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1. Zusammenfassung 

 

1.1. Abstract auf Deutsch 

Sexuell übertragbare Infektionen (sexually transmitted infections, STI) verursachen eine 

hohe Krankheitslast (1). Durch fehlende Meldepflichten für Chlamydien- und Gonokokken-

Infektion ist die Datenlage zu diesen Infektionen in Deutschland sehr eingeschränkt. 

In Deutschland können Personen bei Vorliegen von Symptomen oder aus 

anamnestischen Gründen mit Kostenübernahme auf STI getestet werden (2). Zusätzlich 

gibt es zwei Screening-Programmen für Frauen. Seit 1995 werden schwangere Frauen 

und Frauen, die einen Schwangerschaftsabbruch durchführen, auf Chlamydien getestet 

(3-6). Für junge Frauen unter 25 Jahren wurde im Jahr 2008 ein Screening auf 

Chlamydien eingeführt (3-7). Die Bestimmung der Neisseria gonorrhoeae-

Antibiotikaresistenzen (NG-AMR) spielt für eine erfolgreiche Therapieentscheidung eine 

wesentliche Rolle (8). 

Informationen zu Chlamydien-Testungen und NG-AMR-Bestimmungen werden im 

Rahmen von zwei durch das Robert Koch-Institut koordinierten Labornetzwerken 

gesammelt. Das Chlamydien-Laborsentinel ist ein freiwilliges Laborbasiertes Sentinel 

System, in dessen Rahmen Daten zu den in teilnehmenden Laboren durchgeführten 

Chlamydien-Testungen an das RKI übermittelt werden (4-6). Die Daten können auf dem 

Detaillierungsgrad einzelner Tests sowie einzelner Personen ausgewertet werden (4, 6, 

9). Im Rahmen des Gonokokken-Resistenz Netzwerks (GORENET) werden dem RKI seit 

2014 Daten zu auf NG-AMR getestete Proben übermittelt (10, 11). Zusätzlich senden die 

teilnehmenden Labore einen Teil der Isolate für eine zentralisierte NG-AMR-Testung an 

das Konsiliarlabor für Gonokokken (10, 11). 

Das RKI hat durch das Chlamydien-Laborsentinel zwischen den Jahren 2008 und 2014 

Daten zu 3.877.588 Chlamydien-Tests erhoben (5, 6). Der Großteil der übermittelten 

Chlamydien-Tests (93%) stammte von Frauen (5, 6). Insgesamt 3,9 % der 

Untersuchungen bei Frauen und 11,0 % der Untersuchungen bei Männern waren positiv 

auf Chlamydia trahomatis (5, 6). Bei jungen Personen war der Anteil positiv getesteter 

Proben am höchsten: 6,8 % bei 15-19 und 5,9 % bei 20-24 Jahre alten Frauen sowie 

15,4 % bei 15-19, 19,2 % bei 20-24 und 14,8 % bei 25-29 Jahre alten Männern (5, 6). Für 

2.574.635 Chlamydien-Tests war die Auswertung auf Personen-Ebene möglich (9). 

Insgesamt 23,1 % der Frauen und 11,9 % der Männer wurden mehrfach getestet (9). 

Unter den Mehrfachtestern wurde eine Reinfektion bei 2,0 % der Frauen und 6,6 % der 
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Männer beobachtet (9). Unabhängig vom Testgrund und in allen Altersgruppen war es 

wahrscheinlicher positiv getestet zu werden (ORs 1,9-22,3), wenn in der Vergangenheit 

bereits ein positiver Vortest vorlag (9). Die Resultate aus dem Chlamydien-Laborsentinel 

betätigen, dass Präventionsmaßnahmen sowohl auf junge Frauen als auch auf junge 

Männer ausgerichtet werden sollen (5, 6). Neben dem bereits eingeführtem Chlamydien-

Screening für junge Frauen, könnte ein Risiko-adaptiertes Screening auch für junge 

Männer erwogen werden (5, 6). 

Durch GORENET konnten in den Jahren 2014-2015 Informationen zu 1.654 auf NG-AMR 

getesteten Proben erhoben werden und 537 Isolate wurden im Konsiliarlabor für 

Gonokokken auf NG-AMR getestet (10, 11). Resistenzen gegenüber Ceftriaxon wurden 

nicht beobachtet (10, 11). Gegen Cefixim wiesen 1,9 % (2014) und 1,4 % (2015) der 

Isolate Resistenzen auf, gegen Azithromycin entsprechend 11,9 % (2014) und 9,8 % 

(2015) (10, 11). Somit konnten wir feststellen, dass die Therapieempfehlung 

entsprechend der Leitlinie (8, 12) weiter umgesetzt werden kann (10, 11). Da die NG-

AMR-Situation schnell wieder verändern kann, muss sie kontinuierlich beobachtet werden 

und die Therapieleitlinien entsprechend zeitgerecht angepasst werden (10, 11). Um die 

Überwachung sowohl von Chlamydien-Infektionen als auch der NG-AMR-Situation in 

Deutschland zu ermöglichen, sollten die aufgebauten Systeme weiter geführt werden (6, 

10, 11). 

 

1.2. Abstract auf English 

Sexually transmitted infections (STIs) cause significant disease burden (1). As chlamydia 

and gonococcal infections are not reportable, data on these infections in Germany is very 

limited. 

In Germany persons are tested for STI in the presence of symptoms or due to anamnestic 

reasons. In addition, there are two screening programs for women. Pregnant women are 

tested for chlamydia since 1995 (3-6). For women below 25 years of age the screening was 

introduced in year 2008 (3-7). The determination of Neisseria gonorrhoeae antibiotic 

resistance (NG-AMR) plays an essential role in an appropriate therapy decision (8). 

Information on chlamydia testing and NG-AMR determination is collected through two 

laboratory-based projects at the RKI. The Chlamydia Laboratory Sentinel is a voluntary 

laboratory-based sentinel collecting data on performed chlamydia tests in the participating 

laboratories (4-6). The data can be analysed on level of tests and on level of tested 

persons (4, 6, 9). The Gonococcal Resistance Network (GORENET) is collecting since 
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2014 information on samples tested for NG-AMR and collects isolates for centralised NG-

AMR testing towards ceftriaxone, cefixime, azithromycin, penicillin and ciprofloxacin in 

Conciliar Laboratory (10, 11). 

For the period 2008-2014 RKI has collected data on 3,877,588 chlamydia tests were 

collected in frame of the Chlamydia Laboratory Sentinel (5, 6). Majority of the chlamydia 

tests (93 %) were performed in women (5, 6).For women, the proportion positive was 

3.9 %, for men 11.0 % (5, 6). The proportion positive was highest among younger 

persons: 6.8 % among 15-19 and 5.9 % among 20-24 years old women, and 15.4 % 

among 15-19, 19.2 % among 20-24 and 14.8 % among 25-29 year old men (5, 6). A total 

of 2,574,635 chlamydia tests could be included in the analysis at the level of tested 

persons (9). Altogether 23.1 % of women and 11.9 % of men were tested multiple times 

(9). Among the multiple testers, reinfection was observed for women in 2.0 % and for men 

in 6.6 % (9). Regardless of reason for getting tested and across all age groups, it was 

more likely to test positive (ORs 1.9-22.3) if the person has been tested positive 

previously (9). The results from the Chlamydia Laboratory Sentinel showed that 

preventive measures are necessary, especially for young women and men (5, 6). A risk-

adapted screening for chlamydia infection for women and men should be considered (5, 

6). 

For the period 2014-2015 GORENET collected information on 1,654 samples tested for 

NG-AMR and 537 isolates were centrally tested in the Consiliary Laboratory for NG-AMR 

(10). None was resistant towards ceftriaxone (10, 11). In 2014 and 2015, 1.9 % and 1.4 % 

of the isolates, respectively, were resistant to cefixime and 11.9 % and 9.8 %, 

respectively, to azithromycin (10, 11). These results mean that antibiotics recommended 

for gonorrhea therapy (8, 12) can continue to be used (10, 11). Since the NG-AMR 

situation can rapidly change, it must be monitored continuously and the therapy guidelines 

adjusted in a timely manner (10, 11). In order to ensure continuous monitoring of 

chlamydia infection and NG-AMR development in Germany, it seems appropriate to 

continue the data and isolate collection established by the two systems (6, 10, 11).  
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1.3. Einführung 

1.3.1. Sexuell übertragbare Infektionen 

Chlamydien-, Gonokokken-, Trichomonaden-Infektionen und Syphilis sind mit jährlich 

rund 356 Millionen neuen Infektionen für eine hohe Krankheitslast verantwortlich (13). 

Davon entfallen 127 Millionen Infektionen auf Chlamydien-, 87 Millionen auf Gonokokken-, 

156 auf Trichomonaden-Infektion und 6.4 Millionen auf Syphilis (13). Für die genannten 

STI stehen wirksame Prävention-Möglichkeiten und Therapieoptionen zur Verfügung (14). 

Unbehandelte STI können zu Folgeerscheinungen führen (15-19). Rektale Chlamydien- 

und Gonokokken-Infektionen können die Übertragung von HIV-Infektionen erhöhen (20). 

Dadurch, dass die STI Infektionen, insbesondere die Chlamydien-Infektion, 

asymptomatisch verlaufen können, ist die Anzahl der durch das Meldesystem erfassten 

Infektionen stark von Screening-Maßnahmen und der Testhäufigkeit abhängig (21, 22). 

Daten des ECDC (European Centre for Disease Prevention and Control) zeigen, dass die 

jährliche Meldeinzidenz der Chlamydien- und Gonokokken-Infektionen je nach 

europäischem Land zwischen 0 und 662 Infektionen pro 100.000 Einwohner*nnen für 

Chlamydien-Infektionen variiert, sowie zwischen 0,1 und 75 für Gonokokken-Infektionen 

und 0,6 und 15 für Syphilis (21). Da sich die Surveillancesysteme und Teststrategien in 

verschiedenen Ländern stark unterscheiden, sind die Daten aus unterschiedlichen 

Ländern nur sehr eingeschränkt vergleichbar (21, 23). Eine zuverlässige Aussage zur 

tatsächlichen epidemiologischen Situation in Europa kann anhand der Daten des ECDC 

nicht getroffen werden. 

In Deutschland, existiert mit Ausnahme von Sachsen keine Meldepflicht für Chlamydien- 

und Gonokokken-Infektionen. Daher ist die Datenlage zu diesen Infektionen sehr 

eingeschränkt. Die Daten aus Sachsen zeigen einen ständigen Anstieg bei Chlamydien- 

und Gonokokken-Infektionen in den letzten Jahren: von 41 Chlamydien-Infektionen und 8 

Gonokokken-Infektion pro 100.000 Einwohner*nnen im Jahr 2004 auf entsprechend 97 

und 21 Infektionen im Jahr 2017 (24, 25). Diese Zunahme könnte sowohl durch 

vermehrtes Testen, als auch durch eine reale Zunahme der Inzidenz erklärbar sein. 

Infektionen mit Syphilis (Nachweis von Treponema pallidum) sind in Deutschland gemäß 

§ 7 Abs. 3 Infektionsschutzgesetz (IfSG) meldepflichtig (26). Die Syphilis-Daten werden 

regelmäßig am RKI gesammelt und ausgewertet (27-29). 

Zwischen den Jahren 2003 und 2009 hat das Robert Koch-Institut (RKI) eine bundesweite 

STI-Sentinel-Studie durchgeführt (30). In den teilnehmenden Einrichtungen wurde im 

Zeitverlauf ein leicht ansteigender Positivanteil zwischen 3,3 % im Jahr 2003 und 4,5 % 
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im Jahr 2008 beobachtet (30). Da nur ein kleiner Anteil entsprechender Einrichtungen in 

Deutschland an dieser Sentinel-Erhebung teilgenommen hat, sind die Daten nicht 

repräsentativ für Gesamt Deutschland (30). Die KiGGS Studie, die unter Kindern und 

Jugendlichen in Deutschland durchgeführt wurde, untersuchte unter anderem auch die 

Chlamydien-Prävalenz bei sexuell aktiven Jugendlichen (31, 32). In den Jahren 2003 bis 

2006 wurde bei 17 Jahre alten Mädchen eine Prävalenz von 4,6 % (95 % KI 1.4-7.7 %) 

beobachtet (31). In den Jahren 2014 bis 2017 zeigte sich eine Prävalenz an Chlamydien-

Infektion von 9,6 % (95 % KI 0,0-23) bei 15-17 Jahre alten Mädchen und zwischen 0,1 % 

und 3,4 % bei 15-17 Jahre alten Jungen (32). Die DEGS Studie, die unter Erwachsener in 

Deutschland in den Jahren 2008-2011 durchgeführt wurde, zeigte eine Prävalenz von 

2,3 % (95 % KI 1,0-5,3 %) bei 18-24 und 1,2 % (95 % KI 0,4-3,5 %) bei 25-29 Jahre alten 

Frauen sowie 1,9 % (95 % KI 0,8-4,2 %) bei 18-24 und 3,5 % (95 % KI 1,6-7,7 %) bei 25-

29 Jahre alten Männern (32). 

Vor diesem Hintergrund und parallel zu anderen westeuropäischen Ländern mit 

Meldepflicht ist davon auszugehen, dass Infektionen mit Chlamydien und Gonokokken in 

Deutschland eine hohe und steigende Krankheitslast verursachen. Diese Lage wird 

verstärkt durch die Problematik der bereits bestehenden und sich stetig ausweitenden 

Antibiotika-Resistenz bei Gonokokken-Infektionen.  

Um die Datenlage zu Chlamydien- und Gonokokken-Infektionen zu verbessern, wurden 

im Rahmen der vorliegenden Doktorarbeit Daten zu Chlamydien- und Gonokokken-

Infektionen in Deutschland aus den teilnehmenden Laboren erhoben und ausgewertet. 

1.3.2. Chlamydien-Infektion 

Chlamydien-Infektionen der Serotypen D-K können einen asymptomatischen Verlauf 

haben und somit unentdeckt bleiben, wenn nur symptomatische Personen getestet 

werden (15, 22). Eine unerkannte und unbehandelte Infektion kann zu schweren 

Folgeerkrankungen führen (15-17). Die Prävalenz der Chlamydien-Infektionen sind am 

höchsten unter jungen Erwachsenen unter 30 Jahren (16, 33). Die häufigsten 

schwerwiegende Folgen bei Frauen sind Unterleibsentzündungen, die zu Verklebungen 

der Eileiter, chronischen Schmerzen, extrauterinen Schwangerschaften und letztlich zu 

Infertilität führen können (16, 17). In der Literatur wird das Ausmaß dieser 

Folgeerkrankungen sehr unterschiedlich eingeschätzt (33-36). So wird zum Beispiel aus 

prospektiven Studien berichtet, dass 0 bis 30 % mit Chlamydien infizierte Frauen 

Unterleibsentzündungen entwickeln. Diese Folgen treten bis zu 6-mal häufiger auf als bei 

Frauen, die keine Chlamydien-Infektion hatten (33-36). Auch bei Männern treten 
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Folgeerscheinungen auf, wie zum Beispiel Epididymitis, was auch zu einer 

Unfruchtbarkeit führen kann (16).  

Die Chlamydia trachomatis Serotypen L1-L3 verursachen eine zum Teil invasive Infektion 

(18). Lymphogranuloma venreum (LGV) Häufungen sind bei HIV positiven MSM in 

mehreren Europäischen Ländern inklusive Deutschland beschrieben (37-43). In der 

PARIS Studie wurden in circa 10 bis 15 % aller rektalen Chlamdien Infektionen von L-

Serotypen gefunden (44). 

Um mögliche schwerwiegende Folgen von Chlamydien-Infektionen zu vermeiden und die 

weitere Übertragung der Infektion zu stoppen, muss es möglichst frühzeitig diagnostiziert 

und behandelt werden. Für Behandlung sind gut wirksame Antibiotika verfügbar (14). 

Auch Sexualpartner*innen sollten untersucht und ggf. behandelt werden um eine 

wiederholte Infektion zu vermeiden (14). Wegen des häufig asymptomatischen Verlaufs 

soll die Testung nicht nur basierend auf Symptomen, sondern verstärkter auch anhand 

anamnestischer Angaben angeboten werden. Für besonders betroffenen 

Bevölkerungsgruppen, wie z.B. junge Erwachsene, kann ein opportunistisches Screening 

helfen, unentdeckte Infektionen zu finden und somit die Krankheitslast zu reduzieren (45). 

In Deutschland werden Personen auf Chlamydien getestet, wenn entsprechende 

Symptome vorliegen oder bei einer Sexualpartner*in eine Chlamydien-Infektion 

diagnostiziert wurde (2). Seit 1995 werden schwangere Frauen und Frauen, die einen 

Schwangerschaftsabbruch durchführen, auf Chlamydien getestet (3-6). Für junge Frauen 

unter 25 Jahren wurde im Jahr 2008 ein Screening auf Chlamydien eingeführt (3-7).  

1.3.3. Gonokokken-Infektion 

Gonokokken-Infektionen kommen ähnlich wie Chlamydien-Infektionen insbesondere bei 

jungen Erwachsenen vor (46, 47). MSM weisen eine höhere Prävalenz auf (48, 49). So 

wurde bei MSM in der PARIS-Studie (Pharyngeal And Rectal Infection Screening), die 

zwischen den Jahren 2009 und 2010 durchgeführt wurde, ein Positivanteil von 4,6 % in 

rektalen Abstrichen gefunden (50). Eine typische klinische Manifestation bei Frauen ist die 

Zervizitis, welche zu Entzündung des kleinen Beckens, Eileiterverschluss und 

extrauteriner Schwangerschaften führen kann (51, 52). Bei Männern kommt es häufig zu 

einer eitrigen Urethritis (18, 19). Besonders problematisch ist allerdings der häufig 

auftretende asymptomatische Verlauf der Infektion. Rektale und pharyngeale Infektionen 

verlaufen deutlich häufiger asymptomatisch als die genitalen Infektionen (50). Bei Frauen 

verläuft eine urethrale Gonokokken-Infektion in etwa 30-80 % asymptomatisch, bei 

Männern in etwa 5 % (19, 53).  
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Neisseria gonorrhoeae hat die Fähigkeit, in kurzer Zeit Resistenzen gegen alle gängigen 

Antibiotika zu entwickeln (54). In Europa und auch weltweit wurden zwischen den Jahren 

2010 und 2014 immer mehr Antibiotikaresistenzen (AMR) bei Gonokokken beobachtet, 

auch gegenüber Cephalosporine der dritter Generation (55-59). Diese 

besorgniserregende Entwicklung trug dazu bei, dass sowohl die WHO als auch das 

ECDC die Überwachung und Kontrolle von Infektionen mit antibiotikaresistenten 

Gonokokken hoch priorisiert haben (1). In den Jahren 2009 bis 2013 berichtete das 

europäische Netzwerk Euro-GASP wiederholt über Ceftriaxon und Cefixim resistente 

Isolate (46). AMR bei Gonokokken wird durch Messung der minimalen 

Hemmkonzentration (MHK) wie z.B. mit E-Test bestimmt (60). Häufig wird für den 

Nachweis einer Gonokokken-Infektion auf eine Anzucht verzichtet, stattdessen werden 

zumeist sensitivere molekularbiologische Testverfahren verwendet, die aber keine 

Resistenztestung ermöglichen (10, 11, 61). 

Bis 2018 wurde bei einer Gonokokken-Infektion eine gleichzeitige Behandlung mit 

Ceftriaxon (ggf. Cefixim) und Azithromycin als Therapie der erster Wahl empfohlen (12). 

Die in dem Jahr 2018 veröffentlichte Leitlinie sieht bei adhärenten Patient*innen eine 

Monotherapie mit Ceftriaxon (ggf. Cefixim) vor. Nicht-adhärente Patient*innen erhalten als 

First-Line weiterhin die duale Therapie (8). 

