Aus dem Institut und Poliklinik fir Arbeits-, Sozial- und Umweltmedizin
Institut der Ludwig-Maximilians-Universitat Minchen

Vorstand: Prof. Dr. Dennis Nowak

und

dem Bayerischen Landesamt fir Gesundheit und Lebensmittelsicherheit
Sachgebiet Arbeits- und Umweltmedizin/Epidemiologie

Leitung: Prof. Dr. Caroline Herr

Besiedlung von gesunden Schwangeren und Neugeborenen mit multiresistenten Erregern

(MRE) und Staphylococcus aureus (SA): Pravalenz und Klinische Relevanz

Dissertation
zum Erwerb des Doktorgrades der Medizin
an der Medizinischen Fakultat der

Ludwig-Maximilians-Universitat zu Minchen

vorgelegt von
Antchen Herina Dammeyer
aus
Leer (Ostfriesland)
2021



Mit Genehmigung der Medizinischen Fakultéat
der Ludwig-Maximilians-Universitat Minchen

Berichterstatter:

Mitberichterstatter:

Mitbetreuung durch den

promovierten Mitarbeiter:

Dekan:

Tag der mindlichen Prufung:

Prof. Dr. Caroline Herr

Prof. Dr. Dr. E.R.Weissenbacher

Prof. Dr. Nina Rogenhofer

PD Dr. Stefanie Heinze, MPH

Prof. Dr. med. Thomas Gudermann

10.11.2021




1. Eidessstattliche Versicherung

LUDWIG i~

MAXIMILIANS Promotionsbtiro 14 ";;& b | |
LMU UNIVERSITAT Medizinische Fakultat \ = t'_;““_“z ~
[ MONCHEN RO alival. ©

Dammeyer, Antchen Herina

Name, Vorname
Ich erklare hiermit an Eides statt,
dass ich die vorliegende Dissertation mit dem Titel

,Besiedlung von gesunden Schwangeren und Neugeborenen mit
multiresistenten Erregern (MRE) und Staphylococcus aureus (SA): Pravalenz
und Klinische Relevanz*

selbstandig verfasst, mich aul3er der angegebenen keiner weiteren Hilfsmittel bedient
und alle Erkenntnisse, die aus dem Schrifttum ganz oder annahernd tibernommen
sind, als solche kenntlich gemacht und nach ihrer Herkunft unter Bezeichnung der
Fundstelle einzeln nachgewiesen habe.

Ich erklare des Weiteren, dass die hier vorgelegte Dissertation nicht in gleicher oder

in ahnlicher Form bei einer anderen Stelle zur Erlangung eines akademischen
Grades eingereicht wurde.

Brandenburg an der Havel, 04.01.2020 Antchen Dammeyer

Ort, Datum Unterschrift Doktorandin



Inhaltsverzeichnis

4.1.

4.2.

4.3.

4.4.

5.1.

5.2.

5.3.

5.4.

5.1.

5.2.

5.3.

5.4.

10.

Eidessstattliche VersiCherung........coooouiiiiii e 3
ADKUIZUNGSVEIZEICANIS ..ot e 5
PUBITKAtIONSIISTE .o 7
L Y F=T 1 AU o o S SRRPPPN 8
ZUr Studie QARKS ... 8
VeroffentliCRUNG | . ... e 10
VeroffentliChUuNG 1l . ... e e 11
Eigenanteil der AULOTIN .......oouuieiii e e 13
ZUSAMMENTASSUNG 1ooviiiiiii i e e e e e e e 14
o TN ET o U Lo 14
IMELNOAIK ... e e e 15
ErG NI S e 15
SChIUSSTOIGEIUNG ooiiiiiiiiiie e 16
SUMMIBIY ettt e ettt e e e e et e e e e e e e e e e e e ennna s 16
BaCKGIOUNG ... 16
IMEENOAS ... 17
RS UILS - 17
CONCIUSTON oo 18
VerOffentliCRUNG | ... .. e 19
VeroffentliChunNg Tl ... ... e 36
LiteratuUrVerZeIiChNIS ... 45
DANKSAGUNG .o a7
LebenSIauT .. ... 48



2. Abklrzungsverzeichnis

AMRB
ARS

CATI
CA-MRSA
E. coli
ESBL
KRINKO
LA-MRSA
LGL

MRE
MRGN
MRSA
MSSA
NICU
PFGE
PICU

QARKS

SA
SSPS
SSTI

StMGP

Antimicrobial-resistant Bacteria

Antibiotic Resistance Surveillance for Germany

Computer Assisted Telephone Interview
Community-acquired MRSA

Escherichia coli

Extended-spectrum Beta-lactamase

Commission for Hospital Hygiene and Infection Prevention
Livestock-associated MRSA

Bayerisches Landesamt flr Gesundheit und Lebensmittelsicherheit
Multiresistente Erreger

Multiresistente gramnegative Stébchen
Methicillin-resistant Staphylococcus Aureus
Methicillin-sensitive Staphylococcus Aureus

Neonatal Intensive Care Unit

Pulsed-field Gel Electrophoresis

Postnatal Intensive Care Unit

Qualitatssicherung von Antibiotikaresistenzen bei Kindern und

Schwangeren

Staphylococcus Aureus

Statistik- und Analysesoftware von IBM

Skin and Soft Tissue Infection

Bayerisches Staatsministerium fir Gesundheit und Pflege

unter anderem



UTlI

USA

Ul

U2

Urinary Tract Infections

Vereinigte Staaten von Amerika

Untersuchung 1 — Kindervorsorgeuntersuchung (1. bis 3. Lebenstag)
Untersuchung 2 — Kindervorsorgeuntersuchung (3. bis 10. Lebenstag)

zum Beispiel



3. Publikationsliste

Veréffentlichung |

A. H. Dammeyer, S. Heinze, A. C. Adler, L. Nasri, L. Schomacher, M. Zamfir, K. Heigl,
B. Karlin, M. Franitza, S. Hormansdorfer, C. Tuschak, G. Valenza, U. Ochmann, C.

Herr.

“Clinical relevance of colonization with antimicrobial-resistant bacteria (AMRB) and
methicillin susceptible Staphylococcus aureus (MSSA) for mothers during pregnancy”

Archives of Gynecology and Obstetrics
Ausgabe 5/2019

DOI:10.1007/s00404-019-05287-6

Verdoffentlichung Il

K. Heigl, M. Zamfir, A. C. Adler, A. H. Dammeyer, L. Schomacher, B. Karlin, M.
Franitza, S. Hormansdorfer, C. Tuschak, G. Valenza, U. Ochmann, C. Herr, S. Heinze.

“‘Prevalence of methicillin-sensitive (MSSA), methicillin-resistant Staphylococcus
aureus (MRSA) and extended-spectrum beta-lactamase Escherichia coli (ESBL-

producing E. coli) in newborns — a cross-sectional study”
The Journal of Maternal-Fetal & Neonatal Medicine

DOI: 10.1080/14767058.2020.1849100


https://www.springermedizin.de/archives-of-gynecology-and-obstetrics-5-2019/17309222
https://doi.org/10.1007/s00404-019-05287-6

4. Einleitung

Die Pravalenz der Besiedelung mit multiresistenten Keimen gewinnt zunehmend an
Bedeutung. Die hieraus resultierende Resistenzsituation kann zur Beschrankung
therapeutischer Maoglichkeiten fiihren (1). Die wichtigsten Erreger sind dabei die
multiresistenten Erreger (MRE), wie etwa dem Methicillin-resistenten Staphylococcus
aureus (MRSA) und den multiresistenten gramnegativen Stabchen (MRGN) sowie
dem Staphylococcus aureus (SA) als Surrogatparameter im Hinblick auf Uber-
tragungswege und Infektionsgeschehen (2),(3). Aus der Besiedlung mit multi-
resistenten Erregern (MRE) und dem Methicillin-sensiblem Staphylococcus aureus
(MSSA) kénnen verschiedene Infektionen resultieren, die einen langeren Kranken-
hausaufenthalt sowie zusatzliche Kosten und erschwerte Therapiemdglichkeiten
bedingen kdnnen (1). Haufig auftretende Infektionen aufgrund einer Besiedelung mit
multiresistenten Keimen konnen u.a. Haut- und postoperative Wundinfektionen,
postpartale Mastitis und Harnwegsinfektionen sein (1), (3). Gerade die Suche nach

potentiellen Risikofaktoren kénnte beim Screening eine bedeutende Rolle spielen.

Bisher liegen nur Forschungsergebnisse zur allgemeinen Krankenhauspopulation
bzw. zu Hochrisikopatienten in ausreichendem Mal3e vor, Daten zur Préavalenz der
Besiedelungen mit multiresistenten Erregern und den Risikofaktoren bei Schwangeren
und Neugeborenen sind bisher jedoch noch sehr limitiert. Schwangere sind eine
besonders sensible Population, da die Behandlungsmdglichkeiten bei Infektionen
wahrend der Schwangerschaft sehr eingeschrankt sind. Ungeklart ist auch weiterhin,
ob eine Besiedlung mit multiresistenten Erregern Auswirkungen auf die Schwanger-
schaft und die Geburt hat und, ob es eine Ubertragung der Besiedlung von der Mutter
auf das Kind gibt (4).

4.1. Zur Studie QARKS
Die Studie ,Qualitatssicherung von Antibiotikaresistenzen bei Kindern und
Schwangeren® (im Folgenden: QARKS) wurde vom Bayerischen Staatsministerium far
Gesundheit und Pflege (StMGP) gefordert und vom Bayerischen Landesamt fur
Gesundheit und Lebensmittelsicherheit (LGL) durchgefuhrt. Ziel der Studie war die
Pravalenz und die klinische Relevanz der Besiedelung mit MRE bei gesunden

Schwangeren und Neugeborenen zu untersuchen.



Die Studie wurde im Zeitraum von Oktober 2013 bis Dezember 2015 mit den

nachstehenden Kooperationspartnern durchgefihrt:

» Bayerisches Landesamt fir Gesundheit und Lebensmittelsicherheit;

» Institut fur Arbeits-, Sozial- und Umweltmedizin, Klinikum der Universitat
Munchen;

» Rotkreuzklinikum Munchen, Frauenklinik, Taxisstral3e 3, 80637 Minchen;

» Universitatsklinikum Augsburg, Frauenklinik, Stenglinstraf3e 2, 86156 Augsburg.

Eine unabhangige Ethikkommission der Ludwig-Maximilians-Universitat Minchen hat

die Studie im Vorfeld begutachtet und genehmigt.

