolate mit Vorbericht ,Abstrich von Haut oder Haut-assoziierten Strukturen“nur nahe bzw.
unter dem Gesamt-Durchschnitt von ca. 16% fur expA und 20% fur expB lagen, wahrend der
Anteile fUr Isolate aus Wundabstrichen mit 30,8% (expA) und 46,2% (expB) deutlich Uber
dem Durchschnitt lagen. Der potentielle Einfluss dieser Toxine auf die Entwicklung einer
Wundinfektion ist ein interessanter Aspekt, der in Rahmen von weiteren Untersuchungen zur
Virulenz von S. pseudintermedius aufgegriffen werden sollte.

Mittels Pulsfeld-Gelelektrophorese (PFGE) konnten Bandenmuster von 219 der 220 Isolate
dargestellt werden. Die Auswertung der PFGE-Bandenmuster mittels unweighed pair group

method using arithmetic averages (UPGMA) ergab insgesamt 20 Cluster sowie
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3 Einzelmuster bei Nutzung eines cut-offs bei 80%. Die Bandenmuster der MSSP-Isolate
verteilten sich auf 19 der insgesamt 20 Cluster und stellten zwei der drei Einzelmuster.
Dennoch sind in mehreren Fallen sehr ahnliche Muster bei MSSP-Isolaten von
unterschiedlichen Patienten aus verschiedenen Bundesléandern nachgewiesen worden, was
die Verbreitung zahlreicher Genotypen Uber ein gro3es geographisches Gebiet andeutet.
Grunde hierflr kdnnten z.B. in der allgemeinen Mobilitat der Hundehalter (Urlaub, Umzug,
Hundetreffen) liegen.

Die Diversitat der Bandenmuster von MRSP aus Deutschland ist hoch, eine Beobachtung,
die auch in anderen Landern gemacht wurde. Wahrend fir MSSP eine Vielzahl von
Sequenztypen detektiert wurde (davon war einer bereits aus einer anderen Studie bekannt
und 50 neu) dominierte bei den MRSP der ST71, der offensichtlich in ganz Deutschland
verbreitet ist. 48 der mittels MLST untersuchten 55 MRSP aus unterschiedlichen
Bundeslandern und medizinischen Indikationen sind dieser genetischen Linie zuzuordnen.
Die Uberwiegende Mehrzahl dieser Isolate (39 von 55) lie® sich dem PFGE Cluster 8
zuordnen, aber MRSP_ST71 sind auch in anderen PFGE Clustern aufgetreten. Diese
Beobachtung der Inkongruenz zwischen PFGE und MLST Daten fir S. pseudintermedius
und insbesondere fir MRSP_ST71 ist in der Literatur bereits beschrieben. Eine in silico
Restriktionsanalyse auf Basis von Ganzgenomdaten konnte zeigen, welche Anderungen an
den Schnittstellen der hier gewahlten Endonuklease Smal mdglicherweise zu der weltweit
beobachteten Diskrepanz zwischen PFGE und MLST-Analysen fiihren. Auch das
verwendete MLST Schema konnte moglicherweise eine zu geringe Reprasentativitat
aufweisen, z.B. gibt es fur das Gen tuf bei Uber 600 Datenbankeintrégen nur 12 Varianten.
Die in aktuellen Studien beschriebene Diversifikation der MRSP-STs. spiegelt sich jedoch
auch in dieser Studie wider. Zwei bislang nicht beschriebene STs fir MRSP wurden
identifiziert (ST461, ST525). Ferner ist ein in Nordeuropa als epidemisch beschriebener
Genotyp (ST258) auch in dieser Studie nachgewiesen worden. Diese aktuelle Entwicklung
scheint fir MRSP ahnlich zu verlaufen wie flr Methicillin-resistente Staphylococcus aureus
(MRSA) in der Vergangenheit, eine Vielzahl von genetischen Linien ist scheinbar auch in
dieser Spezies in der Lage, das Resistenz-tragendende und mobilisierbare genetische
Element aufzunehmen. Die weitere Zukunft wird zeigen, ob diese Problematik hauptsachlich
auf den Bereich Veterinarmedizin beschrankt bleibt oder ob sich auch die Falle der schweren

Infektionen beim Menschen durch MRSP haufen.
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