1.3.4. Chlamydien-Laborsentinel  

Im Jahr 2010 etablierte das RKI ein freiwilliges laborbasiertes Sentinel, welches das 

Screening Programm für Frauen unter 25 Jahren (7) evaluieren sollte (4). In Rahmen 

dieses Labor-Sentinels wurden Daten zu den in teilnehmenden Laboren sei dem Jahr 

2008 durchgeführten Chlamydien-Tests nach Geschlecht, Alter, und Testgrund erhoben 

und ausgewertet (4-6). 

1.3.5. Gonokokken Resistenz Netzwerk (GORENET) 

Im Jahr 2013 etablierte das RKI und das Konsiliarlabor für Gonokokken das Gonokokken 

Residenz Netzwerk (GORENET) (10, 11, 61). Ziel war es, die NG-AMR Situation in 

Deutschland mit Hilfe einer einheitlichen Methodik abzubilden (10, 11, 61). Die am 

GORENET teilnehmenden Labore übermitteln dem RKI Daten zu in den Laboren 

durchgeführten NG-AMR Testungen. Zusätzlich werden ausgewählte Isolate an das 

Konsiliarlabor für eine zentralisierte AMR Testung mit einheitlicher Methodik gesendet 

(10, 11). 
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1.3.6. Doktorarbeit 

Im Rahmen der Doktorarbeit wurden Daten aus dem Chlamydien-Laborsentinel und aus 

GORENET gesammelt und ausgewertet. Die Ergebnisse wurden in Publikationen 

dargestellt: 

 die Publikation 1 mit dem Titel „Establishment of a voluntary electronic Chlamydia 

trachomatis laboratory surveillance system in Germany, 2008 to 2014“ (6) widmet 

sich der Bewertung des Chlamydien-Laborsentinels als Daten-Erhebungsinstrument zu 

Chlamydien in Deutschland sowie der Analyse der erhobenen Daten anhand der in der 

Studie verfügbaren Merkmalen; 

 in der Publikation 2 mit dem Titel „Not again! Effect of previous test results, age group 

and reason for testing on (re-)infection with Chlamydia trachomatis in Germany” 

(9) sind Daten aus dem Chlamydien-Laborsentinel auf Personenebene dargestellt. Hier 

werden die Anzahl der durchgeführten Tests pro Person beschrieben und 

Zusammenhänge zwischen früheren und darauffolgenden Testergebnissen untersucht; 

 in der Publikation 3 mit dem Titel „Antimicrobial resistance of Neisseria gonorrhoeae 

in Germany: low levels of cephalosporin resistance, but high azithromycin 

resistance“ (10) werden Ergebnisse aus Resistenz-Testungen der teilnehmenden 

Labore sowie AMR-Test-Ergebnisse aus dem Konsiliarlabor für Gonokokken analysiert. 

Auf dieser Grundlage wurden im Rahmen der Doktorarbeit folgende Fragestellungen 

untersucht: 

 Wieviele Untersuchungen auf Chlamydien werden insgesamt und pro Labor übermittelt 

und wie vollständig sind die durch das Chlamydien-Laborsentinel erhobenen Daten? 

 Wie ist die geographische Abdeckung des Chlamydien-Laborsentinels? 

 Wie repräsentativ sind die Daten zu Chlamydien-Tests im Chlamydien-Laborsentinel im 

Vergleich zu allen Chlamydien-Tests in Deutschland? 

 Wie hoch ist die Anzahl der durchgeführten Chlamydien-Tests und der Anteil der positiven 

Ergebnisse nach Geschlecht, Alter und Untersuchungsgrund? 

 Wie hoch ist die Anzahl der Chlamydien-Tests pro Person, und in welchen Abständen 

werden Untersuchungen bei Mehrfachtestungen durchgeführt? 

 Wie häufig findet eine Reinfektion mit Chlamydien statt? 

 Welche Faktoren sind damit assoziiert, positiv auf Clamydien getestet zu werden? 

 Wie ist die geographische Abdeckung der GORENET? 

 Wie hoch ist die Anzahl der durchgeführten Gonokokken-Antibiotika-Resistenz-Testungen 

im Rahmen der Studie und welche epidemiologische Merkmale machen diese aus? 
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 Welche Resistenzen weisen die im Konsiliarlabor für Gonokokken nachgetesteten Isolate 

auf, und gibt es Veränderungen im Zeitverlauf? 

 

1.4. Material und Methodik 

1.4.1. Chlamydien-Laborsentinel  

Chlamydien-Laborsentinel erhebt anonymisierte Daten zu in den Laboren durchgeführten 

Chlamydien-Tests (4-6). Das Labor Sentinel wurde im Jahr 2010 aufgebaut und hat Daten 

retrospektiv ab 2008 erhoben (4-6). Labore, die zu einem späteren Zeitpunkt dazukamen 

haben soweit möglich Daten ab 2008 übermittelt (4, 6). Es wurden Informationen zu 

Testergebnissen, zu Testgründen und weitere patientenbezogenen Informationen (z.B. 

Geschlecht, Geburtsjahr, 3-stellige Postleitzahl des Wohnortes, Krankenversicherung, 

Probenmaterial) erhoben. Die Daten wurden von den Laboren in verschlüsselter Form 

übermittelt (6). 

Die teilnehmenden Labore wurden anhand der Anzahl der übermittelten Chlamydien-

Tests pro Jahr beschrieben (4, 6). Die Vollständigkeit der Informationen in den erhobenen 

Variablen wurde insgesamt und pro Labor ausgewertet. Anhand von KBV 

(Kassenärztliche Bundesvereinigung) Daten wurde die Repräsentativität der erhobenen 

Daten berechnet (4, 6). Anhand der übermittelten Postleitzahlen wurde die geographische 

Abdeckung pro 100.000 Einwohner*innen in Deutschland für den Zeitraum 2008-2014 

dargestellt (4, 6). Die bei Frauen und Männern durchgeführten Chlamydien-Tests wurden 

nach Alter, Geschlecht, Testgrund, Bundesland und untersuchtem Material ausgewertet 

(4, 6). Diese Auswertungen wurden auf Grundlage der Anzahl durchgeführter 

Untersuchungen vorgenommen und somit ist es möglich, dass von einer Person mehrere 

Untersuchungen in den Auswertungen eingeschlossen wurden (4, 6). 

Für die Auswertung zu Mehrfachtestungen wurden Daten herangezogen, die es erlaubten, 

die Patient*innen Daten anhand der Patienten-ID für drei und mehr Jahre zu 

berücksichtigen (9). Basierend auf Literatur zu falsch positiven Testergebnissen aufgrund 

residualer DNA wurden nur Tests, die in einem Abstand von mindestens 30 Tagen 

durchgeführt wurden, als separate Testungen definiert (9). 

Für die Beschreibung der Mehrfachuntersuchungen wurde die Anzahl der Tests pro Person 

nach Geschlecht, Altersgruppe, Testgrund und Testergebnis ausgewertet (9). Hierfür 

wurden die von den Laboren übermittelten pseudonymisierten Personenkennzahlen 

genutzt (9). Bei den Wiederholungstestern wurde die mittlere Zeit zwischen den 
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Untersuchungen anhand des ersten und des nachfolgenden Untersuchungsergebnisses 

berechnet (9). "Erstes Untersuchungsergebnis" ist definiert als die erste Chlamydien-

Testung, die im Laborsentinel erfasst wurde (9). Dies ist jedoch möglicherweise nicht die 

erste Chlamydien-Testung des Individuums (9).  

1.4.2. GORENET 

Das GORENET-Labornetzwerk wurde im Jahr 2013 gegründet und erhebt seit dem Jahr 

2014 Daten zu NG-AMR-Testungen (10, 11, 61). Für diese Testungen werden 

Informationen zu Geburtsjahr, Geschlecht, dreistellige Postleitzahl, Einsendedatum der 

Probe, Probenmaterial, Angaben zum Einsender, Testmethode, Interpretationsstandard 

und NG-AMR-Testergebnis übermittelt (10, 11). Zusätzlich senden die teilnehmenden 

Labore Isolate an das Konsiliarlabor für Gonokokken für eine wiederholte Testung mit E-

Test (10, 11). Die Daten werden Fall-Basiert und anononymisiert an das RKI übermittelt 

(10, 11).  

Das Konsiliarlabor führt eine wiederholte zentralisierte NG-AMR Testung für die 

relevanten Antibiotika mit E-Test durch (10, 11). Die NG-AMR wurde für Ceftriaxon, 

Cefixim, Azithromycin, Ciprofloxacin und Penicillin bestimmt (10, 11). Beta-Lactamase 

Produktion wurde mit Nitrocefin-Tests überprüft (10, 11). Die Ergebnisse wurden nach 

EUCAST 4.0 (European Committee on Antimicrobial Susceptibility Testing 2014) Kriterien 

(62) interpretiert (10, 11).  

Für an das RKI übermittelte NG-AMR-Testergebnisse wurden folgende Merkmale 

dargestellt: Anzahl der an das RKI übermittelten Proben pro Labor, geographische 

Abdeckung der teilnehmenden Labore und Proben, Alter, Geschlecht, Testmaterial, 

Organisationsform und Spezialisierung des Einsenders (10, 11). Für die im Konsiliarlabor 

wiederholt getesteten Isolate wurden MHK-Verteilung und der Anteil von sensiblen, 

intermediären und resistenten Isolaten berechnet (10, 11). 

1.4.3. Statistische Methoden 

Die genauen statistischen Methoden können aus den jeweiligen Publikationen und 

Berichten entnommen werden (4, 6, 9, 10). 

1.4.4. Ethische Aspekte und Datenschutz 

Im Rahmen des Chlamydien-Laborsentinels wurden vollständig pseudonymisierte und im 

Rahmen von GORENET vollständig anonymisierte Daten erhoben. Es wurde keine 

patientenidentifizierenden Daten erhoben oder übermittelt (4, 6, 9, 10). Die Daten wurden 

ausschließlich vom dem Projektpersonal bearbeitet. Alle Maßnahmen zum Datenschutz 

sind vom Datenschutzbeauftragten des RKI begutachtet und genehmigt worden. 
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1.5. Ergebnisse 

1.5.1. Chlamydien-Laborsentinel  

Für die Jahre 2008 bis 2014 (Datenstand 24. November 2015) wurden von den 24 

teilnehmenden Laboren insgesamt 3.877.588 Chlamydien-Testungen durchgeführt und 

berichtet (5, 6). Fünfzehn dieser Labore haben die Daten für den gesamten 

Untersuchungszeitraum berichtet, andere nahmen erst ab einem späteren Zeitpunkt an 

der Studie teil (6). Untersuchungen aus einem einzelnen deutschlandweit arbeitenden 

Labor machten 42 % aller übermittelten Untersuchungen aus (6). Berechnet auf die 

Gesamtzahl aller übermittelten Tests fehlten in weniger als 1 % der Pflichtvariablen und 

zwischen 10 % und 80 % der optionalen Variablen die jeweiligen Informationen (6). 

Die Auswertung zur Repräsentativität konnte mit KBV-Abrechnungsdaten aus den Jahren 

2011-2012 durchgeführt werden (6). Auf Grundlage von KBV-Abrechnungsdaten konnte 

geschätzt werden, dass das Chlamydien-Laborsentinel insgesamt 34,3 % aller 

Chlamydien-Tests der gesetzlich versicherten Personen in Deutschland repräsentiert (6). 

Das Chlamydien-Laborsentinel erfasste zwischen 4,4 % (Baden-Württemberg) und 

60,9 % (Thüringen) aller durchgeführten Chlamydien-Test (6). 

Bei insgesamt 3.330.628 Chlamydien-Tests wurde eine Postleitzahl übermittelt, die die 

Zuordnung zum Wohnort ermöglicht (6). Es bestehen erhebliche regionale Unterschiede 

in der geographischen Abdeckung. Insbesondere die südwestlichen Bundesländer zeigten 

eine niedrige Abdeckung (Abbildung 1, Seite 2 in Publikation 1 (6)). 

1.5.1.1. Auswertung aller Chlamydien Testungen 

Von den insgesamt 3.877.588 berichteten Chlamydien-Tests wurden 92,8 % (3.599.821) 

bei Frauen durchgeführt (5, 6). Der größte Anteil aller durchgeführten Tests wurde aus 

den Altersgruppen 20-24 Jahre (Frauen) und 20-34 Jahre (Männer) berichtet (4, 6). Siehe 

Abbildung 2, Seite 3 in Publikation 1 (6).  

Insgesamt 41,9 %  aller Tests bei Frauen wurden im Rahmen des „Screenings in der 

Schwangerschaft“ durchgeführt (5, 6). Weitere 26,9 % aller Tests fanden in Rahmen des 

„Screening für Frauen unter 25 Jahren“ und 28,7 % wegen Beschwerden oder aus 

anamnestischen Gründen statt (5, 6). In die Auswertung zum getesteten Material wurden 

Chlamydien-Tests von Männern eingeschlossen (6). Als Testmaterial wurde „Abstrich 

nicht näher bezeichnet“ am häufigsten angegeben (49,0 %), gefolgt von „Urin“ (32,5 %). 
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Weitere 5,3 %, 3,1 % und 1,9 % konnte entsprechend Abstrichen aus Urethra, Rektum 

und Pharynx zugeordnet werden (6).  

Im gesamtem Untersuchungszeitraum konnte ein Positivenanteil von 3,9 % (95 % KI 3,9-

4,0 %) bei Frauen und 11,0 % (95 % KI 10,9-11,2 %) bei Männern beobachtet werden (5, 

6). Die höchsten Positivenanteile wurden bei 15 und 19 Jahre alten Frauen (6,8 %) 

beobachtet (5, 6). Dabei war der Positivenanteil am höchsten (10,0 %) in der Gruppe für 

Frauen, die im Rahmen des Schwangerschaftsscreenings getestet worden sind (5, 6). Bei 

Männern war der Positivenanteil am höchsten in den Altersgruppen 15-20 (15,4 %), 20-24 

(19,2 %) und 25-29 (14,8 %) Jahre (5, 6). Der Positivenanteil bei Männern war am 

höchsten in Rektalabstrichen (12,3 %) und in nicht näher bezeichneten Abstrichen 

(13,4 %) (6). Der Positivenanteil bei Frauen und Männern nach Altersgruppe und 

Testgrund ist in Abbildung 3 in der Publikation 1 dargestellt (6). 

1.5.1.2. Auswertung zu Mehrfachtestungen 

Die 2.574.635 Chlamydien-Tests von 16 Sentinel-Laboren, die in die Auswertung zu 

Mehrfachuntersuchungen eingeschlossen wurden, stammen von 123.033 Männern und 

1.815.494 Frauen (9). Insgesamt 23 % der Frauen sowie 12 % der Männer wurden 

mehrfach untersucht, hiervon die Mehrheit (70 % bzw. 74 %) zweimal (9).  

Bei 2 % der Frauen und 7 % der Männer, die bereits einmal positiv getestet wurden, 

wurde eine Reinfektion mit Chlamydien festgestellt (9). Die mediane Zeit vom ersten zum 

zweiten positiven Test (Reinfektion) betrug 4,2 Monate (IQR 2,1-13,0 Monate) bei Frauen 

und 4,0 Monate (IQR 2,3-16,6 Monate) bei Männern (9). 

Die Wahrscheinlichkeit, positiv getestet zu werden, war höher für Personen, die schon 

einmal positiv getestet waren (p < 0,01) (9). Die Ergebnisse sind in der Tabelle 3 auf Seite 

5 sowie in den Abbildungen 2, 3 und 4 auf Seite 6 in Publikation 2 dargestellt (9).  

1.5.2. GORENET 

Am GORENET nahmen 21 Labore im Jahr 2014 und 23 Labore im Jahr 2015 23 teil (10, 

11). Insgesamt wurden Informationen zu 1656 NG-AMR Testungen übermittelt (10, 11). Die 

Anzahl der Proben, zu denen Informationen an das RKI übermittelt wurden variierte 

zwischen 2 und 305 Proben pro Labor, der Median lag bei 43 Proben (10, 11). Die 

Abbildung 1 auf Seite 4 der Publikation 3 zeigt die regionale Verteilung aller an das RKI 

übermittelten Daten (10). Die Abdeckung im Norden, Osten und Westen von Deutschlands 

war im Vergleich zu Mitteldeutschland, Süden und Südosten als gut zu bewerten (10, 11). 
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Am häufigsten (84 %) wurden die Proben aus dem niedergelassenen Bereich 

eingesendet (10, 11). Die Mehrheit der Proben (90 %) stammten von Männern (10, 11). 

Der Altersmedian bei Männern ((32 (IQR 25-44) Jahre) war höher als bei Frauen (25 (IQR 

22-40) Jahre), p < 0.001 (10, 11). Der Großteil der Proben von Männern wurde aus dem 

Fachbereich Urologie (74 %) und von Frauen aus dem Fachbereich Gynäkologie (80 %) 

eingesendet (7, 8). Das am häufigsten untersucht Material bei Männern war ein 

„urethraler Abstrich“ und bei Frauen ein „endozervikaler Abstrich“ oder „vaginaler 

Abstrich“ (10, 11). 

Im Konsiliarlabor wurden insgesamt 537 Isolate zentralisiert untersucht (10, 11). Keiner 

der getesteten Isolate zeigte Resistenzen gegen Ceftriaxon (10, 11). In 2014 ggf. 2015 

waren 1,9 % bzw. 1,4 % der Isolate resistent gegen Cefixim, 11,9 % bzw. 9,8 % gegen 

Azithromycin, 72,0 % bzw. 58,3 % gegen Ciprofloxacin (p < 0,05) und 29,1 % bzw. 18,8 % 

gegenüber Penicillin (p < 0,05) (10, 11). Weitere 33,7 % und 28,3 % der Isolate zeigten 

2014 bzw. 2015 eine mittlere Empfindlichkeit gegenüber Azithromycin (10, 11). 60,5 % 

(2014) und 66,1 % (2015) der Isolate zeigten eine mittlere Penicillinempfindlichkeit (10, 

11). Auswertungen der sensitiven, intermediären und resistenten Stämme sind in Tabelle 

2 auf Seite 6 in Publikation 3 dargestellt (10). 

 

1.6. Diskussion 

1.6.1. Chlamydien-Laborsentinel 

Mit dem Chlamydien-Laborsentinel wurde ein funktionierendes 

Datenerhebungsinstrument aufgebaut, das circa ein Drittel aller Chlamydien-Tests in 

Deutschland repräsentiert (6). Die erhobenen Daten konnten gut die Chlamydien-

Testungen und deren Ergebnisse deutschlandweit darstellen (6). 

Die Positivenanteile waren bei jungen Frauen und Männern am höchsten, ähnlich, wie in 

den Bevölkerungsbasierten Studien des RKI in Deutschland und in den Internationalen 

Studien (6, 63-69). Die Daten legen nahe, dass Präventionsmaßnahmen insbesondere 

auf junge Frauen und Männer ausgerichtet werden müssen (6, 9). 

Die im Chlamydien-Laborsentinel durchwegs niedrigeren Positivenanteile unter Frauen im 

Vergleich zu Männern ist vermutlich durch die Testung der Frauen im Rahmen der 

verschiedenen Screening-Programme erklärbar (6). Mit Hilfe der Screening-

Untersuchungen konnten auch asymptomatische Infektionen gefunden und somit 

klinische Spätfolgen vermieden werden. Das Screening für junge Frauen ist somit eine 
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notwendige und wichtige Maßnahme individuellen gesundheitlichen Nutzens wie auch aus 

Public Health Sicht (6).  

Da es für Männer keine Screening Programme gibt, werden Männer häufiger nur beim 

Vorliegen der Symptome getestet. Darüber hinaus ist vermutlich eine wesentliche Anzahl 

aller Proben von MSM in dem Datensatz erhalten (6, 70). In der PARIS-Studie wurden 

MSM, die ein Test- und Beratungszentrum aufsuchten, auf Chlamydien und Gonokokken 

untersucht (50). Dabei wurde eine Chlamydien-Prävalenz von 9,4 % gefunden; 57 % der 

urethralen und 88 % der rektalen Infektionen waren in dieser Studie asymptomatisch (50). 