Die gesunden Schwangeren aus dem Rotkreuzklinikum Minchen und dem Klinikum
Augsburg, die zum Zeitpunkt der stationdren Aufnahme vor der Geburt rekrutiert
wurden, wurden nur unter schriftlicher Einwilligung in die Studie aufgenommen. Eine
Aufklarung der Patientinnen erfolgte durch ein ausfihrliches persénliches Aufklarungs-
gesprach und anhand der Patienteninformationen zur Studie. Es wurden nur gesunde
Schwangere in die Studie aufgenommen, welche die schriftliche Einwilligung sowohl
zur Studie als auch zu den Abstrichen bei den Neugeborenen abgegeben und
mindestens das 18 Lebensjahr vollendet hatten. Hierbei wurden im Vorfeld Risiko-
schwangerschaften, vorzeitige Blasenspriinge, geplante Sectiones sowie ambulante
Geburten von der Studie ausgeschlossen. Darlber hinaus wurden nur vaginal-
entbundene Neugeborene in die Studie aufgenommen, die nicht im Rahmen einer
Notfall-Sectio entbunden wurden oder intensivpflichtig waren. Auch wurden auf
speziellen Wunsch oder bei Verlegung in eine andere Klinik die gesunden
Schwangeren / Miutter einschliel3lich der Neugeborenen in der Studie nicht beriick-

sichtigt.

Nach entsprechender Aufklarung und schriftlicher Einwilligung der schwangeren
Frauen wurden im Kreissaal kurz vor der Geburt Abstriche im Mamillen-, Nasen-,
Perianal- und Vaginalbereich entnommen und anschlieBend im Labor auf MRE
(MSSA, MRSA und ESBL) mit Hilfe von Kultur- und Molekularmethoden untersucht.
Fur die Datenerhebung Uber den Zeitraum der Schwangerschaft wurden ferner die
schwangeren Frauen anhand von standardisierten Interview-Fragebogen befragt und

darliber hinaus erganzende Daten aus den Mutterpassen und den Krankenakten im



Rahmen des Krankenhausaufnahmeverfahrens extrahiert. Den Neugeborenen
wurden unmittelbar nach der Geburt Abstriche im Nasen- und Nabelbereich, sowie
nach weiteren drei Tagen im Rahmen der ,U2“ Abstriche im Nasen-, Nabel- und

Perianalbereich entnommen.

Samtliche Teilnehmerinnen konnten im Vorfeld entscheiden, ob sie bei positiver

Befundung tber das Ergebnis lhrer Abstriche informiert werden méchten.

Im Nachgang der labortechnischen Untersuchungen wurden die Miutter, sofern die
Einwilligung vorlag, telefonisch nachbefragt, um weitere Daten und Informationen zum
Gesundheitszustand der Mitter und deren Neugeborenen fur den Zeitraum von bis zu

sechs Wochen nach der Entbindung zu erlangen.

Die Studie ,QARKS*® soll primar zur Beantwortung nachstehender Fragestellungen

dienen:

» Welche Pravalenzen von Besiedlungen mit Staphylococcus aureus, MRSA und
ESBL finden sich bei Schwangeren und ihren Neugeborenen?

» Konnen Ubertragungen von Mutter auf Kind gezeigt werden (identischer Klon)?

» Gibt es eine klinische Relevanz der Kolonisierung fur die Mutter wahrend und
nach der Schwangerschaft sowie fir das Neugeborene?

» Geben die Daten Hinweise auf notwendige Screening-Untersuchungen oder

prophylaktische Sanierungen bei gesunden Schwangeren?

Das Forschungsvorhaben ,QARKS* wurde primar eigenfinanziert und die Laborunter-
suchungen vom Bayerischen Staatsministerium fir Gesundheit und Pflege (friher

Bayerisches Staatsministerium fir Umwelt und Gesundheit) gefordert.

4.2.Veroffentlichung |
Wie vorangegangene Studien bereits gezeigt haben, kdnnen nosokomiale Infektionen
zu einem Anstieg der Morbiditat und Mortalitat fuhren (5). Vor diesem Hintergrund
gewinnt die Pravention sowie der Nachweis nosokomialer Infektionen aber auch die
Intervention zur Kontrolle und zur Bek&dmpfung von Antibiotikaresistenzen immens an
Bedeutung. Die meisten Studien in diesem Zusammenhang stutzen sich auf die
Pravalenzen von MSSA, MRSA und ESBL bei Hochrisikopopulationen, Studien zu den

Pravalenzen dieser MRE bei Schwangeren sind jedoch noch sehr begrenzt. Daher
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beschreiben die meisten der verfugbaren Studien die Pravalenz von MSSA oder
MRSA auf Intensivstationen (5). Dartiber hinaus gibt es nur Studien, die die Besiedlung
mit MRE bei Schwangeren in den USA betrachten, wo die Pravalenzraten im

geburtshilflichen Umfeld viel hdher sind als in der westeuropéischen Region (6).

Daher liegt der Fokus der ersten Veroffentlichung ,Clinical relevance of colonization
with antimicrobial-resistant bacteria (AMRB) and methicillin susceptible Staphylo-
coccus aureus (MSSA) for mothers during pregnancy® auf der Besiedlung mit
MRE/MSSA der geburtshilflichen Bevdlkerung innerhalb Deutschlands. Das Ziel der
Studie war sowohl die Pravalenz der Besiedlung gesunder schwangerer Frauen mit
MRE/MSSA, als auch die klinische Relevanz und die Identifizierung méglicher Risiko-

faktoren auf die geburtshilfliche Bevdlkerung zu untersuchen.

Zu diesem Zwecke wurden im Zeitraum von Oktober 2013 bis Dezember 2015
schwangere Frauen kurz vor der Geburt nach entsprechender schriftlicher Einwilligung
auf eine etwaige Besiedlung mit MRE/MSSA aus dem Mamillen-, Nasen-, Perianal-
und Vaginalbereich abgestrichen und anschliel3end im Labor auf die zuvor genannten
Erreger getestet. Im Vorfeld wurden ebendiese schwangeren Frauen anhand eines
standardisierten Interview-Fragebogen befragt und bei gegebener Unvollstandigkeit
die Daten aus den Krankenakten im Rahmen des Krankenhausaufnahmeverfahrens

miteinbezogen.

Die Ergebnisse der Studie zeigten im Vergleich zu anderen Studien eine niedrige
Gesamtbesiedlungsrate mit MRE/MSSA sowie einen niedrigen Prozentsatz
kolonisationsbedingter Infektionen. Weiterhin zeigte sich, dass mehrfach gebéarende
Frauen ein wesentlich héheres Risiko fir eine Besiedlung mit MRE/MSSA haben als
jene Frauen, die ihr erstes Kind gebaren. Die Studie zeigt, aufgrund der geringen
Pravalenz von MRE/MSSA, dass ein grundsétzliches allgemeines Screening von nicht

risikobehafteten schwangeren Frauen nicht zu empfehlen ist.

4.3.Veroffentlichung Il
Sowohl Lungenentziindungen, als auch Haut- und Weichteilinfektionen und weitere
schwere systemische Infektionen kdnnen aus einer Besiedlung mit MSSA resultieren.
Eine entsprechende Besiedlung mit MRSA erschwert die Behandlungsmaoglichkeiten,

da diese gegen eine Vielzahl von Antibiotika resistent sind (7). Eine besondere
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Risikogruppe stellen in diesem Zusammenhang Neugeborene mit niedrigem
Geburtsgewicht (8), Friilhgeborene (9) und Neugeborene mit langeren Krankenhaus-
aufenthalten (10) dar. Auch die Besiedlung mit Escherichia coli (ESBL-produzierende

E. coli) bei Neugeborenen erhoht das Risiko einer gramnegativen Sepsis (11).

Andere Studien zeigten, dass bei Neugeborenen eine Pravalenz von MSSA in Hbéhe
von 5% (12) sowie eine MRSA-Pravalenz bei der Aufnahme auf eine NICU oder PICU
eine Pravalenz in H6he von 1,9% (13) vorliegt. Jedoch gibt es nur wenige Studien zu
den Préavalenzen von MSSA, MRSA oder ESBL-produzierenden E. coli bei
Neugeborenen innerhalb Deutschlands.

Die zweite Veroffentlichung ,Prevalence of methicillin-sensitive (MSSA), methicillin-
resistant Staphylococcus aureus (MRSA) and extended-spectrum beta-lactamase
Escherichia coli (ESBL-producing E. coli) in newborns — a cross-sectional study”
untersucht daher die Pravalenz von MSSA, MRSA und ESBL-produzierenden E. coli
bei Neugeborenen. Dartber hinaus wurden Antibiotikaresistenzen und spa-Typen
sowie die Ubertragung von MSSA/MRSA und ESBL-produzierenden E. coli von den
Muttern auf ihnre Neugeborenen eingehend untersucht.

Im Rahmen der Studie wurden bei den schwangeren Frauen unmittelbar vor der
Geburt und bei den Neugeborenen unmittelbar nach der Geburt Abstriche enthommen
und nach schriftlicher Einwilligung auf eine etwaige Besiedlung mit MSSA, MRSA und
ESBL-produzierenden E. coli im Labor mit Hilfe von Kultur- und Molekularmethoden
untersucht. Die Abstriche wurden bei den schwangeren Frauen aus dem Mamillen-,
Nasen-, Perianal- und Vaginalbereich und bei den Neugeborenen im Nasen- und
Nabelbereich, sowie nach drei weiteren Tagen erganzend im Perianalbereich

entnommen.

Die Studie kam zu dem Ergebnis, dass die Besiedlung der Mutter mit MSSA, MRSA
und ESBL-produzierenden E. coli in den meisten Fallen auch auf das Neugeborene
Ubertragen wird, jedoch konnte nicht jede Besiedlung durch eine Mutter-Kind-
Ubertragung erklart werden. Weiterhin besteht kein Zusammenhang zwischen einer
Besiedlung mit MSSA, MRSA und ESBL-produzierenden E. coli des Neugeborenen

und einer anschlieRenden Infektion.
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4.4.Eigenanteil der Autorin
Die Autorin war mit der Planung und Durchfiihrung, insbesondere der Datenerhebung
am Standort Munchen, welche u.a. neben der Aufnahme und Aufklarung der
Patientinnen, deren ausfuhrliche Befragung, die Durchfihrung der Screening-
Abstriche bei Mutter und Kind auch aus der telefonischen Nachbefragung bestand,

sowie der Auswertung der Studie betraut.

Die Aufnahme und Aufklarung der gesunden Schwangeren umfasste in diesem Zu-
sammenhang die vorausgehende Bewertung der Geeignetheit anhand der
Ausschlusskriterien zur Teilnahme an der Studie, sowie die ausfihrliche Befragung
der gesunden Schwangeren im Kreissaal anhand des eigens hierflr entworfenen
Fragebogens. Hierbei wurden neben den allgemeinen Angaben, wie z.B. Grol3e, Alter,
Gewicht, Herkunft und beruflicher Téatigkeit, auch Aussagen zu etwaigen Kontakt-
personen und Kontaktorten mit erhhtem Vorkommen von MSSA, MRSA und MRGN

aufgenommen sowie zu etwaigen Infektionen in der Schwangerschatft.