Daher ist ein Risiko basiertes Screening auch für Männern zu erwägen (2, 9).  

Mit der Auswertung zu Mehrfachtestungen und Einflussfaktoren auf Infektionen mit 

Chlamydien konnte gezeigt werden, dass zuvor positiv auf Chlamydien getestete Frauen 

und Männer häufiger wieder positiv getestet wurden (9). Daher sind gezielte 

Präventionsmaßnahmen notwendig, die insbesondere auf junge Frauen und Männer 

gerichtet sind (9). Ein ausreichendes Bewusstsein über Infektion, Reinfektion und 

Prävention ist insbesondere deshalb wichtig, weil in Deutschland keine standardisierte 

Partnerbenachrichtigung stattfindet. Um Komplikationen zu vermeiden bzw. den 

Therapieerfolg zu bestätigen, ist für junge Freuen eine erneute Testung innerhalb von 3 

bis 6 Monaten nach der Therapie empfohlen (9, 71). Darüber hinaus sollte jede unter 25-

jährige Frau einmal pro Jahr auf Chlamydien gescreent werden (3). Die geringe 

Testanzahl pro Person bei Frauen deutet auf eine mangelhafte Abdeckung durch das 

Screening hin (9). 

Das Chlamydien-Laborsentinel trägt zum epidemiologischen Wissen über Chlamydien in 

Deutschland bei. Die durch das Laborsentinel gesammelten Daten haben eine gute 

Abdeckung und ermöglichen detaillierte Auswertungen (6).  

Die Erhebung von positiven wie negativen Testergebnissen macht es möglich, im 

Gegensatz zu Meldedaten statt der Anzahl an Fällen auch die Positivenanteile zu 

berechnen (4, 6). Da STI, insbesondere die Chlamydien-Infektion, oft asymptomatisch 

verlaufen und daher oft kein Test durchgeführt wird, stellen Meldedaten die wahre 

Inzidenz dieser Infektion nicht dar. Ein weiterer Vorteil des Chlamydien-Laborsentinels ist, 

dass darin Wiederholungsuntersuchungen ausgewertet werden und der Anteil von 

Reinfektionen bestimmt werden kann (9).  

So tragen die Ergebnisse des Chlamydien-Laborsentinels dazu bei, Test- und 

Therapieempfehlungen sowie Präventionsmaßnahmen für Frauen und Männer in 

Deutschland möglichst gut zu evaluieren und evidenzbasiert anpassen zu können. Die 
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Daten können darüber hinaus als Instrument zur Begleitevaluation der unterschiedlichen 

Chlamydien-bezogenen Interventionsmaßnahmen in Deutschland dienen.  

1.6.2. GORENET 

In Rahmen von GORENET konnten Informationen zu NG-AMR Proben aus ganz 

Deutschland erhoben werden. Mit Hilfe der im Konsiliarlabor nachgetesteten Isolate 

konnte die NG-AMR-Resistenzsituation in Deutschland beschrieben werden (10, 11). Die 

Überwachung der Resistenzsituation ist wichtig, um zeitnah auch kleine Veränderungen in 

der Resistenzentwicklung zu erkennen. Insbesondere betrifft dies First-Line-Therapie von 

Ceftriaxon, Cefixim und Azithromycin (10, 11).  

Die Mehrheit aller NG-AMR-Tests wurden bei Männern durchgeführt (10, 11), ähnlich wie 

in anderen Datenerhebungen aus Deutschland von Horn et.al (72). In Euro-GASP Daten, 

die aus vielen europäischen Ländern gesammelt werden, wird diskutiert, dass mindestens 

etwa 50 % der Isolate von Männern aus der Gruppe der MSM stammen (73, 74). In 

GORENET wurde beobachtet, dass der Altersmedian von getesteten Männern höher war 

als der von Frauen (10, 11). Ähnliche Ergebnisse wurden sowohl in den Studien von Horn 

et.al als auch in Euro-GASP Daten beobachtet (72, 73). 

Die Ceftriaxon und Cefixim Resistenz bei den in GORENET getesteten Isolaten blieb auf 

einem niedrigen Niveau. Es wurde bei keinem der wiederholt getesteten Isolate 

Resistenzen gegenüber Ceftriaxon beobachtet (10, 11). Die Cefixim Resistenz war bei 

weniger als 2 % der Isolate nachweisbar (10, 11). In den Jahren 2014 und 2015 wurde 

eine Abnahme der resistenten Stämmen auch in Euro-GASP beobachtet (46, 73), ähnlich 

wie in anderen Europäischen Ländern und weltweit (46, 58, 75-78). In den Jahren 2016 

bis 2018 wurde in GORENET nur ein Isolat mit Resistenz gegen Ceftriaxon beobachtet, 

die Abnahme des Anteils resistenter Stämmen gegenüber Cefixim setzte sich fort (79). 

2016 und 2017 zeigten sich in den Euro-GASP Daten keine Resistenzen gegen 

Ceftriaxon (46). Die Abnahme der Cefixim Resistenz ist möglicherweise mit einer 

entsprechenden Änderung der Therapierichtlinie erklärbar, die als Firstline-Substanz nicht 

mehr Cefixim, sondern Ceftriaxon vorsieht (8, 10, 11). Eine weitere Erklärung könnte sein, 

dass es zu Veränderungen in den zirkulierenden Sequenztypen gekommen ist. Die 

Ceftriaxon und Cefixim Resistenzen wurden in Zusammengang mit dem Sequenztyp 

ST1407 berichtet (80-82). Dieser Stamm wurde in den letzten fünf Jahren durch andere 

Stämme ersetzt (83). Die Resistenz sowie intermediäre Empfindlichkeit gegenüber 

Azithromycin war bedeutsam hoch in den in GORENET untersuchen Isolaten (10, 11). In 

den Jahren 2016-2017 ging der Anteil resistenter Stämme zurück (< 4 %), stieg jedoch 

2018 wieder an (8,4 %) (79). Azithromycin wird oft für die Behandlung anderer 
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Infektionen, einschließlich der Behandlung von anderen STI, eingesetzt. Durch vermehrte 

Exposition und Anpassung des Erregers kann die Zunahme der Resistenzen gegenüber 

Azithromycin vermutet werden (84, 85). Im Jahr 2018 wurde eine neue Genogruppe 

identifiziert, die mit erhöhten MHK-Werten gegenüber Azithromycin verbunden sind (86). 

Weltweit sind Fälle von High-Level-Azithromycin-Resistenz berichtet worden (87-91). 

Auch in Deutschland wurde ein Isolat mit NG High-Level-Azithromycin-Resistenz (MHK > 

256 mg/L) in Rahmen von GORENET beobachtet (11, 92). Daher sollte vor der Gonorrhö 

Behandlung mit Azithromycin ein AMR-Test durchgeführt werden.  

Die Anteil der Isolate mit einer Resistenz gegenüber Ciprofloxacin und Penicillin war in 

GORENET insgesamt hoch (10, 11). Auch bei Ciprofloxacin und Penicillin wird in 

Europäischen Ländern und weltweit Resistenzen seit Längerem beobachtet (73). 

Ciprofloxacin und Penicillin sollte daher für die Gonorrhö Behandlung nicht mehr zum 

Einsatz kommen (10, 11). 

Neisseria gonorrhoeae entwickelte in der Vergangenheit Resistenzen gegen jedes für die 

Therapie eingesetzte Antibiotikum (54) Mit der Einführung der Therapieleitlinie in 2014 

wurde die Therapie mit zwei Substanzen – Ceftriaxon (ggf. Cefixim) und Azithromycin - in 

Deutschland implementiert (12). Wegen der sich rasch entwickelnden Resistenzlage 

gegenüber Azithromycin wurde in der Leitlinie von 2018 für Patient*innen mit gesicherter 

Adhärenz eine Monotherapie mit Ceftriaxon (ggf.Cefixim) eingeführt (8). 

Um die Veränderungen der Antibiotika-Resistenzen von Gonokokken schnell zu erfassen 

und die Therapieleitlinien zeitgerecht zu aktualisieren, ist eine Surveillance der NG-AMR 

notwendig (10, 11). Das im Rahmen von GORENET aufgebaute Netzwerk sollte daher 

weiter ausgebaut und die Anzahl der jährlich getesteten Proben weiter gesteigert werden 

(10, 11). Um dauerhaft die NG-AMR Surveillance in Deutschland zu gewährleisten, wurde 

kürzlich eine Meldepflicht für NG-AMR mit Beginn zum 01.03.2020 eingeführt (93). Diese 

wird dabei helfen, ein vollständigeres Bild über die Lage der NG-AMR in Deutschland zu 

liefern. Die in GORENET bereits aufgebaute Isolatesammlung könnte auf 

wissenschaftlicher Ebene mit Daten aus der Meldepflicht verknüpft werden. 

Durch das Chlamydien-Laborsentinel und GORENET konnte in Deutschland die 

Datenlage zu diesen zwei sehr bedeutsamen STI verbessert werden. Das Chlamydien-

Laborsentinel liefert robuste Daten im Quer- und Längsschnitt. Daten aus GORENET 

haben bereits dazu beigetragen, die Therapie-Richtlinien evidenzbasiert anzupassen. Die 

Weiterführung sowie der Ausbau der Datenerhebung können wichtige und belastbare 

Daten für die Surveillance und Response von Chlamydien- und Gonokokken-Infektion in 

Deutschland liefern. 



17 

 

7. Literaturverzeichnis 

1. World Health Organisation. Global Health Sector Strategy on Sexually Transmitted 
Infections 2016-2021. Towards ending STIs. Geneva: World Health Organisation; 2016. 
2. Bremer V, Brockmeyer N, Coenenberg J. S1-Leitlinie: STI/STD-Beratung, Diagnostik und 
Therapie 2015 [07/2015:[Available from: http://www.awmf.org/uploads/tx_szleitlinien/059-
006l_S1_STI_STD-Beratung_2015-07.pdf. 
3. Mund M, Sander G, Potthoff P, Schicht H, Matthias K. Introduction of Chlamydia 
trachomatis screening for young women in Germany. JDDG - Journal of the German Society of 
Dermatology. 2008;6(12):1032-7. 
4. Robert Koch-Institut. Chlamydia trachomatis – Laborsentinel. Epidemiologisches Bulletin. 
2013;2013(46):469-75. 
5. Dudareva-Vizule S, Jansen K, Sailer A, Bremer V. Kontinuierliche Überwachung ist 
notwendig. HIV&more. 2016(2). 
6. Dudareva-Vizule S, Haar K, Sailer A, Jansen K, Hamouda O, Wisplinghoff H, Tiemann C, 
Pape E, Bremer V, and the  Chlamydia trachomatis laboratory sentinel team. Establishment of a 
voluntary electronic Chlamydia trachomatis laboratory surveillance system in Germany, 2008 to 
2014. Eurosurveillance. 2017;22(6):pii=30459. 
7. Unterausschuss Familienplanung des Gemeinsamen Bundesausschusses. Screening auf  
genitale Chlamydia  trachomatis-Infektionen bei Frauen. . https://www.g-ba.de/downloads/40-268-
533/2008-01-30-Abschluss_Chlamydien.pdf. 
8. AWMF. S2k-Leitlinie: Diagnostik und Therapie der Gonorrhoe AWMF2013 
[059/004:[Available from: https://www.awmf.org/uploads/tx_szleitlinien/059-004l_S2k_Gonorrhoe-
Diagnostik-Therapie_2019-03.pdf. 
9. Lang AS, an der Heiden M, Jansen K, Sailer A, Bremer V, Dudareva S. Not again! Effect 
of previous test results, age group and reason for testing on (re-)infection with Chlamydia 
trachomatis in Germany. BMC Infectious Diseases. 2018;18(1). 
10. Buder S, Dudareva S, Jansen K, Loenenbach A, Nikisins S, Sailer A, Guhl E, Kohl PK, 
Bremer V, group Gs. Antimicrobial resistance of Neisseria gonorrhoeae in Germany: low levels of 
cephalosporin resistance, but high azithromycin resistance. BMC Infect Dis. 2018;18(1):44. 
11. Robert Koch-Institut. Bericht Gonokokken-Resistenz Netzwerk (GORENET). 
https://www.rki.de/DE/Content/InfAZ/G/Gonorrhoe/GORENET/GORENET-
Bericht.pdf?__blob=publicationFile; 2016. 
12. Bremer V, Brockmeyer N, Buder S, Eigentler A, Esser S, Hagedorn H, Hartmann M, 
Hörauf A, Kern K, Kohl P, Köhler E, Köhn F, Kresken M, Mayr C, Meyer T, Möst J, Mylonas I, 
Nitschke H, Petry K, Plettenberg A, Potthoff A, Rieg S, Spornraft-Ragaller P, Rasokat H, Schöfer 
H, Schneede P, Throm W, Walter G, Weidner W, Wichelhaus T. Gonorrhoe bei Erwachsenen und 
Adoleszenten. GMS Infect Dis. 2014(2). 
13. Rowley J, Vander Hoorn S, Korenromp E, Low N, Unemo M, Abu-Raddad L, et al. Global 
and Regional Estimates of the Prevalence and Incidence of Four Curable Sexually Transmitted 
Infections in 2016. WHO Bulletin. 2019;June. 
14. Workowski KA, Bolan GA, Centers for Disease C, Prevention. Sexually transmitted 
diseases treatment guidelines, 2015. MMWR Recomm Rep. 2015;64(RR-03):1-137. 
15. Detels R, Green AM, Klausner JD, Katzenstein D, Gaydos C, Handsfield HH, Pequegnat 
W, Mayer K, Hartwell TD, Quinn TC. The incidence and correlates of symptomatic and 
asymptomatic Chlamydia trachomatis and Neisseria gonorrhoeae infections in selected populations 
in five countries. Sex Transm Dis. 2011;38(6):503-9. 
16. Mohseni M, Sung S, Takov V. Chlamydia.  StatPearls. Treasure Island (FL)2021. 
17. Geisler WM, Chow JM, Schachter J, McCormack WM. Pelvic examination findings and 
Chlamydia trachomatis infection in asymptomatic young women screened with a nucleic acid 
amplification test. Sex Transm Dis. 2007;34(6):335-8. 
18. Buder S, Schofer H, Meyer T, Bremer V, Kohl PK, Skaletz-Rorowski A, Brockmeyer N. 
Bacterial sexually transmitted infections. J Dtsch Dermatol Ges. 2019;17(3):287-315. 
19. Martin-Sanchez M, Ong JJ, Fairley CK, Chen MY, Williamson DA, Maddaford K, Aung 
ET, Carter G, Bradshaw CS, Chow EPF. Clinical presentation of asymptomatic and symptomatic 
heterosexual men who tested positive for urethral gonorrhoea at a sexual health clinic in 
Melbourne, Australia. BMC Infect Dis. 2020;20(1):486. 
20. Peterman TA, Newman DR, Maddox L, Schmitt K, Shiver S. Risk for HIV following a 
diagnosis of syphilis, gonorrhoea or chlamydia: 328,456 women in Florida, 2000-2011. Int J STD 
AIDS. 2015;26(2):113-9. 



18 

 

21. European Center for disease Prevention and Control. Annual Epidemiological Report 
2015 – Chlamydia. Stockholm: European Center for disease Prevention and Control; 2017. 
22. Farley TA, Cohen DA, Elkins W. Asymptomatic sexually transmitted diseases: the case 
for screening. Prev Med. 2003;36(4):502-9. 
23. European Center for disease Prevention and Control. Surveillance Atlas of Infectious 
Diseases 2019 [Available from: https://atlas.ecdc.europa.eu/public/index.aspx. 
24. Landesuntersuchungsanstalt für das Gesundheits- und Veterinärwesen Sachsen. 
Jahresbericht 2017 der Landesuntersuchungsanstalt für das Gesundheits- und Veterinärwesen 
(LUA). Dresden: LUA Sachsen; 2018. 
25. Ehrhard I. Epidemiologische Aspekte bei Neisseria gonorrhoeae- und Chlanydia 
trachomatis-Infektionen, unter besonderer Berücksichtigung der Meldedaten in Sachsen. Der 
Mikrobiologe. 2012;22(4):111-9. 
26. Gesetz zur Verhütung und Bekämpfung von Infektionskrankheiten beim Menschen 
https://www.gesetze-im-internet.de/ifsg/ [ 
27. Robert Koch-Institut. Syphilis.  Infektionsepidemiologisches Jahrbuch meldepflichtiger 
Krankheiten  für 2017. Berlin2018. p. 210-4. 
28. Jansen K, Schmidt AJ, Drewes J, Bremer V, Marcus U. Increased incidence of syphilis in 
men who have sex with men and risk management strategies, Germany, 2015. Euro Surveill. 
2016;21(43). 
29. Jansen K. Syphilis in Deutschland im Jahr 2018 – Anstieg der Vorjahre stagniert auf 
hohem Niveau. Epid Bull. 2019;50:9. 
30. Haar K. Sechs Jahre STD-Sentinel-Surveillance in Deutschland – Zahlen und Fakten. 
Epid Bull. 2010;3:20-7. 
31. Desai S, Meyer T, Thamm M, Hamouda O, Bremer V. Prevalence of Chlamydia 
trachomatis among young German adolescents, 2005-06. Sexual health. 2011;8(1):120-2. 
32. Gassowski M, Poethko-Mueller C, Dudareva S, Bremer V, Schlaud M, Jansen K. P465 
Chlamydia-screening for women under the age of 25 years in germany – how are we doing? 
Sexually Transmitted Infections. 2019;95(Suppl 1):A217-A. 
33. European Centre for Disease Prevention and Control. Chlamydia control in Europe: 
literature review. Stockholm: ECDC; 2014. 
34. Moore DE, Spadoni LR, Foy HM. Increased frequency of serum antibodies to Chlamydia 
trachomatis in infertility due to distal tubal disease. Lancet. 1982;2(8298):574-7. 
35. van Valkengoed IG, Morre SA, van den Brule AJ, Meijer CJ, Bouter LM, Boeke AJ. 
Overestimation of complication rates in evaluations of Chlamydia trachomatis screening 
programmes--implications for cost-effectiveness analyses. Int J Epidemiol. 2004;33(2):416-25. 
36. Low N, Egger M, Sterne JA, Harbord RM, Ibrahim F, Lindblom B, Herrmann B. Incidence 
of severe reproductive tract complications associated with diagnosed genital chlamydial infection: 
the Uppsala Women's Cohort Study. Sex Transm Infect. 2006;82(3):212-8. 
37. Nieuwenhuis RF, Ossewaarde JM, Gotz HM, Dees J, Thio HB, Thomeer MG, den 
Hollander JC, Neumann MH, van der Meijden WI. Resurgence of lymphogranuloma venereum in 
Western Europe: an outbreak of Chlamydia trachomatis serovar l2 proctitis in The Netherlands 
among men who have sex with men. Clin Infect Dis. 2004;39(7):996-1003. 
38. Dougan S, Evans BG, Elford J. Sexually transmitted infections in Western Europe among 
HIV-positive men who have sex with men. Sexually Transmitted Diseases. 2007;34(10):783-90. 
39. Health protection Agency. Lymphogranuloma Venereum (LGV) Enhanced Surveillance: 
Health Protection Agency; 2010 [Available from: 
http://www.hpa.org.uk/web/HPAweb&HPAwebStandard/HPAweb_C/1195733785206. 
40. Kivi M, Koedijk FD, van der Sande M, MJ. vdL. Evaluation prompting transition from 
enhanced to routine surveillance of lymphogranuloma venereum (LGV) in the Netherlands. Euro 
surveillance. 2008;13(14):8087. 
41. Bremer V, Meyer T, Marcus U, Hamouda O. Lymphogranuloma venereum emerging in 
men who have sex with men in Germany. Eurosurveillance monthly. 2006;11(9):152-4. 
42. Apers L, Florence E, Crucitti T, Anwar N. Lymphogranuloma venereum among patients 
presenting at the HIV/STI clinic in Antwerp, Belgium : a case series. Acta Gastroenterol Belg. 
2017;80(3):385-7. 
43. O'Byrne P, MacPherson P, DeLaplante S, Metz G, Bourgault A. Approach to 
lymphogranuloma venereum. Can Fam Physician. 2016;62(7):554-8. 
44. Haar K, Dudareva-Vizule S, Wisplinghoff H, Wisplinghoff F, Sailer A, Jansen K, Henrich 
B, Marcus U. Lymphogranuloma venereum in men screened for pharyngeal and rectal infection, 
Germany. Emerging infectious diseases. 2013;19(3):488-92. 



19 

 

45. Pillay J, Wingert A, MacGregor T, Gates M, Vandermeer B, Hartling L. Screening for 
chlamydia and/or gonorrhea in primary health care: systematic reviews on effectiveness and 
patient preferences. Syst Rev. 2021;10(1):118. 
46. European Centre for Disease Prevention and Control. Gonococcal antimicrobial 
susceptibility surveillance in Europe – Results summary 2017. Stockholm: ECDC; 2019. 
47. Centers for Disease Control and Prevention. Sexually Transmitted Disease Surveillance 
2017. Atlanta; 2018. 
48. Ooi C, Kong FYS, Lewis DA, Hocking JS. Prevalence of sexually transmissible infections 
and HIV in men attending sex-on-premises venues in Australia: a systematic review and meta-
analysis of observational studies. Sexual health. 2020;17(2):135-48. 
49. Dewart CM, Bernstein KT, DeGroote NP, Romaguera R, Turner AN. Prevalence of Rectal 
Chlamydial and Gonococcal Infections: A Systematic Review. Sex Transm Dis. 2018;45(5):287-93. 
50. Dudareva-Vizule S, Haar K, Sailer A, Wisplinghoff H, Wisplinghoff F, Marcus U, group Ps. 
Prevalence of pharyngeal and rectal Chlamydia trachomatis and Neisseria gonorrhoeae infections 
among men who have sex with men in Germany. Sex Transm Infect. 2014;90(1):46-51. 
51. Bignell C, Unemo M, European STIGEB. 2012 European guideline on the diagnosis and 
treatment of gonorrhoea in adults. Int J STD AIDS. 2013;24(2):85-92. 
52. Kidd S, Workowski KA. Management of Gonorrhea in Adolescents and Adults in the 
United States. Clin Infect Dis. 2015;61 Suppl 8:S785-801. 
53. World Health Organization. Global incidence and prevalence of selected curable sexually 
transmitted infections: 2008: World Health Organization, Department of Reproductive Health and 
Research, 2012 ISBN 978 92 4 150383 9. Reproductive Health Matters. 2012;20(40):207-9. 
54. Unemo M, Shafer WM. Antimicrobial resistance in Neisseria gonorrhoeae in the 21st 
century: past, evolution, and future. Clin Microbiol Rev. 2014;27(3):587-613. 
55. Allen VG, Mitterni L, Seah C, Rebbapragada A, Martin IE, Lee C, Siebert H, Towns L, 
Melano RG, Low DE. Neisseria gonorrhoeae treatment failure and susceptibility to cefixime in 
Toronto, Canada. JAMA : the journal of the American Medical Association. 2013;309(2):163-70. 
56. Centers for Disease Control and Prevention. Update to CDC's Sexually transmitted 
diseases treatment guidelines, 2010: oral cephalosporins no longer a recommended treatment for 
gonococcal infections. MMWR Morbidity and mortality weekly report. 2012;61(31):590-4. 
57. Cole MJ, Spiteri G, Chisholm SA, Hoffmann S, Ison CA, Unemo M, Van de Laar M. 
Emerging cephalosporin and multidrug-resistant gonorrhoea in Europe. Euro Surveill. 
2014;19(45):20955. 
58. Cole MJ, Spiteri G, Jacobsson S, Pitt R, Grigorjev V, Unemo M, Euro GN. Is the tide 
turning again for cephalosporin resistance in Neisseria gonorrhoeae in Europe? Results from the 
2013 European surveillance. BMC Infect Dis. 2015;15:321. 
59. Kirkcaldy RD, Ballard RC, Dowell D. Gonococcal resistance: are cephalosporins next? 
Current infectious disease reports. 2011;13(2):196-204. 
60. Yasin RM, Suan KA, Meng CY. Comparison of E-test with agar dilution methods in testing 
susceptibility of N. gonorrhoeae to azithromycin. Sex Transm Dis. 1997;24(5):257-60. 
61. Loenenbach A, Dudareva-Vizule S, Buder S, Sailer A, Kohl PK, Bremer V. [Laboratory 
practices: diagnostics and antibiotics resistance testing of Neisseria gonorrhoeae in Germany]. 
Bundesgesundheitsblatt, Gesundheitsforschung, Gesundheitsschutz. 2015;58(8):866-74. 
62. The European Committee on Antimicrobial Susceptibility Testing - EUCAST.  [Available 
from: https://www.eucast.org. 
63. Haar K, Bremer V, Houareau C, Meyer T, Desai S, Thamm M, Hamouda O. Risk factors 
for Chlamydia trachomatis infection in adolescents: results from a representative population-based 
survey in Germany, 2003-2006. Euro Surveill. 2013;18(34). 
64. Hamouda O, Bremer V, Marcus U, Bartmeyer B. Epidemiologische Entwicklung bei 
ausgewählten sexuell übertragbaren Infektionen (STI) in Deutschland. Bundesgesundheitsblatt, 
Gesundheitsforschung, Gesundheitsschutz. 2013;56(12):1600-8. 
65. Desai S, Meyer T., Thamm M., Hamouda O., V. B. Prevalence of Chlamydia trachomatis 
among young German adolescents, 2005-06. Sexual health. 2011;8:120-2. 
66. van den Broek IVF, van Bergen JEAM, Brouwers EEHG, Fennema JSA, Götz HM, Hoebe 
CJPA, Koekenbier RH, Kretzschmar M, Over EAB, Schmid BV. Effectiveness of yearly, register 
based screening for chlamydia in the Netherlands: controlled trial with randomised stepped wedge 
implementation. British Medical Journal. 2012;345:345:e4316. 
67. Woodhall SC, Atkins JL, Soldan K, Hughes G, Bone A, Gill ON. Repeat genital 
Chlamydia trachomatis testing rates in young adults in England, 2010. Sexually transmitted 
infections. 2013;89(1):51-6. 



20 

 

68. Bone A, Soldan K, Woodhall S, Clarke J, Gill ON. Opportunistic or population register 
based programmes for chlamydia screening? British Medical Journal. 2012;4:345:e5887. 
69. Health Protection Agency. Health Protection Report. Health Protection Agency; 2010. 
70. Robert Koch-Institut. Chlamydia trachomatis Untersuchungen bei Männern. 
Epidemiologisches Bulletin. 2014(38):373-80. 
71. Lanjouw E, Ouburg S, de Vries HJ, Stary A, Radcliffe K, Unemo M. 2015 European 
guideline on the management of Chlamydia trachomatis infections. Int J STD AIDS. 
2016;27(5):333-48. 
72. Horn NN, Kresken M, Korber-Irrgang B, Gottig S, Wichelhaus C, Wichelhaus TA, Working 
Party Antimicrobial Resistance of the Paul Ehrlich Society for C. Antimicrobial susceptibility and 
molecular epidemiology of Neisseria gonorrhoeae in Germany. Int J Med Microbiol. 2014;304(5-
6):586-91. 
73. European Centre for Disease Prevention and Control. Gonococcal antimicrobial 
susceptibility surveillance in Europe 2013. Stockholm: ECDC; 2015. 
74. Cole MJ, Spiteri G, Town K, Unemo M, Hoffmann S, Chisholm SA, Amato-Gauci AJ, van 
de Laar M, Ison CA, Euro GN. Risk factors for antimicrobial-resistant Neisseria gonorrhoeae in 
Europe. Sex Transm Dis. 2014;41(12):723-9. 
75. La Ruche G, Goubard A, Bercot B, Cambau E, Semaille C, Sednaoui P. Gonococcal 
infections and emergence of gonococcal decreased susceptibility to cephalosporins in France, 
2001 to 2012. Euro Surveill. 2014;19(34). 
76. Martin I, Sawatzky P, Liu G, Allen V, Lefebvre B, Hoang L, Drews S, Horsman G, Wylie J, 
Haldane D, Garceau R, Ratnam S, Wong T, Archibald C, Mulvey MR. Decline in Decreased 
Cephalosporin Susceptibility and Increase in Azithromycin Resistance in Neisseria gonorrhoeae, 
Canada. Emerging infectious diseases. 2016;22(1):65-7. 
77. Public Health England. GRASP 2013 report: the Gonococcal Resistance to Antimicrobial 
Surveillance Programme (England and Wales). Public Health England; 2014. 
78. Centers for Disease Control and Prevention. Sexually transmitted diseases surveillance. 
Gonorrhea. Centers for Disease Control and Prevention,; 2014. 
79. Buder S, Kohl P, Guhl E, Graeber I, Tamminga T, Dudareva S, Heuer D, Bremer V, 
Jansen K. P671 Distribution of antimicrobial resistance in <em>neisseria gonorrhoeae</em> – 5 
years of german gonococcal resistance network (GORENET). Sexually Transmitted Infections. 
2019;95(Suppl 1):A294-A5. 
80. Chisholm SA, Unemo M, Quaye N, Johansson E, Cole MJ, Ison CA, Van de Laar MJ. 
Molecular epidemiological typing within the European Gonococcal Antimicrobial Resistance 
Surveillance Programme reveals predominance of a multidrug-resistant clone. Euro Surveill. 
2013;18(3). 
81. Jeverica S, Golparian D, Maticic M, Potocnik M, Mlakar B, Unemo M. Phenotypic and 
molecular characterization of Neisseria gonorrhoeae isolates from Slovenia, 2006-12: rise and fall 
of the multidrug-resistant NG-MAST genogroup 1407 clone? J Antimicrob Chemother. 
2014;69(6):1517-25. 
82. Morita-Ishihara T, Unemo M, Furubayashi K, Kawahata T, Shimuta K, Nakayama S, 
Ohnishi M. Treatment failure with 2 g of azithromycin (extended-release formulation) in gonorrhoea 
in Japan caused by the international multidrug-resistant ST1407 strain of Neisseria gonorrhoeae. J 
Antimicrob Chemother. 2014;69(8):2086-90. 
83. Banhart S, Jansen K, Buder S, Tamminga T, Calvignac-Spencer S, Pilz T, Martini A, 
Dudareva S, Nikisins S, Dehmel K, Zuelsdorf G, Guhl E, Graeber I, Kohl PK, Unemo M, Bremer V, 
Heuer D, group Gs. Molecular epidemiological typing of Neisseria gonorrhoeae isolates identifies a 
novel association between genogroup G10557 (G7072) and decreased susceptibility to cefixime, 
Germany, 2014 to 2017. Euro Surveill. 2020;25(41). 
84. Abraha M, Egli-Gany D, Low N. Epidemiological, behavioural, and clinical factors 
associated with antimicrobial-resistant gonorrhoea: a review. F1000Research. 2018;7:400. 
85. Kenyon C, Buyze J, Spiteri G, Cole MJ, Unemo M. Population-Level Antimicrobial 
Consumption Is Associated With Decreased Antimicrobial Susceptibility in Neisseria gonorrhoeae 
in 24 European Countries: An Ecological Analysis. J Infect Dis. 2020;221(7):1107-16. 
86. Banhart S, Selb R, Oehlmann S, Bender J, Buder S, Jansen K, Heuer D. The mosaic mtr 
locus as major genetic determinant of azithromycin resistance of Neisseria gonorrhoeae, Germany, 
2018. J Infect Dis. 2021. 
87. Palmer HM, Young H, Winter A, Dave J. Emergence and spread of azithromycin-resistant 
Neisseria gonorrhoeae in Scotland. J Antimicrob Chemother. 2008;62(3):490-4. 



21 

 

88. Katz AR, Komeya AY, Soge OO, Kiaha MI, Lee MV, Wasserman GM, Maningas EV, 
Whelen AC, Kirkcaldy RD, Shapiro SJ, Bolan GA, Holmes KK. Neisseria gonorrhoeae with high-
level resistance to azithromycin: case report of the first isolate identified in the United States. Clin 
Infect Dis. 2012;54(6):841-3. 
89. Unemo M, Golparian D, Hellmark B. First three Neisseria gonorrhoeae isolates with high-
level resistance to azithromycin in Sweden: a threat to currently available dual-antimicrobial 
regimens for treatment of gonorrhea? Antimicrob Agents Chemother. 2014;58(1):624-5. 
90. Bercot B, Belkacem A, Goubard A, Mougari F, Sednaoui P, La Ruche G, Cambau E. 
High-level azithromycin-resistant Neisseria gonorrhoeae clinical isolate in France, March 2014. 
Euro Surveill. 2014;19(44). 
91. Chisholm SA, Wilson J, Alexander S, Tripodo F, Al-Shahib A, Schaefer U, Lythgow K, 
Fifer H. An outbreak of high-level azithromycin resistant Neisseria gonorrhoeae in England. Sex 
Transm Infect. 2015. 
92. Buder S GE, Pfüller R, Dudareva-Vizule S, Jansen K, Kohl PK. Erster Nachweis einer 
Gonorrhö mit einem high-level Azithromycin-resistenten Erreger in Deutschland. . 
Epidemiologisches Bulletin. 2016;2016(21):186-7. 
93. Selb R, Bremer V, Jansen K, Buder S, Heuer D. Einführung einer Meldepflicht für N. 
gonorrhoeaemit verminderter Empfindlichkeit gegenüber Azithromycin, Cefixim oder Ceftriaxon. 
Epid Bull. 2020;10. 

 
  



22 

 

2. Eidesstattliche Versicherung 

„Ich, Sandra Dudareva, versichere an Eides statt durch meine eigenhändige Unterschrift, 

dass ich die vorgelegte Dissertation mit dem Thema: Surveillance von Infektionen mit 

Chlamydia trachomatis und von Antibiotika-Resistenzen von Neisseria gonorrhoeae in 

Deutschland (Surveillance of Chlamydia trachomatis infections and antibiotic resistance of 

Neisseria gonorrhoeae in Germany) selbstständig und ohne nicht offengelegte Hilfe Dritter 

verfasst und keine anderen als die angegebenen Quellen und Hilfsmittel genutzt habe. 

Alle Stellen, die wörtlich oder dem Sinne nach auf Publikationen oder Vorträgen anderer 

Autor*innen beruhen, sind als solche in korrekter Zitierung kenntlich gemacht. Die 

Abschnitte zu Methodik (insbesondere praktische Arbeiten, Laborbestimmungen, 

statistische Aufarbeitung) und Resultaten (insbesondere Abbildungen, Graphiken und 

Tabellen) werden von mir verantwortet. 

Ich versichere ferner, dass ich die in Zusammenarbeit mit anderen Personen generierten 

Daten, Datenauswertungen und Schlussfolgerungen korrekt gekennzeichnet und meinen 

eigenen Beitrag sowie die Beiträge anderer Personen korrekt kenntlich gemacht habe 

(siehe Anteilserklärung). Texte oder Textteile, die gemeinsam mit anderen erstellt oder 

verwendet wurden, habe ich korrekt kenntlich gemacht. 

Meine Anteile an etwaigen Publikationen zu dieser Dissertation entsprechen denen, die in 

der untenstehenden gemeinsamen Erklärung mit dem/der Erstbetreuer/in, angegeben 

sind. Für sämtliche im Rahmen der Dissertation entstandenen Publikationen wurden die 

Richtlinien des ICMJE (International Committee of Medical Journal Editors; www.icmje.og) 

zur Autorenschaft eingehalten. Ich erkläre ferner, dass ich mich zur Einhaltung der 

Satzung der Charité – Universitätsmedizin Berlin zur Sicherung Guter Wissenschaftlicher 

Praxis verpflichte. 

Weiterhin versichere ich, dass ich diese Dissertation weder in gleicher noch in ähnlicher 

Form bereits an einer anderen Fakultät eingereicht habe. 

Die Bedeutung dieser eidesstattlichen Versicherung und die strafrechtlichen Folgen einer 

unwahren eidesstattlichen Versicherung (§§156, 161 des Strafgesetzbuches) sind mir 

bekannt und bewusst.“  

Datum       Unterschrift  



23 

 

3. Anteilserklärung 

Sandra Dudareva hatte folgenden Anteil an den folgenden Publikationen:   

Publikation 1: Sandra Dudareva-Vizule, Karin Haar, Andrea Sailer, Klaus Jansen, 

Osamah Hamouda, Hilmar Wisplinghoff, Carsten Tiemann, Eberhard Pape, Viviane 

Bremer, Chlamydia trachomatis laboratory sentinel team, Establishment of a voluntary 

electronic Chlamydia trachomatis laboratory surveillance system in Germany, 2008 to 

2014, Euro Surveillance, 2017.  

Beitrag im Einzelnen: 

 Mitwirkung bei der Planung des Chlamydien-Laborsentinels; 

 Koordinierung der Datensammlung und der Plausibilitätskontrolle; 

 Federführung bei der Konzeption des Artikels; 

 Durchführung der Literaturrecherche und Auswahl der relevanten Literatur; 

 Federführende Konzipierung der Datenauswertung; 

 Federführende Auswertung der Daten; 

 Vorbereitung der Daten für die Erstellung der Abbildung 1, Konzipierung der Abbildung 1 

 Erstellung der Abbildungen 2, 3, 4 und Tabellen 1, 2 und 3  

 Interpretation der Ergebnisse in Zusammenarbeit mit den Koautor*nnen;  

 Entwurf  und  Fertigung  der  Publikation als Erstautorin. 

Publikation 2: Alexandra Sarah Lang, Matthias an der Heiden, Klaus Jansen, Andrea 

Sailer, Viviane Bremer, Sandra Dudareva & Chlamydia trachomatis laboratory sentinel 

team, Not again! Effect of previous test results, age group and reason for testing on (re-) 

infection with Chlamydia trachomatis in Germany. BMC Infectious Diseases, 2018.  

Beitrag im Einzelnen: 

 Mitwirkung bei der Planung des Chlamydien-Laborsentinels; 

 Koordinierung der Datensammlung und der Plausibilitätskontrolle; 

 Mitarbeit bei der Konzeption des Artikels; 

 Mitkonzipierung der Datenauswertung; 

 Betreuung der Datenauswertung und Betreuung der Erstellung aller Abbildungen und 

Tabellen 

 Mitwirkung bei der Interpretation der Ergebnisse;  

 Mitwirkung bei der Fertigung der Publikation als Letztautorin.  



24 

 

Publikation 3: Susanne Buder, Sandra Dudareva, Klaus Jansen, Anna Loenenbach, 

Sergejs Nikisins, Andrea Sailer, Eva Guhl, Peter K. Kohl, Viviane Bremer & GORENET 

study group, Antimicrobial resistance of Neisseria gonorrhoeae in Germany: low levels of 

cephalosporin resistance, but high azithromycin resistance. BMC Infectious Diseases, 

2018.  

Beitrag im Einzelnen: 

 Geteilte Erstautorschaft mit Susanne Buder 

 Federführende Planung des Gonokokken Resistenznetzwerks; 

 Koordinierung der Daten- und Isolaten-Sammlung und der Plausibilitätskontrolle; 

 Zusammen mit zweiter Erstautorinn (S. Buder) Federführung bei der Konzeption des 

Artikels; 

 Durchführung der Literaturrecherche und Auswahl der relevanten Literatur; 

 Federführende Konzipierung der Datenauswertung; 

 Federführende Auswertung der von Laboren und Kosiliarlabor berichteten Daten;  

 Vorbereitung der Daten für die Erstellung der Abbildung 1, Konzipierung der Abbildung 1 

 Erstellung der Abbildungen 2, 3, 4, 5 und Tabellen 1, 2 und 3  

 Interpretation der Ergebnisse in Zusammenarbeit mit den Koautor*innen;  

 Zusammen mit zweiter Erstautorinn (S. Buder) Entwurf  und  Fertigung  der  Publikation 

als Erstautorin. 