Weiterhin wurde zu diesem Zeitpunkt auch die schriftliche Einwilligung der Patientin
zur Aufnahme in die Studie, zur mikro- und molekularbiologischen Untersuchung der

Abstriche der Patientin und ihres Neugeborenen eingeholt.

Darliber hinaus wurden seitens der Autorin im Kreissaal des Rotkreuzklinikums
Minchen 406 Screening-Abstriche auf MSSA, MRSA und MGRN durchgefiihrt. Die
Abstriche wurden bei der Patientin sowohl nasal, vaginal, perianal als auch mamillar
abgenommen. Die Abstriche bei den Neugeborenen wurden im Rahmen der Ul und
U2 vom Klinikpersonal durchgefuhrt. Hierflr wurden bei der Ul Abstriche nasal und
umbilikal und im Rahmen der U2 sowohl nasal, umbilikal als auch perianal durch-

geflhrt.

Seitens der Autorin erfolgte weiterhin die Datenextraktion relevanter Daten aus dem
Mutterpass und der Krankenakte zu etwaigen Vorerkrankungen, zur Medikation sowie

zur Geburt des Kindes, Daten zu U2 und zu etwaigen Geburtskomplikationen.

Sofern es zu einem positiven Befund der Abstriche kam, wurden die Patientinnen

umgehend von der Autorin benachrichtigt, sofern dies im Vorfeld erwtinscht wurde.

13



Dariber hinaus 0bernahm die Autorin die statistische Auswertung der
Studienergebnisse mit Hilfe der Statistik- und Analysesoftware SPSS 23.0 (IBM). In
diesem Zusammenhang wurden kategorische Variablen mit Hilfe des Chi-Quadrat-

testes und dem exakten Test nach Fisher bestimmt.

Im Speziellen erstreckt sich der Eigenanteil der Autorin an den beiden Vero6ffent-

lichungen wie folgt:

Bei der ersten Veroffentlichung ist die Verfasserin Erstautorin. Der zuvor beschriebene
Eigenanteil wurde im Zuge der ersten Veroffentlichung eigenverantwortlich und
vollumfanglich von der Autorin erbracht. Dartiber hinaus verfasste die Autorin das
Manuskript, wertete anhand geeigneter Methoden die erhobenen Daten aus und war

darlber hinaus fur den kompletten Veréffentlichungsprozess verantwortlich.

Im Zuge der zweiten Vero6ffentlichung unterstitzte die Autorin die Erstautorin sowonhl
bei der Durchfuhrung der Datenerhebung als auch bei der Auswahl und Spezifizierung
der geeigneten Methoden sowie der folgenden Analyse der gewonnen Daten. Dariiber
hinaus arbeitete die Autorin mal3geblich an der Erstellung des Manuskriptes mit und

unterstutzte beim Veroffentlichungsprozess.
5. Zusammenfassung

5.1.Hintergrund
Es gibt bisher keine Daten zur Pravalenz und die klinische Relevanz der Besiedlung
asymptomatischer Schwangerer mit Methicillin-senstitiven Staphylococcus aureus
(MSSA), Methicillin-resistenten S. aureus (MRSA) oder mit Escherichia coli
produzierenden Escherichia coli mit erweitertem Spektrum [(-Laktamase (ESBL)
innerhalb Deutschlands. Weiterhin gibt es bisher auch keine Daten zur Préavalenz der
Besieldung bei gesunden Neugeborenen mit den zuvor genannten Bakterien sowie

zur Pravalenz der mutterlichen Ubertragung auf das Neugeborene.

Im Zuge der Studie ,QARKS* wurde sowohl ebendiese Pravalenz der Besiedlung mit
MRE/MSSA im erweiterten Spektrum bei gesunden Schwangeren und ihren
Neugeborenen, als auch die klinische Relevanz und die Identifizierung maoglicher
Risikofaktoren auf die geburtshilfliche Bevoélkerung untersucht. Dartber hinaus wurde

im Rahmen der Studie eine mogliche Ubertragung der MRE/MSSA auf das gesunde
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Neugeborene sowie eine Antibiotika-Empfindlichkeit von MSSA-, MRSA- und ESBL-

produzierenden E. coli-Isolaten untersucht.

5.2.Methodik
Im Untersuchungszeitraum, von Oktober 2013 bis Dezember 2015, wurden
schwangere Frauen und ihre Neugeborenen nach schriftlicher Einwilligung aus dem
Rotkreuzklinikum Minchen und dem Klinikum Augsburg auf eine mdgliche Besiedlung
mit MRE/MSSA untersucht.

Fur eine fundierte Datenerhebung wurden sowohl die Teilnehmerinnen im Vorfeld
durch einen geschulten Interviewer anhand eines standardisierten Interview-
Fragebogen befragt als auch ergdnzende Daten aus dem Mutterpass und der
Krankenakte im Rahmen des Krankenhausaufnahmeverfahrens extrahiert. Daraufhin
wurden den Teilnehmerinnen im Kreissaal kurz vor der Geburt Abstriche im
Mamillen-, Nasen-, Perianal- und Vaginalbereich entnommen. Den Neugeborenen
wurden unmittelbar nach der Geburt Abstriche im Nasen- und Nabelbereich sowie
nach weiteren drei Tagen im Rahmen der ,U2 Abstriche im Nasen-, Nabel- und

Perianalbereich entnommen.

Die Proben wurden anschlieBend im Labor auf MRE (MSSA, MRSA und ESBL) mit
Hilfe von Kultur- und Molekularmethoden untersucht. Die statistischen Analysen
wurden im Nachgang mit SPSS 23.0 (IBM) durchgefihrt.

5.3.Ergebnisse
Im Rahmen der Studie wurden Proben von 651 schwangeren Frauen und 658
Neugeborenen gesammelt und auf MRE/MSSA untersucht. Nach der labortech-
nischen Untersuchung zeigte sich, dass bei 651 schwangeren Frauen eine Besiedlung
mit MSSA in Héhe von 14,3% (n = 93) und mit MRE in H6he von 3,5% [(n= 23); MRSA:
n = 3; ESBL: n = 20] festgestellt wurde.

Die Pravalenz entsprach derer im Zuge vorangegangener Studien gefundener Pra-
valenz in der Allgemeinbevodlkerung oder war etwas niedriger. Bei mehrfach
gebardenden Frauen konnte eine signifikant hohere Besiedlung mit MRE/MSSA
festgestellt werden als bei Frauen, die nulliparés waren (p < 0,05). Es zeigte sich, dass
eine MSSA-Besiedlung signifikant mit selbstberichteten Atemwegserkrankungen
wahrend der Schwangerschaft assoziiert war (p < 0,05), hingegen aber eine
MRE/MSSA-Besiedlung statistisch nicht mit anderen Infektionstypen assoziiert war.
15



Die Pravalenz bei den Neugeborenen fur MSSA lag bei 10,9% (n = 71) und fir MRSA
bei 0,5% (n = 3) bzw. flir ESBL -produzierende E. coli bei 2,5% (n = 16). Es zeigte
sich, dass die Ubertragung von MSSA, MRSA oder ESBL-produzierenden E. coli von
der Mutter auf das Neugeborene ein Risikofaktor fur die Besiedlung des
Neugeborenen ist, jedoch zeigte sich keine Assoziation zwischen der Besiedlung des

Neugeborenen und einer spateren Infektion.

5.4.Schlussfolgerung
Unsere Ergebnisse zeigen eine niedrige Gesamtbesiedlungsrate mit MRE/MSSA
sowie einen niedrigen Prozentsatz besiedelter gesunder Schwangerer, die assoziierte
Infektionen entwickelten. Dartber hinaus konnte keine Assoziierung zwischen
auftretenden Infektionen und dem Kolonisierungsstatus der Neugeborenen festgestellt
werden. Nicht jeder Fall einer Neugeborenen-Besiedlung konnte durch eine Mutter-
Kind-Ubertragung erklart werden, jedoch spielt die miutterliche Besiedlung eine

entscheidende Rolle bei der Besiedlung der Neugeborenen.

Ein generelles Screening schwangerer Frauen ohne Risikofaktoren wird nicht
empfohlen, da die Pravalenz von MRE/MSSA grundsétzlich gering ist. Weiterhin wird
aufgrund der Studienergebnisse im Zusammenhang mit etwaiger Antibiotika-
resistenzen im Vorfeld einer Behandlung von MRE/MSSA assoziierter Infektionen ein

Antibiogram empfohlen, um die Wirksamkeit der Antibiotika sicherzustellen.
5. Summary

5.1.Background
There are no data on the prevalence and clinical relevance of colonization of
asymptomatic pregnant women with methicillin-susceptible Staphylococcus aureus
(MSSA), methicillin-resistant S. aureus (MRSA) or with Escherichia coli producing
Escherichia coli with extended spectrum [ lactamase (ESBL) within Germany.
Furthermore, there are no data on the prevalence of colonisation in healthy newborns
with the above-mentioned bacteria and the prevalence of maternal transmission to the

newborn.

In the "QARKS" study, the prevalence of colonisation with AMRB/MSSA in the
extended spectrum in healthy pregnant women and their newborns was investigated,

as well as the clinical relevance and identification of possible risk factors for the
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obstetric population. In addition, the study investigated a possible transmission of
AMRB/MSSA to the healthy newborn as well as antibiotic susceptibility of MSSA-,
MRSA- and ESBL-producing E. coli isolates.

5.2.Methods
During the study period, from October 2013 to December 2015, pregnant women and
their newborns were examined for possible colonization with AMRB/MSSA following

written consent from the Red Cross Hospital Munich and the Augsburg Hospital.

For a profound data collection, the participants were interviewed beforehand by a
trained interviewer using a standardized interview questionnaire, and additional data
were extracted from the maternity record and the medical file as part of the hospital
admission procedure. Thereupon, in the delivery room shortly before the birth, the
participants were given smear tests in the nipple, nose, perianal and vaginal areas.
Smears were taken from the newborns immediately after birth in the nasal and
umbilical region and after a further three days in the "U2" in the nasal, umbilical and

perianal region.

The samples were then analyzed in the laboratory for AMRB (MSSA, MRSA and
ESBL) using culture and molecular methods. The statistical analyses were

subsequently performed using SPSS 23.0 (IBM).

5.3. Results
Samples from 651 pregnant women and 658 newborns were collected and analyzed
for AMRB/MSSA. After the laboratory examination, it was found that 651 pregnant
women were colonized with MSSA in 14.3% (n = 93) and with AMRB in 3.5% [(n = 23);
MRSA: n = 3; ESBL: n = 20].

The prevalence was similar or slightly lower than the prevalence found in previous
studies in the general population. Multiparous women were found to have significantly
higher colonisation with AMRB/MSSA than women who were nulliparous (p < 0.05).
MSSA colonisation was found to be significantly associated with self-reported
respiratory disease during pregnancy (p < 0.05), but AMRB/MSSA colonisation was

not statistically associated with other types of infection.