 

____________________________ 

Unterschrift, Datum und Stempel des/der erstbetreuenden Hochschullehrers/in 

 

____________________________ 

Unterschrift des Doktoranden/der Doktorandin  



25 

 

4. Druckexemplare der ausgewählten Publikationen 



1www.eurosurveillance.org

Surveillance and outbreak report 

Establishment of a voluntary electronic Chlamydia 
trachomatis laboratory surveillance system in Germany, 
2008 to 2014

S Dudareva-Vizule 1 2 , K Haar ¹ , A Sailer ¹ , K Jansen ¹ , O Hamouda ¹ , H Wisplinghoff 3 4 5 , C Tiemann ⁶ , E Pape ¹ , V Bremer ¹ , 
Chlamydia trachomatis laboratory sentinel team ⁷ 
1. Department for Infectious Disease Epidemiology, Robert Koch Institute, Berlin, Germany
2. Charité University Medicine, Berlin, Germany
3. Wisplinghoff Laboratories, Cologne, Germany
4. Institute for Medical Microbiology, University of Cologne, Cologne, Germany
5. Institute for Microbiology, University Witten/Herdecke, Witten, Germany
6. Labor Krone, Bad Salzuflen, Germany
7. The Chlamydia trachomatis laboratory sentinel team is listed at the end of the article
Correspondence: Sandra Dudareva-Vizule (Dudareva-VizuleS@rki.de)

Citation style for this article: 
Dudareva-Vizule S, Haar K, Sailer A, Jansen K, Hamouda O, Wisplinghoff H, Tiemann C, Pape E, Bremer V, Chlamydia trachomatis laboratory sentinel team. 
Establishment of a voluntary electronic Chlamydia trachomatis laboratory surveillance system in Germany, 2008 to 2014. Euro Surveill. 2017;22(6):pii=30459. DOI: 
http://dx.doi.org/10.2807/1560-7917.ES.2017.22.6.30459 

Article submitted on 26 February 2016 / accepted on 08 September 2016 / published on 09 February 2017

Chlamydia trachomatis (CT) infections are not report-
able in Germany and limited data on prevalence 
are available. CT screening has been offered free 
of charge to pregnant women since 1995 and to all 
women under 25 years since 2008. For symptomatic 
women and men, diagnostic testing is covered by 
statutory health insurance. We describe the estab-
lishment of a nationwide, laboratory-based, voluntary 
sentinel that electronically collects information on all 
performed CT tests with test results, test reason and 
patient information. The sentinel represents one third 
of all performed CT tests in Germany. In the period 
from 2008 to 2014, 3,877,588 CT tests were reported, 
93% in women. Women aged 20–24 years and men 
aged 25–29 years were the most frequently tested age 
groups. The overall proportion of positive tests (PPT) 
among women was 3.9% and among men 11.0%. The 
highest PPT among women was in the age groups 15–19 
(6.8%) and 20–24 years (5.9%), and among men in the 
age groups 20–24 (19.2%), 15–19 (15.4%) and 25–29 
years (14.8%). The PPT for CT was high among women 
and men younger than 25 years. Prevention is urgently 
needed. Monitoring of CT infection in Germany should 
be continued.

Introduction
Infections with Chlamydia trachomatis (CT) rank among 
the most frequent sexually transmitted infections (STI) 
in Europe and worldwide [1,2]. According to European 
data, the most affected age groups are women aged 
15–24 years and men aged 20–24 years [2,3].The CT 
infection may be asymptomatic and can, if not detected 
and treated, result in complications such as pelvic 
inflammatory disease, chronic abdominal pain, ectopic 

pregnancy, tubal sterility, a higher risk of adverse 
pregnancy outcomes for women and of epididymitis for 
men [3-10]. Evidence whether CT screening can prevent 
these complications is, however, controversial [3].

CT infections are not reportable in Germany, except 
for one federal state (Saxony), where we observed a 
continuous increase from 40.8 reported CT infections 
per 100,000 population in 2004 to 101.0 in 2012 [11]. 
However, only detected infections are reported. The 
true incidence in the population might be higher owing 
to the large proportion of asymptomatic infections that 
might remain undetected. In population-wide studies 
in Germany performed between 2003 and 2006, we 
observed a prevalence of up to 4.5% among women 
aged 17–19 years and 4.9% among men aged 25–29 
years [12-14]. Between 2003 and 2009, data on CT were 
collected through the STI sentinel surveillance system 
from 247 sites (mainly local municipality counselling 
centres for STI, followed by STI outpatient clinics, gen-
eral practitioners and other specialists) situated all over 
Germany but not representative of the general popula-
tion in Germany. CT was the most frequently diagnosed 
STI, with a positivity of 6.0% among performed tests 
[15-17]. Sixty-seven per cent of the diagnosed CT infec-
tions were among women, many of them working as sex 
workers who attended the free-of-charge local munici-
pality counselling clinics. The median age of infected 
women was 25 years and of men 31 years [15,16].

Health insurance in Germany is compulsory and indi-
viduals are covered either by statutory health insur-
ance (ca 90%) or private health insurance. Private 
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health insurance is available only to some segments of 
the population [18].

Patients in Germany can freely choose their medi-
cal practitioner, i.e. not based on place of residence. 
Laboratories do not have a defined catchment area, 
thus, there are laboratories serving only surrounding 
areas as well as laboratories receiving samples from 
all over Germany.

Since 1995, opportunistic CT screening for pregnant 
women with statutory insurance has been in place, and 
in 2008, yearly CT screening for sexually active women 
under the age of 25 years with statutory insurance, as 
well as a CT test before planned abortion, was intro-
duced in Germany [19]. Up until now, there have been 
no CT screening programmes for men. Health insurance 

companies can reimburse men and women for the 
costs of testing if they report specific symptoms or 
unspecific symptoms together with risk behaviour or if 
a sex partner has been tested positive for CT (diagnos-
tic testing). Otherwise, the CT test can be requested 
and paid by the patient.

CT has been classified in the highest priority group of 
pathogens in Germany [20]. However, data on the pro-
portion of positive tests (PPT) in different age groups 
and regions are limited. Furthermore, there are no 
data on the frequency of the different test indications 
for CT in women and on the coverage of the screening 
programme for women younger than 25 years. Except 
for Saxony, there is no information on the CT infection 
trend over time.

Figure 1
Number of reported Chlamydia trachomatis tests per 100,000, by federal state, Germany, 2008–14 (n = 3,220,628)
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To close this knowledge gap, we introduced a new lab-
oratory-based CT surveillance system, the ‘CT labora-
tory sentinel’ in Germany in 2010. The aim of the CT 
laboratory sentinel was to monitor CT testing data and 
infections in Germany and to evaluate the newly intro-
duced CT screening for women under 25 years of age, 
in order to develop public health recommendations for 
targeted prevention measures.

Before the laboratory-based CT-surveillance was set up, 
all laboratories testing for CT in Germany were mapped 
[21]. Of 1,504 contacted facilities, 725 (48%) responded 
to a questionnaire; 143 reported that they performed 
CT diagnostics and of those 143, 60 reported that they 
would be interested in reporting data [21].

In this paper, we report on how the CT laboratory senti-
nel was established and present the first results.

Methods

Establishment of the Chlamydia trachomatis 
laboratory sentinel
In September 2010, we started implementing a volun-
tary laboratory-based sentinel system in Germany for 
electronic and, where possible, automated collection 
of information that is routinely available in laboratories 
on CT tests. Mapping of the laboratories performing 
CT diagnostics [21] provided us with a list of laborato-
ries that expressed interest in participation and with 
information on the number of CT tests per quarter and 
catchment area. We recruited laboratories based on 
the number of performed CT tests and on the size of 
the catchment area. Our aim was to recruit laboratories 
performing many CT tests and to reach equally good 

geographical distribution in each federal state. After 
review of the geographical distribution and coverage 
in our sample, we decided to recruit additional labo-
ratories with catchment areas from underrepresented 
regions.

Through the CT laboratory sentinel, we collected ret-
rospective (back to 2008) and continuous data on 
the performed CT tests up to 31 December 2014. Data 
were reported on a quarterly basis. The laboratories 
indicated that not all variables could be selected from 
their data systems or the selection would be very time 
consuming. To keep the effort reasonable, we defined 
a standard common set of mandatory and optional var-
iables. Mandatory variables were sample and patient 
identification number, date of laboratory testing, 
test result, sex, and year of birth. Optional variables 
included date of sampling, the first three digits of the 
standard five-digit postal code of the patient, the first 
three digits of the postal code of the submitting medi-
cal practitioner, month of birth, reason for testing or 
billing codes (used for invoicing health insurance), 
pregnancy status, tested material, health insurance 
status (statutory or private) and method of testing.

If the three-digit postal code of the patient was not 
available, we used the three-digit postal code of the 
submitting medical practitioner. We generated infor-
mation on the test reason from the reported reason 
for testing or respective billing codes. Samples from 
female patients, who were tested because of symp-
toms or suspicion of infection, were categorised as 
‘Diagnostic testing’. Samples from female patients 
who were tested during pregnancy or before a planned 
abortion were categorised as ‘Screening in pregnancy’. 

Figure 2
Proportion of reported Chlamydia trachomatis tests by age group, test reason and sex, Germany, 2008–14 
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Women who were screened as part of the screening for 
under 25 years of age were categorised as ‘Screening 
for women under 25’.

On the basis of the year of birth, we calculated patient 
age at the time of testing. Laboratories reported the CT 
tests for the complete time period, or less if reporting 
for the complete time period was not possible.

Data were transmitted electronically. The data were 
sent to us either via email as extensible markup lan-
guage (.XML) files, comma-separated values (.CSV) 
or Excel spreadsheet (.XLS) files or in XML format via 
secure sockets layer (SSL)-encrypted Internet connec-
tion to a web service. After performing predefined 
automated plausibility checks, the received data were 
combined in a structured query language (SQL) data-
base. Unplausible variables were set to missing. The 
sample and patient numbers were MD5-encrypted and 
transmitted as 32-digit hash codes. Decryption of this 
code was not possible. If patients were tested more 
than once at the same laboratory, the 32-digit hash 
code enabled us to assign data from several samples 
over time to one patient. However, samples from the 
same patient tested in different laboratories could not 
be assigned to the same patient. If laboratories used 
different input data (for example, surname and date of 
birth in one quarter and name plus surname and date 
of birth in the subsequent quarter) to generate the 
32-digit hash codes, we were not able to trace those 
patient numbers over time. In order to understand if 
person-related analysis, such as testing frequency and 
time intervals between tests, is possible for this way 

of data collection, we proved the traceability of the 
patient identification numbers by laboratory over time.
There was no financial compensation for laboratories 
to participate in the study. The data collection proto-
col was confirmed by the data protection officer at the 
Robert Koch Institute, Berlin. Additional approval from 
an ethics committee was not deemed necessary, as no 
patient-identifying data were collected.

Data analysis
We analysed all CT tests available for the time period 
between 1 January 2008 and 31 December 2014. For the 
reported CT tests, we calculated counts and propor-
tions of the available and missing variables. We calcu-
lated the duration of the reporting period by laboratory 
as well as counts and proportions of the CT tests by 
laboratory.

We defined coverage as the proportion of CT tests 
from individuals with statutory insurance collected 
through the sentinel among all CT tests from individu-
als with statutory insurance. The National Association 
of Statutory Health Insurance provided us with data on 
all performed CT tests from individuals with statutory 
insurance for the years 2011 and 2012. We are not able 
to individually link patients or tests in the two data 
sources. Instead, we first calculated the proportion of 
individuals with statutory insurance among the CT tests 
with available information on health insurance status. 
Then, we extrapolated this proportion to all CT tests 
collected within the laboratory sentinel in the years 
2011 and 2012 and calculated the total number of CT 
tests from individuals with statutory insurance. Finally, 
we assessed the coverage of the laboratory sentinel by 
comparing the total number of CT tests from persons 
with statutory insurance in Germany and from persons 
with statutory insurance collected in the CT laboratory 
sentinel. We assumed that the coverage of CT tests for 
privately insured persons was similar.

The geographical distribution of the reported CT tests 
based on the postal codes was described as the num-
ber of CT tests per 100,000 population by federal state 
in Germany.

We described CT tests in the laboratory sentinel and 
the PPT by age group, sex, reason for testing (diagnos-
tic testing because of symptoms, screening in preg-
nancy or screening for women under 25 years of age) 
and tested material (for men).

Results

Participating laboratories and collected data
Of the 60 laboratories selected for recruitment, 24 
agreed to participate and have been reporting data 
to the CT laboratory sentinel. The reasons for refusing 
to participate were: data selection in the requested 
format was not possible (n = 10), too much effort was 
required (n = 12), CT samples were forwarded to a 
partner/alliance laboratory or organisational changes 

Figure 3
Proportion of positive Chlamydia trachomatis tests with 
95% confidence intervals, by sex, age group and test 
reason, Germany, 2008–14, among women (n = 3,577,935) 
and men (n = 249,857)
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(n = 7), refusal without a specific reason (n = 4), other 
reasons (n = 3). Three of the laboratories refusing to 
participate were large laboratories with a nationwide 
catchment area. Currently, two laboratories are report-
ing data by using the web service; three send the data 
as XML, five as CSV and 14 as Excel spreadsheets via 
email.

By 24 November 2015, a total of 3,877,588 CT tests 
had been reported for the period from 1 January 2008 
to 31 December 2014. A total of 15 laboratories have 
reported data for each quarter of the entire study 
period. A further nine laboratories have reported data 
for a minimum of 1 month and a maximum of 4 years 
and 7 months (Table 1).

Information on the mandatory variables was miss-
ing in less than 1% of all reported CT tests and on 
optional variables between 13% and 80% (Table 2). 
Patient number was consistently coded and therefore 
traceable over the entire reporting time in 15 labora-
tories, consistently coded only for part of the time in 
seven laboratories, and two laboratories did not report 
patient identification numbers (Table 1).

Coverage
In total, 91.1% and 78.1% of CT tests with information on 
health insurance were attributable to, respectively, the 
women and men with statutory health insurance. We 
estimated that 34.3% of all CT tests performed among 
statutorily insured persons in Germany were reported 
to the CT laboratory sentinel. These estimates varied 
by federal state from 4.4% in Baden-Wurttemberg to 
60.9% in Thuringia (Table 3). The coverage was 34.6 for 
CT tests among women and 28.7% for CT tests among 
men (Table 3).

Regional distribution
The number of reported CT tests with information on 
the three-digit postal code for the entire period per 
100,000 of the population varied by region between 
141 and 14,901 (Figure 1). Based on information on 
the catchment areas provided from laboratories that 
did not report information on postal code, ca 50% 

of CT tests with missing postal codes would be from 
Saxony, around 40% from the western part of the coun-
try (Bremen, Lower Saxony, North Rhine-Westphalia, 
Hesse, Rhineland-Palatinate, Saarland and Baden-
Württemberg) and the rest from Berlin.

CT testing
Of the total of 3,877,588 reported CT tests for the period 
2008 to 2014, 92.8% (3,599,821) were done in women 
and 6.6% (255,634) in men. Among women with infor-
mation on age (3,595,447), the most frequently tested 
age groups were women aged 20–24 years, and among 
men (252,285) those aged 25–29 years, followed by 
those aged 20–24 years and 30–34 years. The propor-
tion of CT tests by age group among men and women 
are reported in Figure 2.

Reason for testing in women
Among CT tests in women with information on the rea-
son for testing, 41.9% were attributable to screening 
in pregnancy, 26.9% to screening of women under 25 
years of age and 28.7% to diagnostic tests (Figure 2).

Tested material in men
Among CT tests in men with information on tested 
specimen, 49.0% were unspecified swabs, 32.5% 
urine, 5.3% urethral, 3.1% rectal and 1.9% pharyngeal 
swabs. In 8.2% of tests, other materials were tested.

Proportion of positive tests
Among tests with valid test results (n = 3,827,792), 
3.9% (95% confidence interval (CI): 3.9–4.0) of tests 
among women and 11.0% (95% CI: 10.9–11.2) of tests 
among men were positive. PPT varied by federal state 
from 3.0% in Saarland to 6.8% in Mecklenburg-Western 
Pomerania among women and 9.0% in Saarland to 
17.0% in Mecklenburg-Western Pomerania among men.

The PPT among women differed by reason for test-
ing and age (Figure 3). Overall, the highest PPT 
was observed among women aged 15–19 years and 
20–24 years (Figure 3). The PPT when screening 
women under 25 years was 4.9% in 15–19 and 5.0% in 
20–24 year-olds. While screening tests in pregnancy 
and diagnostic testing revealed, respectively, a PPT 
of 10.0% and 9.0% among 15–19 year-olds and 5.7% 
and 7.9% among 20–24 year-olds, PPT among pregnant 
women decreased to 2.0% among women 25–29 years 
of age and was < 1% in those 30 years and older. The 
PPT in diagnostic tests also decreased with increasing 
age (Figure 3).

Among men, the highest PPT was observed among the 
age groups 20–24 years (19.2%), 15–19 years (15.4%) 
and 25–29 years (14.8%). The PPT among women and 
men decreased with age (Figure 3).

Among men, the PPT was higher in rectal (12.3%) and in 
unspecified swabs (13.4%) (Figure 4).

Figure 4
Proportion of positive Chlamydia trachomatis tests with 
95% confidence intervals among men, by tested material, 
Germany, 2008–14 (n = 174,346)
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Discussion
We established a CT laboratory sentinel in Germany 
that electronically collects data that are routinely avail-
able in laboratories on performed CT tests; the CT labo-
ratory sentinel serves as a surveillance system. In the 
period from 2008 to 2014, we reached good coverage 
and collected a large number of samples representing 
one third of all performed CT tests in Germany, together 
with epidemiological information and data on testing. 
In total, 24 laboratories reported data on a voluntary 
basis; for the majority of the data, we had information 
for a complete time period (January 2008 to December 
2014). Completeness of the five mandatory variables 
was more than 99%, while completeness of the eight 
optional variables varied by laboratory and variable.

We estimate that we have collected 34% of all CT tests 
of individuals with statutory health insurance in the CT 
laboratory sentinel. This was possible because we were 
able to recruit some very large laboratories. Although 
this estimate is based on data from 2011 and 2012, we 

assume that we have reached at least the same cov-
erage in the following years 2013 and 2014. We also 
assume that the coverage of CT tests from individuals 
with private health insurance was similar. The coverage 
was slightly better for statutorily insured women than 
men. The reason for this is unclear. One possible expla-
nation may be that statutorily insured men are being 
tested at specialist HIV centres or at centres targeting 
men who have sex with men (MSM), and that these 
centres might be cooperating with local laboratories 
not included in the sentinel.