The prevalence in newborns was 10.9% (n = 71) for MSSA and 0.5% (n = 3) for MRSA
and 2.5% (n = 16) for ESBL-producing E. coli. It was shown that transmission of MSSA,

MRSA or ESBL-producing E. coli from mother to newborn is a risk factor for
17



colonisation of the newborn, but no association was found between colonisation of the

newborn and later infections.

5.4.Conclusion
Our results show a low total colonization rate with AMRB/MSSA and a low percentage
of colonized healthy pregnant women who developed associated infections. In
addition, no association between emerging infections and the colonization status of
newborns was found. Not every case of newborn colonization could be explained by
mother-to-child transmission, but maternal colonization plays a crucial role in the

colonization of newborns.

A general screening of pregnant women without risk factors is not recommended
because the prevalence of AMRB/MSSA is generally low. Furthermore, based on the
results of studies on possible antibiotic resistance, an antibiogram is recommended
prior to treatment of AMRB/MSSA-associated infections to ensure the efficacy of

antibiotics.
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Abstract

Purpose The impact of colonization with antimscrobial-resistant bactenia (AMRB) and methicillin-sensitive Staphviococ-
cus aureus (MSSA) of healthy pregnant women is not described in detail in Germany. In this study, we screened for MSSA
and AMRB, especially for methicillin-resistant S. anrews (MRSA) as well as extended-spectrum beta-lactamase (ESBL)-
producing E. coll. Potential risk factors for colonization with AMRB/MSSA and the potential effects of colonization with
these on the obstetric population were investigated.

Methods From October 2013 until December 2013 pregnant women were screened before birth for colenization with
AMRB/MSSA from the mammillae, nose, perianal and vaginal area. Before birth, the expectamt mother was administered a
standardized interview questicanaire by a trained interviewer. Data from the hospital admission records were also included.
Results Samples from 651 pregnant women were analyzed. Colonization with MSSA was detected in 14.3% (n=93),
AMRB in 3.5% [(n=23): MRSA: n=3/ESBL: n=20}. Significantly more colonization of AMRB/MSSA could be detected
in women who had previously given birth compared 10 women who were nulliparous (p < 0.05). MSSA colonization was
significantly associated with self-reported respiratory diseases during pregnancy (p < 0.05), but AMRB/MSSA colonization
was not statistically associated with other types of infection.

Conclusion Our results demonstrate a low overall rate of colonization with AMRB/MSSA. as well as a low percentage of
colonized pregnant women who developed infections. Multiparous women are at higher risk for colonization with MSSA/
MRSA or ESBL. Because the prevalence of AMRB/MSSA is low, this study suggests that general screening of pregnant
women without risk factors is not recommended.

Keywords MRSA - MSSA - ESBL - AMR - AMRB - Pregnancy - Prevalence - Risk factors

Introduction

The colonization with microorganisms such as antimicro-

0 A H. Dammeyer bial-resistant bacteria (AMRB) and methicillin-sensitive
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Germany

Staphylococcus aureus (MSSA) can lead to infections [1).
The consequences of AMRE and MSSA-related infections
in healthy pregnant women may be prolonged hospital stays,
additional hospital costs and more difficult treatment condi-
uons [2]. Therefore, it is important to know the prevalence
and clinical impact of colonization with antibiotic-resistant
bacteria. The impact of colonization with AMRE and MSSA
of healthy pregnant women is not described in detail in Ger-
many. The increasing prevalence of infections as well as
the reduced discovery of pew drugs makes treatment more
challenging [3]. It is questionable whether colonization with
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AMRB and MSSA is relevant for pregnancy and childbirth
and whether there is transmission from mother to child.

Prevalence of colonization

Methicillin-resistant Staphylococeus awreus (MRSA) as well
as extended-spectrum beta-lactamase (ESBL)-producing
microorgznisms are some of the most common multiresistant
bacteria (4. 5]. MSSA is often used as surrogate parameter
for MRSA due to similar characteristics (e.g. in terms of
PVL production), transmission pathways and caused infec-
tions. Similarly to MRSA. carriage of MSSA does not neces-
sarily Jead to infection; it is a facultative pathogen [6].

A study on the peevalence of ESBL-producing E. coli
among infection control personal revealed a colonization
rate of 3.5% [7] which continues to increase [1]. Further-
more, the number of ESBL-producing E. coli in German
outpatient care increased from 2.7% in 2008 to 5.6% in 2012
|8]. Increases in ESBL-£. colf colonization in both hospital
and cornmunity setting are an emerging threat [9].

In the German general popalation, MSSA was carned a
least once in 40.9% [10] and in German hospitals MRSA
prevalence decreased from 14.0% in 2010 to 9.0% in 2015
taken from swabs [11).

However, studies with the prevalence of AMRB in preg-
nant women are limited. It is difficult w find sources stating
coherent prevalence of MSSA. MRSA and ESBL in Ger-
many in the healthy, pregoant women population as most
studies focus on high-risk populations. Therefore, most
of the data available describe the prevalence of MSSA or
MRSA in intensive care units [2]. and colonization in the
USA where prevalence rates in the obstetric setting are
much higher than in the Western European region [12].
Various studies report MSSA colonization with 17-24.3%
and MRSA colonization with 0.5-3.5% [12-14] in the USA
in pregnant women. A literature review from 2010, which
included the data of Medline, EMBASE and the Cochrane
database, showed that the prevalence of MRSA in the obstet-
ric population is geperally low [15]. Exact numbers about
the total incidence of MRSA and ESBL colonization in the
obstetric population in Germany are not svailable. Given
the limited availability of use of antibiotics, it is vital that
research is focused on this particular risk group.

Infections

Evidence has been provided that shows an association
between colonization with AMRB/MSSA and higher
probability of infection [16]. MRSA or MSSA caused
infections are not clinically distinguishable [5]. but
MRSA infection is associated with a higher mortality rate
(36.4% with MRSA and 27% with MSSA in intensive care
patients). The reason for that is not adequately clarified.

@ Springer

but a possible explanation could be the delayed effect of
antibiotics therapy or different pharmacokinetic properties
of the antibiotic [5].

MRSA infections in the general population are often
locally limited skin and soft tissue infection or recurrent
abscess [17).

The prevalence of MRSA colonization in the obstetric
population is comparable with the prevalence in the gen-
eral population [18]. Most commonly it presents as skin
and soft tissue infection (SSTI) with multiple sites and
recurrences [18, 19].

Serious infectious syndromes have been reported [18]
and can affect the obstetric population. Urinary tract infec-
tions (UTT) caused by ESBL colonization are one of the
most frequent infections appearing during pregnancy
[20). The colonization with antibiotic-resistant bacteria
complicates the treatment of these infections. Some epi-
demiologic reviews state, that the presence of an ESBL
colonization is associated with a threefold increase in the
risk 1o develop an urinary tract infection [21].

Risk factors

Various sources show different potential nisk factors for
colonization with AMRB or MSSA. Among the gener-
ally known and well described risk factors are hospitaliza-
tion [22-25] contact with the health care setting [26, 27]
chronic diseases or comorbidities [3. 27, 28] and previous
antibiotic use [3, 23, 24).

There is no immediate risk of infection after coloniza-
tion for healthy people. At risk for infection after AMRB
colonization are people with chronic wounds., skin lesions,
chronic diseases like diabetes or undergoing immunosup-
pressive therapy [3, 5, 29].

Another potential risk factor for AMRB colonization
and spread could be travelling or time spent abroad [30,
31]. Studies determined that a colonized family member is
also a high-risk factor for colonization with AMRB/MSSA
(intra-familial transmission) [32, 33]. In this context. Kel-
lie shows that contact with children in day-care could be
a further cause of MRSA acquisition [18]. Further risk
groups for a MRSA colonization are pregnant women who
had a cesarean section or who are multiparous [19].

A potentially higher risk for colonization with live-
stock-associated MRSA (LA-MRSA), are also persons
either coming in direct contact with industrial ivestock or
via inhalation of contaminated barn dust [34]. The actual
number of ambulant LA-MRSA infections in Germany is
unknown [35). LA-MRSA is not less virulent than other
MRSA but can be differentiated in its epidemics in health
care institutions [36).
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Objective

Thus, it is particularly relevant to find how colonization
with AMRB affects the obstetric population. So far there
are scarcely any research results on the clinical relevance
and risk factors for the colonization with MSSA, MRSA or
ESBL in the obstetric population.

The aim of this swudy was to detect the prevalence of colo-
nization of healthy pregnant women with AMRB/MSSA as
well as its clinical relevance and corresponding risk factoes.

Methods
Population

Participants from two large Bavarian clinics were recruited
from October 2013 until December 2015 to participate in
this (cross-sectional) study. Therefore, they had to sign
an informed consent form, be at least 18 years of age and
have a planned vaginal delivery. Primary, selected or emer-
gency caesarean section, outpatient birth, multiple preg-
nancies or cervical incompetence (pessary, cerclage) were
excluded from the study. Data from participants who with-
drew their consent or moved 10 another health care facility
were removed from the study. All the collected data and the
microbiological samples were pseudo-anonymized via an
internal encryption code which did not contain the name,
initials or date of birth. The methodology has already been
described in detail in the work of Adler et al. and Zamfir
et al. [37. 38].

The study was developed by the Bavarian Health and
Food Safety Authority, Munich and was funded by the
Bavarian State Ministry for Public Health and Care Services.
The Institutional review board of Ludwig-Maximillizns-Uni-
versity Munich approved the study.

Data collection

Before birth, the expectant mother was administered a stand-
andized in-person interview questionnaire by a trained inter-
viewer. The expectant mother answered questions regarding
potential contact with fomites, exposure to known risk fac-
toes or persons belonging to a group with higher prevalence
of AMRB. The questions in the questionnaire were designed
1o assess prospectively designated selected risk factors for
AMRB/MSSA-colonization. Of particular importance were
the issues of occupational activity, infections and hospital
stays during pregnancy. The mother’s medical history and
medication intake were self-reported during this interview
(Fig. 1). Data from the hospital admission records such
as delivery date, weight and size of the mother were also
included. The child’s birth data, possible complications and

the discharge from the hospital were collected from medi-
cal records. After abour six weeks, a follow-up Computer
Assisted Telephone Interview (CATI) was conducted con-
cerning any infection the child or the mother developed after
hospital leave.

Screening

Before birth, four samples were taken from the woman. In
prevention service Ul and prevention service U2 a wital of
5 samples were taken from the newborn. In total, samples
were taken from the following sites: Mother: mammillie,
nose, vaginal, perianal: infant (Ul): nose, perianal; infant
(U2): nose, perianal, umbilical. Al samples were screened
for MSSA, MRSA and ESBL-E. coll. Antibiotic resistance
screening for MRSA and ESBL was performed. The isolates
were tested for antibiotic susceptibility, for detailed descrip-
tion see the article by Zamfir et al. [37).

Statistical methods

To compare categorical variables, the x*test and Fisher’s
exact test were used. A logistic regression model buslding
was done with the potential factors with influence on coloni-
zation status selected a priori. A p value <0.035 was consid-
ered as statistically significant. All statistical analyses were
performed using SPSS 23.0 (IBM).

Results
Descriptive statistics and prevalence

This study analyzed data from 651 pregnant women. Out
of initially 763 participating pregnant women, 112 were
excluded due 1o missing questionnaires. 62.5% (n=406) of
data were collected in clinic 1 as well as 37.6% (n=245)
in clinic 2. Post-delivery 420 women were interviewed per
follow-up CATL

The average age of pregnant women at hospital admission
was 32 years (SD=4.8). The underlying average BMI before
pregnancy was 23.7 (SD=6.0) with a minimum of 12.9 and
a maximom of 51.3. A summary of the socio-demographic
data is given in Table I. AMRB/MSSA colonization was
detected in 17.4% (n=113), whereof MSSA was found in
14.3% (n=93) and AMRB in 3.5% (n=23) (MRSA: n=3;
ESBL n=20) of the pregnant women.

Analysis of risk factors and dinical relevance
Different potential risk factors for infections were analyzed

1o examine an association between the colonization with
AMRB/MSSA and clinical relevance.
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Fig. 1 Daza collection
Table 1 Sociodemographic Total (N=651) Climic | (V=406) Climic 2
charxcternistics of pregnant ( (N=245)
wamen
n % " % " %
Age in years
1829 197 T 1a 285 83 32
R 253 93 156 3949 €« 399
>34 193 300 130 125 63 259
BMI
Underwerght (< 19) 47 72 24 71 18 74
Normalweight (19=25) 400 614 246 0.6 154 629
Overweight/Adipositas (2 25) 186 K46 1y 293 61 274
Previous birth
Nulliparous 433 665 290 713 143 584
Multiparous (1) 165 B4 82 202 83 1349
Multiparous (2) 4@ 6.1 25 62 15 6.1
Mubktiparous {3 or mare) 13 20 9 22 4 1.6
Q) Springer
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Regarding the delivery mode, 79% (rn=514) of the preg-
nant woman had a vaginal delivery. The remaining 21%
(n=137) delivered with a secondary Cesarean Section due
10 different unpeedictable reasons. The mode of delivery did
not predict colonization with AMRB/MSSA.

Another factor considered was previous pregnancies.
About one third (33.5%: n=218) of the women were mul-
tiparous. From them, 16.9% (n=237) were colonized with
MSSA, 0.9% (n=2) with MRSA and 4.1% (n=9) with
ESBL-E. coli. From the woman who were nulliparous
{66.5%; n=433), MSSA colonization could be detected
in 12.9% (n=356), MRSA coloaization in 0.2% (n=1) and
2.5% (n= 1) colonization was detected with ESBL-E. coll.
Consequeatly, significantly more colonization of MRSA/
MSSA and ESBL-E. coli could be detected in women who
had previous birth compared to women who were nullipa-
rous (p < 0.05).

Differences due 1o hespital location were not significam
(Clinic 1: n=12. 2.4% ESBL-E. colt/Clinic 2: n=8; 3.2%
ESBL-E. coli). 258 (40%) women reported travelling abroad
during their pregmancy. Overall, no significant increase was
detected in the coloaization with MRSA (1 =0. 0%), MSSA
(n=38; 15%) or ESBL-E. coli (n=5:2%) (Table 2). Of the
women who traveled abroad. 3% (1= 12) reported having
had contact with health care facilities (2 as guests and 10
as patients). From the 651 mothers included in the study,
10 mothers reported having had contact with the medical
services outside the country as patients (3 stationary) and
2 were visitors. The factors “professional activity in the
healthcare sector™ and “leisure/professional activity within
agriculture or with animals™ showed no statistically signifi-
cant differences with regard 10 AMRB/MSSA colonization.

Furthermore, pregnant women self-reported preexisting
diseases (long-term medication, candiovascular diseases,
kidney or thyroid diseases, hypertension and diabetes) in
16.9% of the cases and medical coaditions during pregnancy
(gestational hypertension, gestational diabetes) in 8.9%.
Both factors did not predict AMRB/MSSA colonization.
Likewise, antibiotic use did not predict AMRB/MSSA colo-
nization during pregnancy. When looking & hospitalization,
it was found that the median hospital stay was four days.
The days were not significantly different when the mother

was colonized with MSSA, MRSA or ESBL-E. coli. The
odds ratio of colonization with AMRB for pregnant woman
who were hospitalized was 0.87 (C10.11-6.96) and 0.42 (CI
0.16-1.17) for pregnant woman who travelled abroad after
adjusting for clinic and antibiotic use in the logistic model.
The odds ratio without adjusting were 0.70 (CI 0.09-5.33)
and 0.55 (C10.20-1.51). respectively.

From the 113 (17.4%) women positive for MRSA/MSSA
or ESBL colonization during pregnancy, 8.8% had a vaginal
infection, 5.3% had a urinary tract infection (UTI), 0.9% a
soft tissue infection and 11.5% a respiratory disease such as
bronchitis, sinusitis or otitis, as indicated in Table 3.

Figure 2 compares the infections of patients with AMRB/
MSSA colonization and without. Patients suffering from a
self-reported respiratory disease had a higher percentage of
AMRB/MSSA colonization. Thus, MSSA colonization was
significantly associated with respiratory diseases (p <0.05),
but MRSA, MSSA or ESBL colonization were not ststisti-
cally associated with other types of infections.

The data from the post-survey were evaluated and can
be found in Table 4. There is no significant evidence that
AMRB/MSSA induced infections after delivery are higher
than infections that are not due to colonization, based on
data of colonization before birth.

With regards to the antiblotic resistance of the bacterial
isolates, 100% of MSSA isolates were resistant 1o penicillin.
MRSA isolates were 100% resistant to cefoxitin. imipinem,
oxacillin and penicillin. In ESBL isolates. amoxicillin, ampi-
cillin, cefotaxime, cefuroxim, piperacilin and tazobactam
resistance was found in all isolates (Fig. 3).

Discussion

Our results demonstrate a low overall rate of colonization
with MSSA (14.3%), MRSA (0.5%) and ESBL-E. coll
(3.1%). Other sources reported comparable results with a
MSSA prevalence of 17-24 3% [13], MRSA prevalence of
0.5-3.5% [12-14]) and ESBL-E. coli prevalence of 63-8.6%
26, 39). The colonization with AMRB/MSSA was not sig-
nificantly associated with any demographic or obstetrical

Table2 Travelling

Total (N=258) MSSA (N=38) MRSA (N=0) ESBL(N=5)
% n % u % n %
North/West Europe 59 29 9 17 0 0.0 0 a0
Easi/South Europe 166 643 22 579 0 0.0 N 0.0
North America 10 39 1 24 63 0.0 0 a0
CentralySouth Amenica o a9 I 246 0 0.0 0 (K1)
Asia 15 53 4 105 0 0.0 ] 20.0
Afnica 3 12 1 246 0 .0 0 (K1)
Q) Springer
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Table3 Analysis of nisk factors and clinical relevance
Towal (N=651) AMRB+SApos AMRE+SA MRSA (V=3) SA(N=93) ESBL
(N=113) neg (N=23) (N=20)
" % n % L] % ] % u % n %
Mode of delivery
Vaginal 514 790 89 788 20 870 3 1000 71 2 17 850
Cesarean® 137 210 b2 212 3 130 0 00 21 n9 E) 150
Previcus pregrancy
Nulliparous 433 66.5 65* 575 12 552 1 3313 55 60.0 1 550
Multiparous 218 335 48 425 11 479 2 666 7 400 9 450
Risk factors
Stay Abroad 252 387 a2 8.1 5 217 0 00 s 410 5 250
Profession Healthcare 28 43 5 44 o 00 0 00 5 54 0 00
Profession Agriculture 173 266 3 274 4 174 1 333 7 294 3 150
Previous discase® 110 169 19 168 2 87 0 00 17 179 2 100
Disease during pregnancy” 58 89 10 %8 1 43 0 0.0 9 95 1 50
Antibiotic use S0 123 15 133 1 02 0 00 14 143 1 02
Haspitalzution 46 71 1o 15 I 02 [ 00 9 14 1 2
Infections in pregnacy
Vaginal 57 88 0 S8 Kl 174 [ 00 6 6.3 4 2040
Usinary tract 43 66 6 53 0 00 0 00 6 6.5 0 00
Purupent Skin 1 02 0 00 o 00 0 00 0 00 0 00
Soft tissue 14 22 1 09 0 00 0 00 1 11 0 00
Oritis 6 0ns I 09 0 00 0 00 1 1l 0 00
Respiratory® 4l 63 12¢* 106 1 44 0 00 L1%** 120 1 50
Operation 5 0% 0 00 (1] 00 0 00 0 00 0 00
*p 0026
**p 0038
***n 0016
"1 ong-term medicationicants lar/kidney, thyroidhyper Kiabetes 1. 11
.‘-! '] .Ll"u Ldiak
“Only secondary Cesection (not emergency or primary)
IRespiratory = sinusitis, broachitis

variable except increased parity and self- reported respira-
tory infections during pregnancy.

Comparing our results with the available data is opague
due 10 methodological differences. as well as sampling from
different skin regions and ut different time points.

Infections and diseases

Different determinants like the ability to spread. as well as
viruleace factors (e.g. pathogenity, resistance and factors
from the environment like hy giene) influence whether colo-
nization leads to infection or not [40]. Our study showed,
that only a small percentage of colonized pregnant women
also have infections. It can also be mentioned that colo-
nized women are more susceptible o later reinfections [41).

@ Springer

Huang et al. [41] found that about 29% of patients developed
MRSA reinfections.

A previously reported association between chronic dis-
ease or comorbidities and higher incidence of AMRB/MSSA
colonization [3. 42] could not be detected in our study. Self-
reported preexisting or chronic medical conditions were not
significantly associated with colonization (Table 3).

With respect to acute infections, AMRB/MSSA coloni-
zation reselted in more respiratory infections in pregnant
women. MSSA colonization in particular, which i uwsed asa
surrogate parameter for MRSA due 1o similar characteristics,
was associated with respiratory diseases, as confirmed by
Lowy [3]. A point prevalence survey reported lower res-
piratoey tract infections as the most frequent documented
nosocomial infection [43]. Respiratory infection is one of
the major consequence of MRSA colonization, with the
more serious results of MRSA induced pneumonia [35].
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Fig.2 Infections of pregnant women wish/without colonization

Clinically, the most common result of MSSA/MRSA colo-
nization is skin and soft tissue infection [ 17, 2K, 44]. Numer-
ous studies suggested that colonization with AMRB/MSSA
correlates with a higher risk of postpartum infections like
increased risk for postoperative or post-cesarean wound
infections as well as postpartum mastitis [45). Other studies
stated that there is no higher risk of infection through MRSA
colonization [13], which was coherent with our resalts. In
our study population only 15 cases of SSTI (2.4%) were
found, from them only | case (6.7%) was colonized with
MSSA and none with MRSA. Similar results were found
for postoperative condition—in our study sample, only 5
women had surgical intervention during pregnancy. A larger
study population would have been needed 10 reliably detect
comparable results.