We were able to collect data from samples from all over 
Germany. Baden-Wurttemberg contributed the lowest 
number of reported CT tests per 100,000 population 
and also reached the lowest coverage compared with 
the other federal states. A substantial proportion of 
the CT tests with missing information on postal codes 
was reported from one laboratory with a catchment 
area in Baden-Wurttemberg, Hesse and Rhineland-
Palatinate. We therefore assume that the geographical 

Table 1
Number of reported Chlamydia trachomatis tests, proportion of tests in women, data reporting period, catchment area and 
patient traceability period by laboratory, Germany 2008–2014 (n = 3,877,588)

Laboratory
Reported 
CT tests 

na

Tests in 
Women  

%

Reporting period (number of CT tests) Patient traceability 
period2008 2009 2010 2011 2012 2013 2014

1 1,629,040 98.0 78,770 183,085 211,571 244,480 268,823 309,423 332,888 Partly
2 450,368 93.0 49,184 59,628 66,939 63,678 63,383 70,182 77,374 Complete
3 342,929 91.1 41,451 51,327 51,190 50,430 48,649 50,946 48,936 Complete
4 268,248 86.2 15,821 33,004 34,360 39,379 47,893 47,990 49,801 Partly
5 200,204 90.4 15,366 27,885 29,839 29,859 31,142 33,842 32,271 Complete
6 132,726 92.4 ND ND ND ND ND 282 132,444 Partly
7 126,170 96.6 2,609 19,884 19,836 20,892 21,919 21,663 19,367 Complete
8 95,022 74.0 8,964 10,618 11,548 12,336 14,261 15,805 21,490 Complete
9 92,824 80.2 12,162 12,882 11,529 11,746 11,998 15,684 16,823 Partly
10 83,715 92.3 8,338 11,924 12,025 12,973 12,282 13,236 12,937 Complete
11 64,806 94.9 ND ND ND ND ND 29,906 34,900 Patient number missing
12 64,133 96.6 7,705 8,449 8,894 8,937 9,482 10,118 10,548 Complete
13 59,098 99.9 5,834 14,592 15,013 14,583 9,076 Complete
14 51,755 90.7 6,524 7,371 7,128 7,857 7,715 7,460 7,700 Complete
15 49,839 84.1 3,219 7,594 7,452 7,533 7,162 7,926 8,953 Complete
16 45,708 94.7 ND ND ND ND 15,816 14,951 14,941 Partly
17 39,969 70.3 ND ND ND ND 64 20,017 19,888 Complete
18 29,573 90.9 ND ND ND 7,849 7,296 7,251 7,177 Partly
19 28,636 32.9 3,569 3,541 3,549 3,849 4,573 4,782 4,773 Complete
20 12,398 63.9 1,587 1,437 1,411 1,769 1,822 2,065 2,307 Complete
21 8,105 66.8 766 895 995 1,198 1,053 1,260 1,938 Complete
22 1,590 69.7 ND ND ND 422 397 391 380 Partly
23 564 97.2 ND ND ND 554 10 ND ND Patient number missing
24 168 92.3 ND ND ND ND 168 ND ND Complete
Total 3,877,588 92.8 261,869 454,116 493,279 540,324 584,984 685,180 857,836 

CT: Chlamydia trachomatis; ND: no data reported. 
a Laboratories sorted by number of reported CT tests.
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distribution of tested persons in these federal states 
or neighbouring areas is better than that estimated 
based on the postal codes. To obtain better regional 
data and better coverage of the CT tests from men, we 
are recruiting further laboratories for participation. An 
update of the laboratory mapping exercise would be 
desirable to indicate further potential laboratories cov-
ering Baden-Wurttemberg that were not reached in the 
first mapping.

In several laboratories, the number of performed CT 
test has increased over the years. Based on informa-
tion provided from laboratories, a substantial part of 
the observed increase can be attributed to merging 
or expansion of the laboratories. However, we are not 
able to quantify this. We believe that there has been a 
real increase in CT testing activity in Germany. Further 
analysis of the statutory insurance registry can clarify 
if the number of performed CT tests has risen since 
2008.

The majority of the reported CT tests were from women, 
as CT screening is offered to women under 25 years of 
age and pregnant women. Women aged 20–24 years 
were by far the most frequently tested age group, fol-
lowed by women aged 25–34 years. Men aged 20–34 
years were most frequently tested compared with other 
age groups. We also observed the highest PPT in age 
groups with the highest test frequency. PPT among 
both men and women was high among tests from 
younger people and decreased with age. In order to 
analyse the PPT variation by region further, sociode-
mographic information is necessary.

We observed the highest PPT among women and 
men aged 15–24 years, which is similar to several 

population-based studies in Europe [12-14,22-28]. 
National chlamydia testing data with information on 
denominator from England and Norway report PPT of, 
respectively, 7.8% and 11.5% among 15–24 year-old 
women and of 10.0% and 17.1% among 15–24 year-old 
men [27,28]. Opportunities for testing free of charge, 
especially for men, are scarce in Germany, comparison 
with England and Norway [27,28]. This impacts testing 
rates, the groups tested and the PPT.

The PPT was high among very young women screened 
during pregnancy (these data include also CT tests 
before abortion). This might be explained by a young 
age at first sexual intercourse, which several studies 
have linked to having more partners, more diverse 
sexual experiences, less frequent use of condoms, and 
increased risk for bacterial STI, pregnancy and abortion 
[29]. The PPT among CT tests in pregnancy decreased 
with increasing age and was less than 1% among 
women older than 30 years. Our data suggest that it 
is more rational to screen younger pregnant women, 
especially those under 25 years of age, than older ones. 
Furthermore, it is likely that with the given PPT in older 
pregnant women, some tests may be false positive 
and will lead to unnecessary treatment. With the cur-
rent data collected in the laboratory sentinel, we can-
not determine what proportion of positive CT tests can 
be explained by risk behaviour, such as new or multi-
ple sexual partners, other STI or history of sex work. 
Testing groups with higher prevalence is more effective 
in terms of detection rate. Age- and risk behaviour-
indicated screening in pregnancy in Germany instead 
of screening of all pregnant women should be further 
discussed. A cost–benefit analysis taking into account 
estimates of age-specific adverse health outcomes in 

Table 2
Number of Chlamydia trachomatis records with information on collected variables, and number and proportion of records 
with unknown, missing or implausible information, Germany, 2008–2014 (n = 3,877,588)

Variable Type of variable
Available Unknown, missing or unplausible

n n %
Sample number Mandatory 3,877,588 0 0.0
Patient number Mandatory 3,877,588 0 0.0
Test result Mandatory 3,856,972 20,616 0.5
Sex Mandatory 3,855,455 22,133 0.6
Year of birth Mandatory 3,859,684 17,904 0.5
Month of birth Optional 3,313,251 564,337 17.0
Three-digit postal codea Optional 3,220,557 657,031 20.4
Date of sampling Optional 776,349 3,101,239 80.0
Test reason Optional 3,496,011 381,577 9.8
Pregnancy status Optional 2,954,620 922,968 23.8
Tested material Optional 3,378,347 499,241 12.9
Method of testing Optional 2,126,643 1,750,945 45.2
Health insurance status Optional 1,207,750 2,669,838 68.9

a For 3,097,980 records (96.2%), patient three-digit postal codes were reported, and for 122,577 records (3.8%), postal codes of practitioners 
were reported.
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pregnancy due to chlamydia infection would facilitate 
these discussions.

PPT was higher in men than in women also when com-
paring only diagnostic CT tests. This was not unex-
pected, as we only reported on CT tests performed 
among men presenting with symptoms. The PPT in rec-
tal swabs compared with urethral samples was high. 
Therefore we believe that a substantial proportion of 
positive CT tests among men might be attributable to 
MSM. Although almost half of the samples tested were 
unspecified swabs, we believe based on the PPT that 
a substantial proportion can be attributable to rectal 
swabs. Among MSM screened for STI in Germany, a CT 
prevalence of 9.4% (95% CI: 7.1–12.0) has been previ-
ously reported [30].

The majority of countries in the European Union and 
European Economic Area have a system for reporting 
and monitoring diagnosed CT cases at the population 
level [31]. These are however limited to infections that 
have been diagnosed and reported. The CT detection 
rates are influenced by populations tested and testing 
volume [31]. The CT laboratory sentinel provides infor-
mation on both positive and negative test results which 
allows us to calculate the PPT and monitor it over time.

The limitations of this study are that the laboratories 
did not have an equal chance to be included in the sen-
tinel, as we were selecting laboratories based on the 
interest to participate, number of performed CT tests 

and catchment area. There may be other large labora-
tories that were not reached in the mapping phase [21] 
and thus not considered for the laboratory sentinel. 
Although we evaluated our data for coverage at least 
once per year and selected for recruitment additional 
laboratories with catchment areas in regions under-
represented in the sentinel, we could not obtain an 
even coverage in all regions. Few laboratories reported 
the optional variables, which could have resulted in 
a selection bias in these data. However, owing to the 
large number of reported CT tests, analyses describing 
these variables are still possible. Efforts are continu-
ing to improve completeness of the optional variables. 
We are unable to collect more detailed epidemiological 
information such as route of transmission and symp-
toms through the CT laboratory sentinel. Usually, 
laboratories in Germany have only very limited epide-
miological information and there is no legal basis to 
collect these data. Laboratories that have more infor-
mation need to treat this information confidentially.

Conclusion
The implementation of our CT laboratory sentinel has 
shown that it is feasible in Germany to collect, elec-
tronically and continuously, readily available data from 
laboratories with a reasonable effort that can for now 
be used instead of mandatory surveillance. We man-
aged to collect a large amount of data from all regions 
in Germany that represented around one third of all 
performed CT tests. In contrast to mandatory surveil-
lance, the CT laboratory sentinel collects information 

Table 3
Proportion of Chlamydia trachomatis tests from men and women with statutory health insurance (n = 2,964,346), collected 
in the Chlamydia trachomatis laboratory sentinel, by federal state, Germany, 2011–12 (n = 1,016,231)

Federal state (total populationa) 
Proportion of CT tests collected through the sentinel (%)

Women Men Unknown Total 
Baden-Wurttemberg (n = 10,786,227) 4.3 6.3 18.4 4.4
Bavaria (n = 12,595,891) 29.6 16.1 19.2 28.9
Berlin (n = 3,501,872) 57.9 53.2 177 57.3
Brandenburg (n = 2,495,635) 37.2 8.8 3.5 35.7
Bremen (n = 661,301) 12.2 1.9 0.0 11.5
Hamburg (n = 1,798,836) 15.3 2.4 0.7 13.5
Hesse (n = 6,092,126) 19.7 22.9 44.6 20.0
Lower Saxony (n = 7,913,502) 24.7 12.2 1.4 23.8
Mecklenburg-Western Pomerania (n = 1,634,734) 53.9 25.9 17.7 52.4
North Rhine-Westphalia (n = 17,841,956) 39.6 34.9 66.4 39.4
Rhineland-Palatinate (n = 3,999,117) 29.8 18.9 1170 29.5
Saarland (n = 1,013,352) 19.6 8.8 90.5 19.0
Saxony (n = 4,137,051) 27.7 35.4 49.0 28.4
Saxony-Anhalt (n = 2,313,280) 36.1 6.9 1.4 33.8
Schleswig-Holstein (n = 2,837,641) 22.6 3.3 5.5 21.1
Thuringia (n = 2,221,222) 60.1 82.6 41.5 60.9
Total 34.6 28.7 177.3 34.3 

CT: Chlamydia trachomatis. 
a Population by federal state in 2011 (Source: German Federal Statistical Office).
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on all performed CT tests which allows analysis of PPT 
over time. In addition, regularly conducted population-
based prevalence surveys, although costly, could help 
determine the true prevalence of CT infection in the 
population and evaluate prevention strategies.

A large PPT among young men and women and low 
awareness of CT in Germany [32] support the need 
for further prevention efforts. The CT laboratory sen-
tinel should continue to collect data and expand the 
base of participating laboratories in order to monitor 
and describe CT infection in Germany and guide pub-
lic health strategies. The participating laboratories 
should be continuously evaluated and the coverage 
and representation of different groups tested should 
be improved.
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Abstract

Background: Infection with Chlamydia trachomatis (Ct) is the most commonly reported sexually transmitted
infection in Europe. In Germany, Ct screening is offered free of charge to pregnant women since 1995 and to
women < 25 years of age since 2008. For symptomatic individuals, testing is covered by statutory health insurance.
Study results have shown that repeat Ct infection occurs in 10–20% of previously infected women and men. Our
aim was to describe persons tested for Ct and to investigate the determinants of (repeat) Ct infection in women
and men in Germany.

Methods: We analysed Ct test results from men and women tested between 2008 and 2014 in laboratories
participating in the German Chlamydia trachomatis Laboratory Sentinel surveillance. Reinfection was defined as at
least 2 positive laboratory tests within more than 30 days. We performed logistic regression stratified by sex and, for
women, reason for testing to determine the effect of previous test results and age group on subsequent test
results.

Results: In total, 2,574,635 Ct tests could be attributed to 1,815,494 women and 123,033 men. 5% of women and
14% of men tested positive at least once. 15–19- and 20–24-year-old women tested positive at least once
respectively in 6.8 and 6.0%, while men respectively in 16.6 and 21.2%. Altogether, 23.1% of tested women and 11.9%
of tested men were tested repeatedly between 2008 and 2014. Among those who previously tested positive,
reinfection occurred in 2.0% of women and 6.6% of men. Likelihood to be tested Ct positive was higher in women and
men with a positive Ct test in the past compared to previously tested Ct negative, odds ratios 4.7 and 2.6 (p < 0.01)
respectively. Odds ratios ranged by age group and test reason.

Conclusion: A history of Ct infection increased the likelihood of infection with Ct in women and men taking into
account the result of the previous test. Health education, safer sex and treatment of partners are necessary for women
and men who have tested positive to prevent reinfection and complications and to interrupt the chain of transmission.
To identify potential reinfection repeat testing after treatment should be performed.
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Background
Infection with Chlamydia trachomatis (Ct) is the most
commonly reported sexually transmitted infection (STI)
in Europe [1]. According to data of the European Center
for Disease prevention and control (ECDC), young
people are particularly affected, with two-thirds (67%) of
the 384,555 reported cases in 2013 diagnosed amongst
15 to 24-year-olds [2]. This is however strongly influ-
enced by testing practices in reporting countries [2]. In
contrast to other STIs, Ct infection is very common in
the general population with prevalence ranging from 3.0
to 5.3% among women 18–26-years old and 2.4–7.3%
among men 18–26 years old [3]. Population-based esti-
mations for Germany showed prevalence of 4.4% for
sexually active 17-year-olds, 4.5% for 18- to 19-year-old
women and 4.9% for 25- to 29-year-old men [4]. Overall,
women aged 20 to 24 years are the group most frequently
diagnosed with Ct [5, 6]. The most consistent risk factors
associated with Ct infection in other studies are young age
and a high number of sexual partners [5, 7–9].
Ct causes infection in the lower genital tract. Un-

treated infected women may suffer from ascending in-
fection, which can lead to complications such as chronic
pain, inflammation and occlusion of the fallopian tubes,
which may result in infertility and ectopic pregnancy
[10, 11]. Ct increases the susceptibility and transmission
of HIV-infection [12]. The infection is asymptomatic in
up to 50% of women and 80% of men or may only display
mild symptoms. Therefore, Ct infection often remains
unnoticed and undiagnosed, and thus untreated [13].
Because of the considerable burden of Ct infection

and its sequelae, particularly in young women, many
countries have implemented Ct-related public health ac-
tivities to enhance detection and to prevent negative
consequences by treating infected individuals as soon as
possible. Approximately half of the European countries
offer opportunistic testing as a measure for Ct control.
Only a few countries have a systematic approach with
standard guidance for treatment and repeated testing
[14]; however, there are guidelines on the management
of Ct infection available for Europe [15]. Germany pub-
lished a guideline in 2016 to enable optimal diagnostics
and therapy of Ct [16]. In Germany, opportunistic
screening has been offered free of charge for statutory
insured pregnant women since 1995 and once annually
for statutory insured sexually active women under 25 years
of age since 2008. Currently, tests for men are refunded
by statutory health insurance if carried out for diagnostic
purposes, i.e. suspect infection based on symptoms or
anamnesis. There is no screening program for men in
Germany. There are no regulations for the contract
tracing in Germany and usually it is performed. With
the aim of gathering representative data on Ct tests, the
Robert Koch-Institute (RKI) established a voluntary

nationwide, laboratory-based Ct surveillance system, the
‘Ct laboratory sentinel’, in 2010 that accompanied the im-
plementation of the Ct screening programme for women
under 25 years old. Information on routine Ct-testing in
combination with test results, reason for testing and
patient-related information were collected from 24 micro-
biological laboratories in Germany offering Ct-diagnostics.
The Ct laboratory sentinel covers 34% of all Ct tests per-
formed in Germany. Study results based on the sentinel
data found an overall positive result rate of 3.9% amongst
women and 11.0% amongst men of all age groups [17].
Reinfection with Ct is possible and increases the likelihood
of complications and future acquisition and transmission
of the disease [18]. Based on international studies it was
estimated that 13.9% of women and 11.3% of men have
repeatedly been infected with Ct [19, 20] .
The association of previous infections, age and test

reason on reinfection have not yet been analysed yet in
Germany. The main aims of this study were to gather
evidence on whether current infection was more frequent
in women and men who had tested positive previously
compared to those who had tested negative previously
and, furthermore, to identify whether the age group and,
for women, the reason for testing, along with previous test
results, influences the result of a subsequent test. Our
findings will contribute to identify special risk groups for
Ct who are in need of health education and to generate
evidence for targeted Ct testing programmes.

Methods
The study population was composed of women and men
who were tested for Ct in Germany between January 1,
2008 and December 31, 2014 and whose assays were
tested in one of the laboratories participating in the Ct
Laboratory Sentinel that provided traceable patient-IDs
for a minimum of 3 years. The patient-IDs consisted of
an encrypted 32-digit hash code. If patients were tested
more than once within the same laboratory, data from
several samples could be assigned by this unique identi-
fier to one patient [16].
The following variables were used for analysis: patient-ID,

assay-ID, laboratory code, testing date, age, sex, test result
and test reason.
If information on sex or age was missing for some of

the assays with the same patient-ID, the missing values
were replaced by the information on sex and birth date
available from the other assays. If sex was missing in all
assays with the same patient-ID, these assays were
excluded from analysis.
Multiple assays with the same patient-ID that were

examined on the same day or within 7 consecutive days
were considered as only one test. In this case, the test
result was recorded as positive if at least one assay tested
positive and recorded as negative if all assays were
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negative. The decision to summarize multiple assays was
based on information regarding the time difference be-
tween the date when the sample was taken (available for
26% of all assays in the sample) and the date of testing.
Assays taken the same day by the physician were tested
within 7 days. Thus, multiple assays (such as vaginal and
rectal swabs) belonging to the same test-event might
have been tested in the laboratory on different days.
Assays with missing information on the test result

were excluded from analysis. Assays with missing infor-
mation on age group or reason for testing were kept in
the analysis.
The nucleic acid amplification test (NAAT) that is pre-

dominantly used in Germany for Ct testing is very sensi-
tive and can still be detected 3 weeks after therapy even
though the pathogen is no longer vital [21, 22]. Thus,
we included only those tests with a time interval of at
least 30 days from the preceding test in the analysis. Re-
infection was consequently defined as at least 2 positive
laboratory tests within a time interval of more than
30 days, following the definition of Brunham et al. [23]
and the European Guideline for the management of Ct
which recommends a test of cure 4 weeks after comple-
tion of therapy [15].
We described the number and proportions of per-

formed Ct tests, the number of tested persons and the
number of tests per person by sex, age group, reason for
testing and test result. Among repeat testers we calculated
median time between Ct tests by initial and subsequent
test result. “Initial test result” is defined as the first Ct test
that we have captured in the sentinel, however, this might
not be the first test of the individual.
We tested the association between the variables previ-

ous test result and age group and the outcome variable
test result by using logistic regression. Because of the
large sample size a p-value less than alpha = 0.01 was
considered significant in all calculations. We included
only tests from women and men at least 15 years old.
Separate models were calculated for men and women,
and for women, the analysis was additionally stratified
according to the reason for testing. The persons tested
only once in the surveillance period contribute to the
calculation of the proportion tested positive. To include
these persons into regression analysis, we defined the
variable previous test result as “unknown” as this group
is mixture of those previously never tested and those
tested positive or negative. The stratified univariable
analysis was compared to the results of a multivariable
logistic regression model. We tested improved goodness
of fit by using likelihood ratio tests (LRTs), and we calcu-
lated odds ratios (OR), probabilities (Pr), and the accord-
ing 99% confidence intervals. Including the interaction in
a model with two variables means that every combination
of age group and previous test result was estimated

separately. Since the result is a single odds it can directly
be transformed into a probability (P =O/(O + 1)). We
chose to present the probabilities, since for most people
this is the more familiar measure. This implied that the
probability of a positive test result had to be estimated
separately in all strata. The data were extracted from an
SQL dataset and analysed using STATA 14.