UTT is one of the most common nosocomial infections
[43] and presents a particular problem for pregnam women
and their children since they are the most frequent infec-
tions appearing during pregnancy [20]. Most frequently they
are due to colonization with gram-negative pathogens [27).
Studies show that the numbers of community-acquired UTI1
with ESBL-E coli keep increasing [4. 46. 47]. Ascending
microorganisms in the vaginal tract can lead to possible
problems during pregnancy, for example ascending ESBL-
£ coli inthe urinary tract. In our sample 6.6% (n=43) self-
reported having had an UTL, 5.3% (n=6) of them also hav-
ing colonization with ESBL-E. coli or MSSA (none with
MRSA). This is comparable to the incidence of bacteriuria
in pregnancy as reported by the German Society of Urology
[48]).

Pregnant women are more inclined to develop a vaginal
or urinary tract infection due to hormonal and physiologic
changes [20). Vaginal infection was the most self-reported
infection in our sample during pregnancy. 8.8% (n=57) of
women, from them 17.5% (n=10) being colonized with
ESBL-E. coli or MSSA. In the literature, incidence bacte-
riad vaginosis (bacterial disturbance of the vaginal flora) is
reported to be 5 1o 20% in pregnancy [49, 50

Risk factors

Risk factors for infections have been analyzed in studies
before, but scarcely in the combination of MSSA/MRSA
and ESBL-E. colt. Well known risk factors like hospitaliza-
ton, antibiotic use, chronic disease and contact with health
care have been associated with AMRB infection [3, 22-24,

24. 26, 27]. However. other studies found that traditional risk
factors do not predict MRSA carriage in pregnant women
[45). Reusch [14] investigated risk factors (prior abscess.
afterschoolfdaycare program, antibiotic use, hospitalization)
for colonization with MRSA in pregnancy and could not
identify statistically significant risk factors [ 12].

In our study. there are several possible explanations
for the weak associations between traditional risk factors
and colonization with AMRB/MSSA. Particularly the low
prevalence of colonization with AMRB/MSSA restricted
our statistical power. On the other hand. the low prevalence
was expected, as the majority of pregnant women without
additional risk factors are healthy individuals who rarely
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need inpatient treatment. Other investigations have shown
similar results [12].

These amongst others are reasons why the risk of
MRSA acquisition and thus infection for healthy pregnant
is not inc i compared to the g I population [5].
There are studies stating antibiotic use as a risk factor for
colonization with MSSA or MRSA [51]; but there are also
studies stating the coatrary [29, 32).

Hospitalization is regarded as a strong risk factor for
AMRB acquisition, but our resalts do not confirm this
statement. Woman. who were hospitalized during preg-
nancy did not show a higher incidence of AMRB acquisi-
tion. In addition, the hospital stay for the delivery has been
looked at and like Saiman et al. [22], we conclude that the
days were not significantly different when the mother was
colonized with MSSA, MRSA or ESBL-E. coli.

In this context, we noted that women who are multipa-
rous show statistically significantly higher prevalence of
AMRB/MSSA colonization (p < 0.05) compared to woman
without previous deliveries. This variable is significant
but 4 weak risk factor. Other studies point out that a risk
of colonization is increased with multiparity [19, 52, 53).
Prior studies showed that multiparous women and women
who have had a cesarean delivery were more likely to have
CA-MRSA (community-scquired MRSA) infections [19).

A possible explanation coald be recent visits to outpa-
tient medical facility like visits at the gynecologist, pre-
natal care and visits at the emergency department. There
the risk is higher for AMRB/MSSA colonization [45, 54).
Another reason could be more exposure with AMRB/
MSSA for multiparous women who were previously hos-
pitalized for the births of the first children.

Another variable considered was travelling or rather
time spent abroad. From the 258 women (40%) travelling
during pregnancy. no significant incresse was detected in
the colonization with MRSA.

Trips to areas with high AMRB prevalence or increased
contact with potentially contaminated surfaces (e.g. air-
ports) [30] could be risk factors [35]. Further studies
showed that rectal colonization with ESBL-producing
Enterobacteriaceae was associated with travelling [26].
Maier et. al. [31] showed that an increased number of
MRSA cases were associated with wravelling or contact
with persons originating from countries with high MRSA
prevalence. Similar results were found in the Netherlands
or Sweden, where after return from Asia approximately
30% of individuals were colonized with ESBL (30, 55].
These findings are similar 1o our data where 33% (n=3)
of the women travelling 10 Asia (n= 15) were colonized
(7% with ESBL-E. coli and 27% with MSSA).

Based on our study, local differences in prevalence can
be traced between the two participating clinics. The differ-
ence between the two clinics in the prevalence of MSSA

@ Springer

and ESBL-E. coli illustrates that prevalence is dependent
on regional and local conditions and the way institution-
specific factors are influencing the spread of bacteria.

Professional activity in health care was also comsidered
as a risk factor influencing AMRB acquisition. Studies show
that with 1-3% MRSA colonization, health care employees
have considerably higher prevalence [43). Contact with the
health care setting is particularly also a known risk factor
for ESBL infection [27). We cannot confirm these results,
but our dataset is wo small 10 make an accurate statement.
Therefore, additiomal special protection measures in the con-
text of maternity protection seem 1o be unpecessary.

In some studies, the contact with agricufre is handled a5
another risk factor [35]. Kock et. al. [26] demonstrated, that
people with agricultural livestock were 31 times more likely
to acquire MRSA. Although frequently acquired, coloniza-
ton was tested negative within 24 h [56]. The main reservoir
of LA-MRSA is agricultural livestock which can be trans-
mitted from animals to humans. A possible threat would be
the introduction from the colonized human to the hospital
setting [35]. Because we had so few mothers colonized with
AMRB in our study population, the variable “contact with
agriculture™ could not clearly highlight  risk factor. The
value of MRSA outside the hospital gains in importance and
becomes a new challenge.

Antibiotic resistance

The therapy for MSSA and MRSA has to be differentiated,
Up 10 80% of MSSA strains are resistant to all penicillins.
This is also reflected in our data. The therapy has to be
adapted 1o the antibiogram and to the clinical picture [57].
According to recommendations of the Robert Koch Institute,
infections with MSSA are treated with  penscillinase-resist-
ant penicillin (e.g. flucloxacillin) as well as st generation
cephalosporins and inhibitor-protected penicillin. Alterna-
tives are combinations with rifampicin [40]. For skin and
soft tissue infections as well as penicillin allergy a therapy
with clindamycin is recommended. The total duration of
treatment depends on the clinical course, but it should at
least be 7-10 days [57].

In the case of an MRSA infection, the treatment will be
more sebective because MRSA is a variant of Staphylococ-
cus aureus with the formation of an additional penicillin-
binding protein PBP2a which has a low affinity for beta-
lactam antibiotics and that results in resistances to almost all
antibiotics in the beta-lactam group [40]. Vancomycin from
the glycopeptide group was long time first-line therapy. but
the resistances in hospitals are increasing and alterative
antibiotics have to be used. This was not reflected in our
data, we found 100% susceptibility for vancomycin (Fig. 3).
In case of uncomplicated bacteraemaa, it is still used as a
standard. A series of antibiotics are available as altemative
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therapy. Clindamycin, for example, is rarely effective in
nosocomial MRSA infections. It is often effective in commu-
nity acquired MRSA, but our data showed 33% resistance for
clindamycin. Further alternatives to vancomycin are avail-
able; Teicoplanin is another representative of glycopeptides
or linezolid as well as daptomycin or tigecycline can also
be used [58). Our datz do also reflect 100% susceptibility in
these alternative antibiotics.

In the event of a gram-negative infection. ESBL formers
are considered. Extended-spectrum f-Lactamase is a beta-
Lactamase with an extended-spectrum, which inactivates
penicillin and cephalosporins, which are highly resistant
10 many antibiotics. Data from a study in France found an
increasing resistance from 2001 to 2016 in the third gen-
eration of cephalosporin group for invasive E. coli strains
[59). Our data also showed resistance to this group, ESBL-E.
coll was susceptible with oaly 19% to ceftazidim. Further
resistances exist for amoxicillin, ampicillin, piperacillin and
wzobactam, cefepim, ceftazidim, cefotaxim and cefuroxim.
Equally, substances from the group of flouroguinolones (cip-
rofloxacin and levoffoxacin each up to 35%) as well as sub-
stances from the groups of glycosides (azithromycin 73%)
and aminoglycosides (gentamicin 42% ) show resistances.
Today. this might constitutes a greater therapeutic problem
in Europe than MRSA [60]. Currently, available therapy
options are beta-Lactamase inhibitors in combination with
a penicillin or cephalosporin as well as temocillin, carbapen-
ems, colistin, fosfomycin and tigecycline [60]. Resistance to
fosfomycin and tigecycline are very rare until now.

Prevention and screening

The Hospital-Infections-Surveillance-System (KISS), a Ger-
man surveillance system for nosocomial infections, proposes
a focus on the improvement of prevention instead of treat-
ment [2].

Basic hand hygiene represents a very important factor. In
most cases the bacteria are transferred through the hands of
medical staff (nurses and physicians). In the case of naso-
pharyngeal colonization, the transmission occurs via skin
and can then spread further [40]. In medical institutions,
the hands of employees are the most important transmission
way for infections [5]. a good established and consequent
basic hygiene is, therefore, the basis to prevent infections
and speead of bacteria [61].

Another aspect 10 be considered is the careful handling
of antibictics. Kallen et al. [62] showed that a uniform and
transparent approach to the use of antibiotics is esseatial 10
measure the qualitative and quantitative use of anubiotics
and to ensure reliable use [62]. Any use of antibiotics shoulkd
be subject to a strict indication to prevent the rise of new
antibiotic resistance [63).

Commission for Hospital Hygiene and Infection Preven-
uon (KRINKO) recommends that universal screening in
pregnant is ineffective [64), the prevalence is low, resulting
in massive costs without additional benefits [12, 18, 65].
Our results support this approach, that there is no depend-
ence between AMRB/MSSA colonization and associated
infections.

In the case of MRSA colonization. & local eradication/
decolonization is a useful prevention strategy to prevent
colonization [ 15, 66-68].