Results
Study population
General characteristics of Ct testing in Germany
During 2008–2014, 3,877,589 Ct tests were reported. Of
those, 2,574,635 tests were analysed, including 2,429,942
in women and 144,693 in men (Fig. 1). These tests could
be attributed to 1,815,494 women and 123,033 men. The
median age at the first Ct test was 26 years in women
(IQR: 22–32) and 33 years (IQR: 25–43) in men. Note
that this might not be the first test of the individual. In
women, most tests (45.0%) were performed because of
screening in pregnancy, followed by screening under
25 years (27.9%) and diagnostic testing (27.2%). The
median age at the time of the first positive test was
22 years for women (IQR: 19–25) and 28 years for men
(IQR: 23–36). Number of Ct tests and proportion of
positive Ct tests by reason of testing and age group
among women and men is given in Table 1.
Altogether, 23.1% (n = 420,220) of tested women and

11.9% (n = 14,680) of tested men were tested more than
once during the 7-year-surveillance period. Most of
those were tested twice (69.5% of women and 73.6% of
men). While 20.1 and 10.4% of women and 16.4 and
10.0% of men were tested 3 and 4 or more times,
respectively.
Amongst women and men tested more than once

13.6% (n = 57,133) and 34.6% (n = 5073) respectively had
at least one positive Ct test. In women and men, the me-
dian time until the date of the subsequent test was
shorter if the previous test was positive (Table 2).
Overall, in 0.5% (n = 8369) of women and in 0.8%

(n = 963) of men in all the tested men and women re-
infection was detected. Amongst repeatedly tested
women and men, reinfection was detected in 2.0 and
6.6%, respectively. The median time from the first to
the second positive test (reinfection) was 4.2 months
in women (IQR: 2.1–13.0) and 6.7 months in men
(IQR: 2.3–16.6).

Uni- and multivariable analysis
In the univariable logistic regression, the variables age
group and previous test result were significantly associated
with a positive result in a subsequent test (for detailed re-
sults of univariable analysis for women see Additional file
1: Table S1). A multivariable logistic regression model in-
cluding the variables age group and previous test result

Lang et al. BMC Infectious Diseases  (2018) 18:424 Page 3 of 10



3,877,589 assays
from 24 laboratories

2,698,537 assays
from 16 laboratories

2,695,119 assays

2,677,147 assays

2,632,506 assays

2,624,376 tests

2,611,453 tests

2,574,635 testing events,
attributable to 1,815,494 women

and 123,033 men

Assays from 8 laboratories where
assays were not traceable for at least 3 

years by patient-ID; N=1,179,052 

Assays with same patient-ID and
variation of sex and/or birthdate; 

N=3,418

Assays where information on sex was 
missing in all the assays with same 

patient-ID ; N=17,972

Assays with missing test results; 
N=12,923

Multiple assays with same patient-ID 
analyzed on 1 day; N=44,641

Multiple assays with same patient-ID 
analysed within 7 days were considered 

as same testing event ; N=8,130,  

Multiple tests with same patient-ID 
analyzed within 30 days were 

considered as confirmation tests 
belonging to previous testing event, 

N=36,818

Ct-tests included Ct-test excluded

Fig. 1 Flowchart of sample selection

Table 1 Number of Ct tests and proportion of positive Ct tests by reason of testing and age group among women and men,
2008–2014, n = 2,574,635

Women Men

Number (Proportion in %) Proportion Ct positive in % Number (Proportion in %) Proportion Ct positive in %

Tests

Total 2,429,942 (100) 4.0 144,693 (100) 12.4

Reason for testing (tests)

Screening under 25 years 571,054 (23.5) 5.0 n. a. n. a.

Screening in pregnancy 920,133 (37.9) 2.5 n. a. n. a.

Diagnostic testing 555,853 (22.9) 4.6 144,693 (100) 12.4

Unknown 382,902 (15.8) 5.1 n. a. n. a.

Age group (tests)

0–15 years 13,106 (0.5) 3.4 1048 (0.7) 3.0

15–19 years 342,892 (14.1) 6.8 6634 (4.6) 16.6

20–24 years 736,040 (30.3) 6.0 24,545 (17.0) 21.2

25–29 years 494,432 (20.4) 3.3 24,924 (17.2) 17.1

30–34 years 445,559 (18.3) 1.6 21,165 (14.6) 12.1

35–39 years 238,306 (9.8) 1.2 17,211 (11.9) 9.3

40+ years 157,824 (6.5) 1.3 46,868 (32.6) 5.7

Unknown 1783 (0.1) 5.1 2298 (1.6) 7.7
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showed that their interaction had a significant effect (Like-
lihood-Ratio-Test: p < 0.01). In regard to the probability of
a positive test result, a similar result was reported in
women for each test reason. Women and men of all age
groups who had previously tested positive showed a
higher probability of testing positive compared to their
peers who had previously tested negative. The estimated
probabilities for women and men are shown in Table 3 and
Figs. 2, 3 and 4. A different presentation of the results for
women and men in odds ratios can be found in Additional
file 2: Figure S1 and Additional file 3: Figure S2.
In women who were tested in the frame of screening

programmes (Table 3, Fig. 2), the probability to test
positive generally decreased with increasing age. The
proportion of previously positive pregnant women test-
ing positive again was highest amongst the 15–19 and

20–24-year-olds. However, the difference in regard to the
previous test result was most pronounced in pregnant
women in older age groups. Previously positive tested
women aged 35–39 years were 21.1 times and women
aged 40+ 20.5 times more likely to test positive compared
to their previously negative tested peers.
Amongst diagnostic tests the probability to test posi-

tive was highest in the age groups 15–19 and 20–24 years
in women who had previously tested positive. Overall,
the probability to test positive decreased with increasing
age, regardless of the previous test result. We observed a
slight increase in the probability of a positive test result
in the group of previously positive 35- to 39-year-olds.
The difference between women who had previously
tested positive and their previously negative tested
peers was most pronounced in the age groups 35–39
and 40+ years (OR: 7.1 and 5.4, respectively).
The probability to test positive in men (Table 3, Fig. 4)

was highest amongst 15–19 and 20- to 24-year-olds who
had previously tested positive. The probability to test posi-
tive decreased with increasing age; however, amongst men
who had previously tested positive, we observed a slight
increase in the age group 40+. The difference between
previously positive and previously negative tested men
was most distinct in the age groups 35–39 and 40+ years
(OR: 2.6 and 2.8, respectively).

Table 2 Median time interval until subsequent test in women and
men stratified by previous test result, 2008–2014, n= 1,074,430

Time interval until
subsequent test

Women Men

Median time
in months (IQR)

Median time
in months (IQR)

Negative test 15.5 (IQR: 9.4–25.6) 7.4 (IQR: 3.1–15.2)

Positive test 3.0 (IQR: 1.7–8.9) 2.8 (IQR: 1.5–8.1).

Table 3 Probability (Pr) of positive test result by previous test result and age group among women according to reason for testing
and men, 2008–2014

Previous test
result

Age group,
years

Pr to test positive in % (99%-CI)

Women Men

Screening under 25 years Screening in pregnancy Diagnostic testing All tests

Negative 15–19 4.3 (4.1–4.6) 6.5 (6.0–8.1) 5.3 (4.8–5.8) 9.2 (5.9–14.1)

20–24 3.4 (3.2–3.5) 3.0 (2.9–3.4) 4.6 (4.3–4.9) 10.7 (9.0–12.6)

25–29 – 1.1 (1.0–1.3) 3.1 (2.9–3.4) 9.5 (8.0–11.2)

30–34 – 0.4 (0.4–0.5) 1.6 (1.4–1.9) 7.8 (6.5–9.3)

35–39 – 0.3 (0.2–0.4) 1.2 (1.0–1.5) 6.4 (5.2–7.9)

40+ – 0.3 (0.1–0.6) 1.1 (0.9–1.3) 5.5 (4.8–6.3)

Positive 15–19 12.6 (11.3–14.0) 28.4 (34.3–45.7) 16.8 (15.7–18.1) 18.6 (12.7–26.4)

20–24 9.8 (9.1–10.4) 18.5 (20.6–24.9) 12.7 (12.0–13.4) 19.2 (16.7–22.0)

25–29 – 10.4 (10.0–13.3 10.1 (9.2–11.0) 16.6 (14.3–19.3)

30–34 – 7.9 (6.8–10.8) 7.1 (6.0–8.4) 16.4 (13.8–19.5)

35–39 – 6.4 (4.3–10.7) 8.8 (6.9–11.0) 15.4 (12.3–19.1)

40+ – 5.9 (2.3–17.2) 5.9 (4.3–8.1) 16.9 (14.7–19.4)

Unknown 15–19 4.9 (4.7–5.0) 9.7 (10.2–11.3) 8.1 (7.7–8.4) 16.9 (15.7–18.2)

20–24 5.7 (5.6–5.8) 5.8 (6.0–6.4) 8.3 (8.0–8.6) 22.3 (21.6–23.1)

25–29 – 2.2 (2.1–2.3) 5.1 (5.0–5.3) 18.0 (17.3–18.7)

30–34 – 1.1 (1.0–1.1) 2.9 (2.7–3.0) 12.4 (11.8–13.1)

35–39 – 0.7 (0.6–0.8) 1.9 (1.8–2.1) 9.4 (8.8–10.1)

40+ – 0.6 (0.5–0.8) 1.6 (1.5–1.7) 6.1 (5.8–6.4)
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Discussion
To our best knowledge, this was the first German study
using a comparably large dataset of routine Ct tests to
examine the likelihood of infection while taking into
account the result of the previous test.
The likelihood of being diagnosed with Ct differed

based on the reason for testing and age in women. In
particular, young pregnant women who had a history of
Ct infection were at a high risk to test positive. As in
Germany the mean age of women at the time of the birth

of their first child was 29.3 years in 2015 [26], it is possible
that many pregnancies in the age group 15–19 years were
unwanted and screening for Ct has been carried out in the
context of an abortion and can be related to behaviour
with higher risk to acquire a STI as discussed before [17].
The proportion of positive tests was considerably

higher in men compared to women.
This can be explained by the fact that men are usually

tested because of symptoms or anamnestic reasons. Fur-
thermore, past analysis of the Ct laboratory sentinel showed
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that a substantial proportion of tested material is rectal
swabs [27] . Based on previous national and international
studies, it is known that the proportion of positive tests is
higher among MSM than heterosexual men [13, 29]. This
aspect might have influenced the data we observe.
Less than one fourth of all tested women and men

were tested repeatedly during the study period. Because
screening for women < 25 years of age should be per-
formed annually, and women can also be tested because
of screening in pregnancy and for diagnostic reasons, we
expected higher proportion of repeatedly tested women.
The small proportion of repeatedly tested women suggests
that screening programmes might not be sufficiently im-
plemented in Germany yet. To tackle insufficient coverage
of the existing screening programs, the Federal Agency for
Health Education (BZgA) designed an information cam-
paign and information materials on chlamydia screening
for physicians and attendees of medical praxes, in addition
to an ongoing poster campaign on STIs and correspond-
ing symptoms [28].
In all age groups and regardless of the reason for test-

ing, women and men with prior Ct infection had a high
probability to be tested positive for Ct (women: Pr:
5.9–28.4%, men: Pr: 15.4–19.2%). The probability of re-
infection varied substantially among women by age and
test reason with highest probabilities in young women,
especially if tested within screening in pregnancy. Stud-
ies have shown that early first intercourse was associ-
ated with subsequent sexual risk behavior [9, 24] which
also leads to a higher probability of acquiring an STI.
We observed less age-related variation for reinfection
among men, though younger men had a higher prob-
ability for reinfection. We believe that this might be
related to a mixed population of men in our data set.

The group that repeatedly tested positive might be
more at risk of infection, for example HIV positive
MSM. Bacterial STI are more common in HIV positive
MSM [13, 30]. However, we lack data in current study
to analyse this in more detail. Additionally, the detection
rate of STI, especially asymptomatic infections, among
men frequently accessing testing might be higher.
Currently, evidence remains insufficient to recommend

routine Ct-screening for all sexually active young men in
Germany, partially because men rarely develop sequelae
[31]. Nonetheless, the benefit of a screening programme for
high-risk populations of men has been supported, for
example Gift et al. found that Ct-screening programme
targeting high-risk men was cost-saving compared to
programme expanding screening of lower-risk women [32].
Interestingly, previously positive tested women and

men in the older age groups showed the highest odds ra-
tios to test positive; women especially when screened in
pregnancy. This finding could indicate that these women
and men aged 30 years and older with repeat infection,
may represent a small group with ongoing sexual risk
behavior that is thus more likely to contract repeat infec-
tion than their previously negative tested peers. Neverthe-
less, the absolute risk differences (in percent points)
between previously positive and previously negative tested
women and men by age group are much higher in the
young age groups. The increased probability of infection
for women and men with a history of Ct infection has been
found by several other studies. In a study population of
adolescent girls, Batteiger et al. found that incident Ct
infections occurred in 78.1% of participants with infections
at baseline compared to 51.7% of participants without in-
fection at baseline [33]. The results of Dunne et al. showed
a 1.2-fold risk for men with previous Ct infection amongst
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men screened for Ct infection [34], whereas Rietmejer et
al. found a 2.4-fold increased risk of reinfection for women
and men with Ct infection at baseline amongst female and
male patients of an STI clinic [25]. However, because of
wide variations amongst the definitions of reinfection, the
study designs and the composition of study populations, it
is difficult to compare these numbers directly to our
results.
Untreated infections of current partners and unpro-

tected sex with new partners contribute to repeated in-
fections [17, 35]. Although treatment with antibiotics is
highly effective [33], a small proportion of alleged reinfec-
tion might be ongoing infections after treatment failure or
insufficient adherence to treatment. Several studies have
shown that persons with prior Ct infection were at a high
risk of reinfection [9, 20, 25, 33, 34]. However, a link
between previously diagnosed and treated Ct infections
and the development of immunity against Ct has also
been discussed [23].
The testing interval was considerably shorter if a previ-

ous Ct test was positive. A median time to repeat testing
after a positive test result of approximately 3 months
might indicate compliance to European guideline that rec-
ommends repeat testing in women and men < 25 years of
age within 3 to 6 months after a positive Ct test result
[15]. Additionally, test of cure is recommended for preg-
nant women, if symptoms persist, if non-compliance is
suspected or if second- and third-line treatments have
been used [15]. However, the median time to the reinfec-
tion depends largely on the testing patterns and cannot
directly be related to the natural history of infection.
The relatively small proportion of persons with re-

infection we found in our whole sample was likely a
consequence of the small proportion of repeatedly tested
persons in our sample. While among those tested
repeatedly during the study period, the reinfection was
observed in 2% of women and 6.5% of men. The median
time to reinfection was 4.2 month in women and
6.7 months in men. Similar to our results, studies from the
United States and Australia have found a median time to
reinfection of 5.2 months amongst 19-year-old women [29]
and of 4.6 months amongst women aged 16 to 25 years
[9]. The treatment failure can still be observed 7–8 weeks
after antibiotic treatment. Therefore, it is important to be
able to distinguishing between actual reinfection with Ct
and treatment failure [36]. As we have no information on
treatment and detailed follow up data, we cannot distin-
guish between treatment failure and reinfection. Therefore,
our approach to define a reinfection as each infection that
occurs after a 30 days period is sensitive and potentially
misclassifies those with treatment failure. In a sensitivity
analysis, where we defined a reinfection as a subsequent
positive test occurring after 42 days, we observed a reinfec-
tion in 1.9% (instead of 2.0%) of repeatedly tested women

and in 6.4% (instead of 6.6%) of repeatedly tested men.
With this approach, it is probable that some of the true
reinfections are misclassified treatment failures.

Limitations
First, because several samples of a person only received
the same patient-ID if tested in the same laboratory, the
true number and proportion of reinfection in the study
population may have been underestimated. If samples of
one person were sent to different laboratories, e.g., be-
cause someone changed physician or the physician chan-
ged the diagnosing laboratory, these persons were either
lost to follow-up or their tests were sampled in the Ct
laboratory sentinel again, but with a new patient-ID. How-
ever, we expect that the proportion of previously tested
persons having received a new patient-ID represents only
a small fraction of the analysed tests.
Another limitation is that the Ct laboratory sentinel

dataset offers no information on whether a person who
tested positive received therapy and whether the treat-
ment was successful. Thus, ongoing Ct-infections due to
non-compliance or treatment failure could have been
falsely classified as reinfection in this study. Further-
more, there is no information on behavioural factors that
may influence the likelihood to be tested positive.
Finally, the Ct Laboratory Sentinel data might lack

representativeness for the target population in Germany,
even though the sentinel generally reached a good cover-
age in the period 2008–2014 and it was possible to
collect a large number of samples representing one third
of all performed Ct tests in Germany [17]. Still, the par-
ticipation of laboratories was voluntary and it is unclear
whether participating laboratories differed systematically
from the non-participating laboratories, e. g. in terms of
tested population. Data from the laboratories with con-
tinuous follow-up for at least 3 years used in current
analysis did not substantially differ from rest of the par-
ticipating laboratories regarding distribution of sex, age
and proportion tested positive.

Conclusions
We describe how history of Ct infection increased the
likelihood of infection with Ct in women and men, tak-
ing into account age and reason for testing (in women).
This helps to identify groups in need of health education
and generates evidence for a more targeted testing
strategy.
The high proportion of positive tests and of reinfection

found amongst men supports risk-based screening of
sexually active young men. However, future studies must
determine all potential risk factors and identify the
categories of transmission in men to identify for which
group Ct screening is most beneficial.
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We recommend that women and men who have been
diagnosed positive with Ct should be consulted on pre-
vention, symptoms and possible consequences of Ct
infection to avoid reinfection.
To identify potential reinfection – and persisting infec-

tion – repeat testing after treatment should be performed.
To increase the number of those getting tested, preventive
measures for young women and men like awareness cam-
paigns on Ct infection and testing opportunities as well as
sex education in schools should be implemented. Till
now, preventional campaigns for Ct in Germany do not
address a higher risk for infection of persons who were
tested positive before specifically. On basis of our data, we
recommend to adjust the respective materials to
emphasize this. Awareness about Ct infection, increased
risk of reinfection for person tested Ct positive before, and
adaequate screening should also be raised amongst physi-
cians and gynaecologists to enhance the coverage of the
screening programmes. Further studies are necessary to
examine whether these measures show the desired effect.
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Abstract

Background: The widespread antimicrobial resistance of Neisseria gonorrhoeae is a serious problem for the
treatment and control of gonorrhoea. Many of the previously effective therapeutic agents are no longer viable.
Because N. gonorrhoeae infections are not reportable in Germany, only limited data on disease epidemiology and
antimicrobial susceptibility patterns are available. The Gonococcal Resistance Network (GORENET) is a surveillance
project to monitor trends in the antimicrobial susceptibility of N. gonorrhoeae in Germany in order to guide
treatment algorithms and target future prevention strategies.

Methods: Between April 2014 and December 2015, data on patient-related information were collected from
laboratories nationwide, and susceptibility testing was performed on 537 N. gonorrhoeae isolates forwarded from
the network laboratories to the Conciliar Laboratory for gonococci. Susceptibility results for cefixime, ceftriaxone,
azithromycin, ciprofloxacin and penicillin were defined according to EUCAST 4.0 standards. Percentages, medians
and interquartile ranges (IQR) were calculated.

Results: Altogether, 90% of isolates were from men. The median age was 32 (IQR 25–44) years for men and 25
(IQR 22–40) years for women (p-value < 0.001). The most frequently tested materials among men were urethral
(96.1%) and rectal swabs (1.7%), and among women, it was mainly endocervical and vaginal swabs (84.3%). None
of the isolates were resistant to ceftriaxone. Furthermore, 1.9% (in 2014) and 1.4% (in 2015) of the isolates were
resistant to cefixime, 11.9% and 9.8% showed resistance against azithromycin, 72.0% and 58.3% were resistant to
ciprofloxacin, and 29.1% and 18.8% were resistant to penicillin.