Further, we have to mention that there is no danger for
the pregnant and their unborn because Staphylococcus does
not pass the placental barrier. In the situation of MRSA car-
riage, it is recommended to take swabs and to apply a local
eradication/decalonization to prevent wound infections of
the newborn [40]). Standard procedure for the eradication
on skin is body washings of intact skin with antiseptic solu-
tons, nasal eradication therapy is mupirocin treatment [40]

However, we also have to say that MRSA is rare and the
burden is modest but decolonization is still recommend
when the risk for infections needs to be minimized [ 12].

For patients colonized with ESBL-E. coll, it was found
that ESBL will stay for some month and will then disappear
in the majority of cases [63]. There are only weak data for
eradication therapy, which did not give satisfying resulis.
The appropriateness of eradication has not yet been conclu-
sively clarified and it is not advisable so far [63].

Limitations and future studies

As previously noted, we could not demonstrate strong risk
factors predicting AMRB/MSSA colonization and conse-
quent infections. The low prevalence of colonization pro-
vided limited statistical power to determine a lurge number
of risk factors. We recognize that there may have been many
potential risk factors that could have been evaluated given
a larger sample size. The analysis of risk factors reveals
the multitude/variety of conflicting results. In relation to
the study population, geographical location and the differ-
ent strains, a variety of different aspects were considered.
Samples were collected in two hospitals from two different
cities from the same federal state; therefore, we can assume
that the population is not fully repeesentative for the whole
German obstetric population. However, a comparison of two
hospatal popalations is possible, with one of them in a more
rural area and one with urban population.
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Condusion 2. Geffers C, Gastmeier P(2011) N ial infections and multi-
inG iolagical data from

Summarizing. AMRB/MSSA colonization rates in expectant
mothers were low and concordant with the general popula-
uon. Increased parity can be a risk factor for colonization
with MSSA/MRSA or ESBL.

The colopization with MSSA/MRSA or ESBL of healthy
pregnant woman did not seem relevant for infections dur-
ing pregnancy. As the percentage of infections is similar in
colonized and uncolonized bealthy pregnant women, this
study suggests that routine screening is not necessary in a
population with low prevalence, when no complicated preg-
nancy conditions are given. Prophylactic screening oe further
investigations should be considered individually for every
case. Awareness should be raised on problems sarrounding
AMRB spread, colonization and infection. Information and
medical consultation of the patient are of special interest.
Eardy detection of resistant isolates is getting more and more
important because that is the only way to prevent spreading
in hospitals and the community.
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Objectives: The objective of this study was to evaluate the prevalence of MSSA, MRSA, and
ESBL among healthy newboms. Additionally, mother-to-newbom transmission rates were investi-
gated as well as antibiotic susceptibility of MSSA, MRSA, and ESBL isolates.

Methods: Swabs of 658 b and their moth

were collected to investigate the pres-

ence of MSSA, MRSA, and ESBL. Swabs were taken from the nose and umbilicus i

after birth. Additional swabs were taken from the nose, pesianal area, and umbilicus 3 days after
birth. Samples were screened and further characterized using culture and molecular methods.
Results: Prevalence of MSSA, MRSA, and ESBL colonization was 109, 0.5, and 2.6%,

Mmmsmmmmmmmﬁmsmdmenm
d by PFGE) were 53.6% for MSSA/

time point. Mother-to- t rates (confu

respectively.
and infections at any

MRSA and 100% for ESBL. Maternal carriage of MSSA, MRSA, or ESBL was a risk factor for colon-
mﬂollhemmmmmhtammmmwhmwumndedmmu-
apy, including dindamydn and daptomydin for MSSA/MRSA ol and entap wein,
and tigecyclin for ESBL isolates,

Conclusion: No association between infections and the newboms' colonization status could be
mmdmudmauwanmmmrdelnmwm:mm
case of colonization could be explained by her-to-
dpmgnmtwmmhdmynewbomslnnnabaemeofolhermkhamumm.y
To prevent the possibility of nmmmummmwmapw
women, parents, hospital visitors, and cbstetricians should ive reqular training on ap
mhmmmmmmmwmemmmdnsmmmddmbbm

an antibiogram should be conducted before treating MSSA/MRSAJESEL infections to ensure the

efficacy of the antibiotics.

Introduction

Staphylococcus aureus (S. aureus) can cause pneumo-
nia, skin, and soft tissue infections, as well as severe
systemic Infectlons, among other diseases. Treatment
is becoming an Increasingly difficult task due to the
presence of methicillin-resistant S aweus (MRSA)
stralns resistant to a varlety of antiblotics [1].
Especially newborns with low birthweight [2], preterm
birth [3L and prolonged hospital stay [4] are at higher

risk to develop severe infections caused by MSSA and
MRSA. Another issue Is presented by extended-spec-
trum betadactamase-producing Escherichia coll (ESBL)
because newborns colonized with ESBL have an
increased risk of being diagnosed with Gram-negative
sepsis [SL

Studies reporting S. oureus colonization in the
German population found rates between 21.9% and
40.9% [6-8], whereas MRSA colonization rates were
between 0.7% and 129% [6-8]. Colonization with
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ESBL in the German community was reported to be
6.3% [9). In newborns, colonization with S. aweus was
found to be 5% [10]. A meta-analysis on the preva-
lence of MRSA colonization on admission to a NICU or
PICU showed an overall prevalence of 1.9% [11].
Prevalence rates of MSSA, MRSA, or ESEL In newborns
were difficult to determine, as there is not much litera-
ture on this topic in Germany.

Therefore, this study investigates the prevalence of
MSSA, MRSA, and ESBL colonization among newborns
In two Bavarian hospitals. Additionally, antibiotic
resistance and spa types were examined. Furthermore,
transmission rates of MSSA/MRSA and ESBL from
mothers to their newborns were determined.

Materials and methods

Materials and methods for this study have previously
been described [12]. The following briefly outlines the
procedures applied.

Study design and population

This cross-sectional study took place In two Bavarlan
hospitals from April 2013 to December 2015. Pregnant
women over 18years of age with a planned vaginal
delivery were included in the study. During hospital-
lzation, data were collected by a trained Interviewer
using a standardized questionnaire and by extraction
from medical records. All women who participated
gave their written Informed consent and had the
choice to be notified If they or their children were
colonized with MRSA or ESBL. Overall, 763 pregnant
women participated In the study (clinicl n=511,
clinic2 n=252). Women with a planned vaginal deliv-
ery, but who ultimately had a C-section were still
included. In the analysis, 658 newborns with at least
one swab at any time point were Included (clinict
n=421, clinic2 n=237).

The ethics committee of Ludwig-Maximilians-
University Munich approved the study.

Sample collection

Dry smears {eSwabs™, Copan, Italy) were used for
sample collection. Samples from five different loca-
tions at two different time points were collected; (1)
from the nose and umbilicus shortly after birth; and
(2) 3 days after birth from the nose, the umbilicus,
and the perlanal area,

Culture media and identification of MRSA/MSSA
and ESBL

All collected samples were cultured on Columbla agar
with sheep blood (Oxold, Germany), CHROMagar™ ESBL
(Mast, Germany) and chromiD® MRSA (bioMériews,
France). Sensitivity of MRSA testing was Increased by
inoculating Contrast™ MRSA Broth (Oxoid, Germany)
with @ 30ul sample aliquot. Growth was Interpreted
after incubation at 36+2°C for approximately 24h. In
the event of a positive result for MSSA, MRSA, or ESBL,
pure colonies were plated again on the comesponding
culture medium and incubated under the same condi-
tions as previously stated. Potential positive colonles of
S. aureus were verified with an agglutination test.

Antibiotic susceptibility and identification of isolates
The pure isolates of MSSA, MRSA, and ESBL were
tested for antibiotic susceptibility using the BD
Phoenix™ system (BectonDickinson, Heidelberg). The
isolates were tested against different antiblotics (see
Figure 1). Interpretation of the results followed the
EUCAST guidelines [13]. To determine the genetic rela-
tionships of S. aureus isolates, spa-typing of strains
was done by amplifying and sequencing the poly-
morphic x region of the S. aureus protein A (spa gene)
[14). Spa-types were deduced from the Ridom
SpaServer [15]. Relationships of strains and mother-to-
child transmission were confirmed by pulsed-field gel
electrophoresis (PFGE) using the CHEF Bacterial
Genomic DNA Plug Kit and a CHEF-DR Ill PFGE-system
{Bio-Rad, Hercules, CA).

Data analysis

Chi-square test and Fisher's exact test were used to
compare categorical variables between colonized and
non-colonized newboms. Wilcoxon-Mann-Whitney
test was used for continuous variables. A p-value less
than 05 was considered to be significant. All data ana-
lysis was done using SAS 9.4 (SAS Institute, NC).

Results
Study population

Overall, 658 newborns were included with at least one
swab at any time point for analysis (clinicl n=421,
clinic2 n=237). Of these, 454 newboms had swab
data for both time points (clinicl n=274, clinic2
n=180), 127 newborns had swab data only for the
first time point (dinicl n=92, dinic2 n=35), and 77
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newborns had swab data only for the second time
point (clinic1 n=>55, dinic2 n=22). Six out of the 658
Included newborns could not be linked to a mother.
Of those six, four were not colonized at all, one carried
MSSA only, and one camried ESBL only.

Supplementary Table S1 characterizes the study
population In detail. There was no association
between infections at any point in time and new-
borns’ colonization status. No association between col-
onization status and the number of siblings of the
newborns or trips taken abroad by the mother during
peegnancy could be detected (not shown in

Suppiementary Table S1).

Prevalence of MSSA, MRSA, and ESBL colonization

Out of 658 newboms, 87 (13.2%) were colonized with
MSSA, MRSA, and/or ESBL. Sixty-eight newbomns
{10.3%, clinict n=40, clinic2 n=28) were colonized
with MSSA only and two newborns {03%, one in each
clinic) with MRSA only. ESBL only was detected in 12
newborns (1.8%, clinicl n=4, clinic2 n=8). Four new-
borns (0.6%, two in each clinic) were colonized with
both MSSA and ESBL and one (0.2%, dlinic1) with both
MRSA and ESBL.

Overall prevalence of colonizatlon, including cases
with multiple colonization, was found to be 109, 05,
and 2.6%, respectively, for MSSA, MRSA, and ESBL.

Mother-newborn pairs and transmission rates

Table 1 shows the colonization status of the 652
mother-newborn  pairs. Supplementary Figure $1
detalls the transmission from a mother to her new-
born. Twenty-eight of the mother-newborn pairs were
colonized with MSSA/MRSA; two of which were
detected with MRSA. In 18 out of these 28
pairs (64.3%, one of which with MRSA), the mother
and her newborn exhibited corresponding spa types.
According to PFGE analyses, clonal identity was con-
firmed for 15 (83.3%) out of these 18 pairs. For one

Tabie 1. Colonization status of mother—newbom pairs.

652 moth thom pales  Newboen l d
MSSA

Mother colontred 26 (4.0%) 69 (20.6%)
Mother noncolontred 45 (5.9%) 512 (785%)
Mother colonized 2 0.3%) 1 (02%)
Maother noncolonized 10.2%) 648 (99.4%)
53-8

Mother colontred 8{(1.%) 11 (L7%)
Mother noocolontred 8 (1.2%) 625 (35.5%)

THE JOURNAL OF MATERNALSFETAL & NEONATAL MEDICINE I‘_;:I 3

mother-newborn palr PFGE did not confirm the rela-
tionship between the mother-newborn isolates. In a
second case, the relationship could not be confirmed
with certainty; In a third case PFGE could not be per-
formed. Overall, 53.6% of the mother-newborn pairs
colonized with MSSA/MRSA were due to transmission
from the mother to her newbom. The remaining
newborns of the colonized pairs became colonized
during thelr hospital stay. Of the 15 newboms with
the confirmed transmission, two were born by emer-
gency C-section and four were delivered with an
episiotomy. ESBL was detected In eight mother—new-
born pairs with a3 100% transmission rate verified
by PFGE.

To find out whether a colonized mother was a risk
factor for the colonization of her newborn, relative
risks were calculated. For MSSA, there were 14 (2.1%)
newborns with confirmed transmission, 95 (14.6%)
newborns (colonized and noncolonized) with a colon-
ized mother, 45 (6.9%) colonized newboms from non-
colonized mothers, and 557 (854%) newborns
{colonized and noncolonized) from noncolonized
mothers. A relative risk of 1.8 (95% confidence interval
(Ch 1.05, 3.16) could be calculated. For MRSA, there
was one newborn (0.2%) with confirmed transmission,
three newborns (0.5%) (colonized and noncolonized)
with colonized mothers, one colonized newbom
(0.2%) from a noncolonized mother, and 649 new-
borns (99.5%) (colonized and non-colonized) from
noncolonized mothers. These results in a relative risk
of 2163 (95% Cl 69.59, 672.53). For ESBL, there were
elght newboms (1.2%) with the confirmed transmis-
sion, 19 newboms (2.9%) {(colonized and noncolon-
ized) from colonized mothers, eight (1.2%) colonized
newbomns from noncolonized mothers and 633 new-
borns (97.1%) (colonized and noncolonized) from non-
colonized mothers. This results in a relative risk of 333
(95% CI 1538, 72.19).

Spa types and antibiotic susceptibility

In total, 104 isolates were collected from 75 newborns
carrying MSSA or MRSA; 39 isolates from 16 newborns
carrying ESBL were collected. For MSSA/MRSA, 47 dif-
ferent spa types were detected, Including one non-
typeable strain. There was one newbom with two
different spa types in one location (t230 and 1358),
and one newborn with two different spa types in two
different locations (1091, t359).

The most frequent spa types found In MSSA posi-
tive newborns were 1091 (16.7%), 1084 (8.3%), t005
(5.6%), 1012, and t021 (both 42%). MRSA positive
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Flgure 1. (3) Antibiotic resistance profile for methicillin-susceptible Staphylococcus aureus (MSSA) and  methicillin-resistant

Staphylococcus oureus (MRSA) isolates. (b) Antiblotic resistance profile for extended-spectrum beta-lactamase-peoduding Escherichia
coli (ESBL) solates.

cases camed spa types 1003, t011, and 1685  of the 14 MSSA cases t005 was transferred. The same
Figure 1(a) shows the resistance profile of MSSA/MRSA  applies to spa type t091. The remaining transferred
isolates to the tested antibiotics. spa types were 1021, t050, t084, 1148, t159, t179,

With regard to the spo types transferred from 12614, and t11956. In the case of MRSA transmission,
mother to newborn, it could be detected that in three  spa type 1011 was transferred.
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Figure 1(b) detalls the antibiotic resistance profile
of ESBL isolates.

Discussion
Prevalence rates of MSSA, MRSA, and ES8BL

The overall prevalence of MSSA colonization in this
study was higher and the prevalence of MRSA colon-
lzation was lower compared to the literature. For
MRSA, the literature refers to newboms admitted to a
NICU or PICU and not to healthy newboms. The preva-
lence of ESBL colonization was found to be lower in
the study population than in the German population.
Unfortunately, there are no data regarding ES8L colon-
Ization in healthy newboms in Germany.

Transmission rates

The transmission of MSSA/MRSA was found in 53.6% of
mother-newborn pairs and lies in between the findings
of other studies. Lesham et al. as well as Andrews et al.
found genetically identical strains for S. oureus In 80%
of mother-newborn  pairs  [10,16]; another study
reported a transmission rate of 68% [17]. A transmisslon
rate of 1008 was detected for ESBL, which & consider-
ably higher compared to other findings with transmis-
sion rates of ESBL-producing Enterobacteriacese of
35.7% [18] and 34.3% [19]. The high transmission rate in
our study could be due to the low number of events
we found.

it has been shown that a newborn from a MSSA-,
MRSA-, or ESBL-colonized mother has a significantly
higher risk of being colonized than a newbom from a
noncolonized mother. This was also suggested by
other studies [16,201. Nevertheless, not every case of
colonization with MSSA/MRSA could be explained by
mother-to-newborn transmission. Hospital staff, con-
tact with colonized surfaces, and visitors are further
possible sources of colonization.

However, the results must be viewed critically, as
there were only 14 cases of transmission regarding
MSSA, one case regarding MRSA, and eight cases
regarding ESBL. Studies with larger sample sizes need
to be conducted In order to confirm these findings.

Spa types and antibiotic resistance

Depending on the type of infection with MSSA, treat-
ment with different antiblotics is recommended: among
others, clindamydn and daptomycin [21]. However,
some of the MSSA Isolates tested showed a beginning
resistance to recommended antibiotics (clindamycin:

THE JOURNAL OF MATERNALSFETAL & NEONATAL MEDICINE I‘_;:I s

10.9%, daptomycine 1.0%). For MRSA infection, therapy
with glycopeptides is recommended as well as linezolid,
daptomycin, tigecyclin, and ceftoblprole medocanil or
ceftaroline fosamil. Depending on susceptibility, other
antibiotics are also used, eg. cindamycin. Nevertheless,
the solates tested have already shown resistance to
clindamycin {66.7%). Resistance of S aweus to clindamy-
cin Is known to exist, such as the Antiblotic Resistance
Survelllance for Germany (ARS) of the Robert Koch
Institute (RKI) [22] shows. It reports 158% resistance
and 1.0% Intermediary susceptibility of S. aureus isolates
against dindamycin for outpatients, as well as 182%
resistance and 0.4% intermediary susceptibility for inpa-
tlents. A decreasing development of resistance against
clindamycin could be detected from 2009 to 2017.
MRSA resistance to dindamycin in this study ts rather
high compared to the numbers reported by the ARS. in
the ARS database, there are no data for specifically
MRSA nor for daptomycin.

Depending on the type of infection with ESBL-pro-
ducing Enterobacteriaceae, therapy with the following
antibiotics s recommended: beta-lactamase inhibitors
such as avibactam, davulanic acid, and tazobactam in
fixed combination with a penicillin or a cephalosporin
with temocillin, a carbapenem, colistin, fosfomycin,
and tigecyclin [21). ESBL isolates showed a beginning
resistance to the recommended antibiotics ertapenem
(2.6%), fosfomycin (5.1%), and tigecyclin (2.6% resist-
ant, 10.3% Intermediary). On the ARS database, there
are only data avallable for E coll in general but no
data specifically for ESBL-E col. The ARS reports 0.1%
resistance to ertapenem for both outpatients and
inpatients. In the case of fosfomycin, 0.9% resistance
for outpatients and 1.2% for inpatients are reported.
For tigecyclin, 0.1% resistance, and 0.2% Intermediary
susceptibility In outpatients are listed, as well as 0.2%
resistance and 0.4% intermediary susceptibiity In inpa-
tients. This study examined higher numbers of resist-
ance to ertapenem, fosfomycin, and tigecyclin than
the ARS database. One reason could be that ARS only
reports the values for £ coll and not specifically for
ESBL-E. coll. In Germany, E. coli resistance to erta-
penem in outpatients was first reported in 2015. Since
then, the numbers are stable; for inpatients, the num-
bers remain constant since 2008. The numbers for fos-
fomycin resistance for outpatients and Inpatients
initially decreased and then stabilized. For tigecyclin,
numbers remained constant for out- and inpatients.

The mast common spa types for MSSA in the gen-
eral German population In 2011/2012 were t084
(7.7%), 1091 (6.1%), 1012 (5.2%), and t015 (4.1%) [8].
This s similar to the results of our study: t091 {16.0%)
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and t084 (8.0%) were found to be the most common
spa types for MSSA In the study population. Relative
global frequencies for these spa types are 1.7% for
t084 and 0.9% for 1091 [15]. Regarding MRSA, we
found spa types t003, 1011, and t685. Relative global
frequencies were observed to be 88% for 1003, 3.2%
for t011, and 0.04% for 1685 [15) One of the studies
investigating MRSA isolates In Germany found t003
and 1011 to be some of the most frequent spa types
[23]. Spa type t011 Is indicative of the LA-MRSA clonal
lineage ST398 [23] and was the only MRSA spa type
suspected of being transferred from a MRSA-positive
mother to her newborn. Indeed, the mother reported
regular contacts with the farming community, live-
stock breeding/slaughterhouses, and animals during
her pregnancy.

Limitations of the study

The study was performed In two different clinics,
which could lead to discrepancies in the methodology
across the study centers. This Is reflected by the sig-
nificanty higher prevalence of ESBL in clinic2 com-
pared to clinicl. It is assumed that the swabs taken in
clinic2 were conducted In deeper perianal areas than
In clinic1, leading to a higher number of positive
results for ESBL colonization. Additionally, the preva-
lence of MSSA, MRSA, and ESBL colonization was quite
low which can lead to an inaccurate evaluation of
prevalence and transmission rates.

Conclusion

A significant link between newboms’ colonization sta-
tus and the development of Infections could not be
established. Although i could be confirmed that a
mother colonized with MSSA/MRSA/ESBL presents a
risk for her newborn to be colonized as well, not every
case of newborn colonization could be attributed to
the mother. Generzal screening of pregnant women or
healthy newboms for the investigated bacteria in the
absence of other risk factors does not seem to be
necessary. To reduce the possibility of transmission in
the healthcare setting and to prevent infections, preg-
nant women, parents, hospital visitors, and obstetri-
clans should be regularly informed about appropriate
hyglene measures. However, screening for these bac-
teria in population groups at higher risk of developing
an infection, should be considered. This includes
groups such as premature and critically il newboms,
whose immature immune system, length of hospital

stay, and need for Invasive devices Increase the risk
associated with MSSA/MRSA/ESBL colonization.

With regard to the onset of resistance to recom-
mended antiblotics, an antiblogram should be con-
ducted before treating MSSA/MRSA/ESBL infections to
ensure the efficacy of the antibiotics.

The results of this study might be useful for anti-
microbial stewardship activities (AMS).
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