Conclusions: Resistance to ceftriaxone was not detected, and the percentage of isolates with resistance to
cefixime was low, whereas azithromycin resistance showed high levels during the observation period. The rates
of ciprofloxacin resistance and penicillin resistance were very high across Germany. Continued surveillance of
antimicrobial drug susceptibilities for N. gonorrhoeae remains highly important to ensure efficient disease management.
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Background
The worldwide development of antimicrobial resistance
in Neisseria gonorrhoeae is a serious problem for the
treatment and control of gonorrhoea. Treatment oppor-
tunities are dramatically limited because many of the
previously recommended therapeutic agents are no lon-
ger effective.
The World Health Organization (WHO) [1], the

Centers for Disease Control and Prevention (CDC) [2],
and the European Centre for Disease Prevention and
Control (ECDC) [3] have called for action to confine the
spread of multidrug-resistant N. gonorrhoeae by enhan-
cing the surveillance system of N. gonorrhoeae suscepti-
bility testing and by strengthening laboratory capacities
to perform culture and antimicrobial resistance testing.
Representative coverage of collected data, unified N.
gonorrhoeae susceptibility testing methods and interpret-
ation standards are of great importance [4–6].
Extended spectrum cephalosporins (ESCs) are the last

agents effective against N. gonorrhoeae. However, resist-
ance to ESCs is increasingly common [7–13], causing
concern that the efficacy of this substance group could
expire in the near future [5–10]. Due to the worldwide
rising resistance of N. gonorrhoeae against cefixime in
recent years, the treatment guidelines needed to be
changed accordingly. Thus, cefixime is no longer recom-
mended as first-line therapy in many countries [14–16]
and new therapy guidelines and action plans have been
developed to keep gonorrhoea a treatable disease. In
2014 the German STI Society implemented new therapy
guidelines for Germany. These guidelines recommend
the use of the ESC ceftriaxone (1000 mg single dose i.m.
or i.v.), now in combination with azithromycin as dual
therapy (1.5 g single dose p.o.), as the first-line treatment
[17]. The use of cefixime (800 mg single dose p.o.)
should be reserved for cases where parenteral treatment
is not possible and ideally after susceptibility testing.
Because gonorrhoea is not a notifiable disease in

Germany, only very limited data about epidemiology and
antimicrobial resistance against N. gonorrhoeae are
available. Furthermore, no standard operating proce-
dures or unified protocols for N. gonorrhoeae suscepti-
bility testing have been established in Germany. To
date, information about N. gonorrhoeae susceptibility
can be derived from several cross-sectional, regionally
limited studies [18–21] through the German antibiotic
resistance surveillance programme (ARS) and 100–120
isolates submitted to Euro-GASP yearly through the
Consiliary Laboratory (CL) for gonococci [22]. Within
this Euro-GASP collection, isolates resistant against
ceftriaxone (MIC >0.125 mg/L) have been observed in
Germany. Resistance against ceftriaxone was shown by
6.5% (n = 7) of all German Euro-GASP isolates in 2011,
while in the following years 2012–2014, one isolate per

year (1%) could be identified with ceftriaxone resistance.
Cefixime resistance (MIC >0.125 mg/L) in German Euro-
GASP isolates ranged between 5.7% and 12.9% (n = 13,
11.9% in 2010; n = 11, 10.2% in 2011; n = 6, 5.7% in 2012;
n = 13, 12.9% in 2013) [22]. In 2014, there was no detec-
tion of cefixime-resistant isolates in Euro-GASP.
To implement continuous routine data collection on

epidemiology and antimicrobial susceptibility testing for
N. gonorrhoeae in German laboratories (aim 1) and to
collect isolates for testing in the German CL for gono-
cocci with unified methodology (aim 2), we set up a N.
gonorrhoeae resistance network (GORENET).
We analysed the data and isolates collected through

GORENET in 2014 and 2015 to guide treatment algo-
rithms and targeted prevention strategies in Germany.

Methods
To characterise laboratories testing for N. gonorrhoeae
in Germany and indicate laboratories for recruitment,
we performed a cross-sectional survey between June and
August 2013, as described previously [23]. From the
laboratories that expressed an interest in participating,
we recruited private and hospital laboratories for
GORENET, prioritizing those with a wider catchment
area and a higher number of N. gonorrhoeae tests per
quarter. The laboratories in Germany have no prede-
fined catchment areas, and practitioners are free to
choose laboratories for cooperation. For a better geo-
graphical coverage of the data, we strove to recruit
laboratories from all regions in Germany and laborator-
ies that use any gradient Etest for N. gonorrhoeae
susceptibility testing, at least for azithromycin, ceftriax-
one and cefixime. Participation was voluntary, and
there was no financial compensation for laboratories to
participate in the study. The data collection protocol
was confirmed by the data protection officer at the
Robert Koch Institute (RKI), Berlin. Additional approval
from an ethics committee was deemed to be unnecessary.

Continuous routine data collection
From GORENET network laboratories, continuous
routine data on all samples tested for N. gonorrhoeae
antimicrobial susceptibility were collected between
April 2014 and December 2015. The network laborator-
ies submitted data to the RKI (further labelled as sam-
ples). The collected data included sample identification
number, information on test results, sampled material
(urethral swab, urine, vaginal swab, cervical swab, rectal
swab, pharyngeal swab, and other material), date of
sampling, date of testing, district code, gender and year
of birth. If the district code of the patient was not
available, we used the code of the laboratory instead.
Based on the year of birth, we calculated the person’s
age at the time of sampling. If the date of testing was
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not available, we used the date when the isolate was
received in the CL.
Data were transmitted electronically to the RKI.

Laboratories entered the data either in an online ques-
tionnaire (VOXCO Command Center 3) or in a prefor-
matted Excel spreadsheet (.xls). Data on N. gonorrhoeae
susceptibility from laboratories willing to participate in
GORENET but already submitting their susceptibility data
(including data on a wide range of other agents) to the
German Antibiotic Resistance Surveillance Programme
(ARS) were extracted from the ARS database. We per-
formed plausibility checks on all reported data.
Based on the district codes, we described the geo-

graphical distribution of the samples tested for N.
gonorrhoeae antimicrobial susceptibility. Each district
code or respective 3-digit postal code corresponded to
one district in Germany. We used samples tested for
susceptibility from participating laboratories to describe
tested persons by gender, age, sampled material and
treating specialist. Susceptibility results from participating
laboratories are used for national surveillance, but not
presented in this paper.
An overview of the analysis of samples tested for

N. gonorrhoeae susceptibility in network laboratories
is given in Table 1.

Isolate collection and susceptibility testing
The network laboratories were asked to send N.
gonorrhoeae isolates from the samples tested for anti-
microbial susceptibility between April 2014 and December
2015 to the CL for extended and comparative susceptibility
testing (further labelled as isolates). There were no criteria
used to preselect isolates that should be sent to CL.
The sample identification number was used to link iso-
lates to samples. For all received isolates, we confirmed
N. gonorrhoeae by using a combination of culture on
non-selective agar medium, rapid oxidase production
assays and determining the presence of Gram-negative
diplococci using microscopy and the Phadebact Monoclo-
nal GC OMNI Test (Pharmacia Diagnostics, Piscataway,
NJ, USA). Susceptibility testing was performed and

MIC were detected by using Etest (bioMérieux SA,
Marcy-l’Étoile, France) according to the manufacturer’s
instructions for ceftriaxone, cefixime, azithromycin, peni-
cillin and ciprofloxacin. To define resistance, we used the
criteria of the European Committee on Antimicrobial Sus-
ceptibility Testing EUCAST 4.0 (2014) [24]. The presence
of beta-lactamase enzyme production, which provides
high-level resistance to penicillins, was detected by using
the nitrocefin test (BBL DrySlide™, Becton, Dickinson, NJ,
USA). Isolates testing positive for beta-lactamase were de-
fined as penicillinase-producing N. gonorrhoeae (PPNG).
The working stock of N. gonorrhoeae isolates was

stored at −80 °C. N. gonorrhoeae strains ATCC 49226
and WHO-reference strains G, K, M, O and P were used
with each batch of Etest as quality controls [25]. Ceftri-
axone and cefixime were tested twice when the MIC was
≥0.125 mg/L. Isolates tested in the CL were characterized
by their resistance patterns.
An overview of the analysis of isolates tested in CL is

given in Table 1. Note that a direct comparison of his-
torical German data with current GORENET data was
not possible because different methods for isolate col-
lection were in place before GORENET was rolled out
and the geographical coverage was different.
For categorical variables we calculated percentages

and, for continuous variables, medians together with
interquartile ranges (IQR) were determined. Percentages
were compared by Chi-squared or Fisher’s exact tests,
and medians were compared with the Wilcoxon-Mann-
Whitney test, where applicable. The Kruskal-Wallis test
was used to compare continuous variables between
more than two categories. Significance level was set at
a p-value < 0.05.

Results
Of the 100 laboratories that were interested in partici-
pating in GORENET, 31 were selected for recruitment,
and 23 agreed and reported data to GORENET. The
reasons for declining participation in GORENET were
not using the Etest for N. gonorrhoeae susceptibility

Table 1 Isolates tested for susceptibility in network laboratories and in CL, number of laboratories and isolates included in analysis
and description of performed analysis for each data source

Number of
laboratories

Number of samples or isolates In manuscript
referred as

Performed analysis

Total 2014 2015

Samples tested for N. gonorrhoeae
susceptibility in network laboratories

23 1654 727 927 Samples Geographical, age and gender
distribution. Sampled material
and treating specialist

Isolates tested in CL 16 537 261 276 Isolates Susceptibility for ceftriaxone,
cefixime, azithromycin, penicillin
and ciprofloxacin. Presence of
beta-lactamases
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testing (n = 5) and too much time and effort needed for
participation (n = 3).

Continuous routine data collection
Twenty-three participating laboratories reported to the
RKI in total 1654 N. gonorrhoeae samples tested for sus-
ceptibility. Of them, 727 were collected from April to
December 2014, and 927 were collected from January to
December 2015. Overview of the reported samples is
given in Table 1.
The number of reported samples varied between 2

and 305 per laboratory, with a median of 43 samples
(IQR 24–86). In total 47.1% of the samples were reported
by three laboratories, which provided information on 209

(in Hamburg), 265 (in Berlin) and 305 (in North Rhine-
Westphalia) samples, respectively.
The number of reported N. gonorrhoeae samples

varied by administrative district between 1 and 209
(Fig. 1). The three laboratories submitting the majority
of the data were located in the areas with >50 samples.
Central and northern Germany were represented

equally. Data from southern Germany mostly originated
from the larger cities.
Overall, 90.0% of samples tested for susceptibility in

network laboratories were from men; 9.5% were from
women and in nine samples, information on gender
was not available. The median age of tested men and
women was 33 (IQR 25–44) and 27 (IQR 22–40)
years respectively (p-value < 0.001). The distribution of

Fig. 1 Distribution of N. gonorrhoeae samples by district in Germany. One thousand, six hundred and fifty-four samples from April 2014 to December
2015 (1366 defined by district code of the patient, 288 defined by district code of the laboratory). Map developed with RegioGraph Software
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N. gonorrhoeae susceptibility testing by age group and
gender is displayed in Fig. 2.
Most tested samples from men were from urethral

(96.1%) and rectal swabs (1.7%), while among women
samples came from predominately endocervical or vagi-
nal swabs (84.3%). Most of the samples tested from
men were ordered by urologists (74.4%) and from
women by gynaecologists (79.7%). Distribution by gen-
der (p-value = 0.25), age (p-value = 0.28 for men and p-
value = 0.87 for women), tested material (p-value = 0.15
for men and p-value = 0.07 for women) and ordering
specialist (p-value = 0.63 for men and p-value = 0.73 for
women) did not differ between the years 2014 and 2015.

Isolate collection and susceptibility testing
From the recruited 23 laboratories submitting informa-
tion on samples tested for N. gonorrhoeae susceptibility,
16 sent isolates to the CL. We received 261 viable iso-
lates collected between April and December 2014 and
276 viable isolates collected between January and De-
cember 2015. It was determined that 91.4% of isolates
were from men, 8.4% were from women, and for one of
the samples the gender was unspecified. The median age
was 33 (IQR 26–43) for isolates from men and 28 (IQR
23–41) for isolates from women. These 537 isolates were
tested for susceptibility in the CL. An Overview of the
isolates tested in CL is given in Table 1. The results of
the AMR testing of all isolates are summarized in
Table 2. The percentage of resistant, intermediate and
susceptible isolates did not significantly differ by age or
gender.
No resistance to ceftriaxone (MIC >0.125 mg/L) was

detected in 2014 or 2015 (Fig. 3). In 2014, two isolates
showed MICs at the estimated breakpoint of 0.125 mg/
L. One of these isolates displayed further resistance to
cefixime, azithromycin and ciprofloxacin and showed an
intermediate test result to penicillin (isolate 1, Table 3).

Another isolate displayed resistance to ciprofloxacin
and penicillin, while it was intermediate to azithromy-
cin and had a MIC value at the breakpoint for cefixime
(isolate 10, Table 3).
Altogether, 1.9% (n = 5) in 2014 and 1.4% (n = 4) in 2015

of the isolates displayed resistance (MIC >0.125 mg/L) to
cefixime. The majority of isolates (62.5% in 2014 and
77.9% in 2015) showed low MICs of ≤0.016 mg/L to
cefixime (Fig. 4). In 2014, 3.8% (n = 10) and in 2015,
1.4% (n = 4) of the isolates had a MIC of 0.125 mg/L at
the estimated breakpoint.
All isolates with resistance to cefixime displayed re-

sistance to ciprofloxacin. Three of the nine cefixime-
resistant strains also showed resistance to azithromycin.
No cefixime-resistant strain was susceptible to penicil-
lin (3 resistant, 6 intermediate).
One cefixime-resistant isolate (MIC 0.25 mg/L) dis-

played additional resistance against azithromycin and
ciprofloxacin, intermediate susceptibility against penicil-
lin and showed reduced susceptibility to ceftriaxone at
the breakpoint of MIC 0.125 mg/L (isolate 1, Table 3).
All isolates displaying resistance to cefixime were from

men.
A total of 11.9% (2014) and 9.8% (2015) of the isolates

showed resistance against azithromycin (MIC >0.5 mg/L).
In addition, there was a high percentage of N. gonorrhoeae
strains with intermediate susceptibility (33.7% in 2014 and
28.3% in 2015) and the MIC distribution of the susceptible
strains appeared closer to intermediate breakpoint (MIC
>0.38 mg/L) (Fig. 5). The MICs of resistant strains were
mostly low and showed a distribution concentrating
around the breakpoint (MIC >0.5 mg/L).
In 2015, one isolate displayed high-level resistance to

azithromycin (MIC >256 mg/L). This isolate also
showed high-level resistance to penicillin and resist-
ance to ciprofloxacin, but was susceptible to ceftriax-
one and cefixime.

Fig. 2 N. gonorrhoeae samples tested in participating laboratories, by age group and gender, n = 1642
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The percentage of strains with resistance to ciprofloxa-
cin (MIC >0.06 mg/L) was 72.0% in 2014 and 58.3% in
2015 (Table 2).
Overall, 29.1% of the isolates in 2014 and 18.8% in

2015 displayed resistance to penicillin. In addition, there
was a very high rate of intermediate N. gonorrhoeae
strains (Table 2).
Nitrocefin testing for the detection of beta-lactamase

activity in N. gonorrhoeae was performed in 83.5%
(n = 218) of isolates in 2014. All 276 isolates (100%)
were tested for beta-lactamase activity in 2015. High-
level plasmid-mediated resistance against penicillin
(penicillinase producing N. gonorrhoeae, PPNG) was
found in 25% of all tested strains in 2014 and in 14%
of the strains in 2015.

Discussion
Using GORENET we aimed at two targets concerning
gonococcal infections: data collection on disease epi-
demiology and monitoring of resistance patterns with
unified methodology.
We were able to implement a nationwide data collec-

tion of all performed N. gonorrhoeae susceptibility test-
ing in the participating laboratories. Routine data

collection on all performed N. gonorrhoeae susceptibility
tests together with epidemiological information, like
age and gender, was not in place until GORENET
surveillance.
Before starting GORENET, the CL collected isolates

from a range of laboratories. This pre-existing network
was expanded within GORENET, and the number of
collected isolates increased substantially.
We were able to set up electronic data collection for

all samples tested for N. gonorrhoeae susceptibility in the
participating laboratories. Timely transmitted data are a
good tool for monitoring N. gonorrhoeae susceptibility
dynamics. Due to data protection issues, the collected
epidemiological information was limited and important
information, such as data regarding the transmission
route, therapeutic regimen and therapeutic success,
could not be gathered.
We reached a relatively even geographical representa-

tion of all regions, but the coverage in central and
southern Germany should be increased further.
In routine data collection from the network labora-

tories, we found that over 90% of all samples tested for
N. gonorrhoeae susceptibility were from men, similar to
several other European countries [22]. This percentage

Table 2 Number and percentage of N. gonorrhoeae isolates testing susceptible, intermediate and resistant against cefixime,
ceftriaxone, azithromycin, penicillin and ciprofloxacin, n = 261 for year 2014 and n = 276 for year 2015, *p-value < 0.05

Susceptible Intermediate Resistant

Number (percentage, %) Number (percentage, %) Number (percentage, %)

2014 2015 2014 2015 2014 2015

Cefixime 256 (98.1) 272 (98.6) ∕ ∕ 5 (1.9) 4 (1.4)

Ceftriaxone 261 (100) 276 (100) ∕ ∕ 0 (0) 0 (0)

Azithromycin 142 (54.4) 171 (62.0) 88 (33.7) 78 (28.3) 31 (11.9) 27 (9.8)

Ciprofloxacin* 73 (28.0) 114 (41.3) 0 (0) 1 (0.4) 188 (72.0) 161 (58.3)

Penicillin* 27 (10.3) 40 (14.5) 158 (60.5) 184 (66.7) 76 (29.1) 52 (18.8)

Fig. 3 Distribution of minimum inhibitory concentrations for ceftriaxone, n = 261 for year 2014 and n = 276 for year 2015
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was 84% in previous studies in Germany [15], and we
can assume that at least half of all isolates from men
are attributable to men having sex with men (MSM),
comparable to other European countries [22]. Never-
theless, women might still be underrepresented in our
sample. This seems possible because men are more
often symptomatic and might therefore be tested more
often than women [14]. We aim to collect data on
transmission routes from physicians to better interpret
the collected data.
We also found that the median age of tested men was

slightly higher than that of tested women. Again, Euro-
GASP data and other previous data from Germany have
reported findings [18, 21, 22] similar to our results. In
countries that reported the risk of transmission, the pro-
portion of men aged >25 years was higher among MSM
than among heterosexual men. This might explain the
higher median age of the tested men in our sample. As
N. gonorrhoeae is not reportable in Germany, we were
not able to compare whether the N. gonorrhoeae AMR
test distribution by age corresponded to the age groups
most affected by gonorrhoea.
We exclusively analysed susceptibility data from the

CL testing because presently Germany lacks a stand-
ard operation protocol and regular quality assurance
for N. gonorrhoeae testing for all laboratories. From a
cross-sectional survey among laboratories performing
N. gonorrhoeae diagnostics we know that 55% of all la-
boratories (76% of private laboratories) are accredited
and 19% are certified [23]. However, due to the use of
different methods, standards and test panels it is
unknown if there are substantial differences in quality
of testing, and GORENET will be a useful tool for
quality assurance in the future.
Susceptibility testing in the CL enabled the monitoring

of N. gonorrhoeae antimicrobial resistance detected by a
unified methodology. Age and gender distribution of the

Table 3 Minimum inhibitory concentrations (MIC) of cefixime,
ceftriaxone, azithromycin, ciprofloxacin and penicillin for isolates
with resistance to cefixime or with MICs at the breakpoint for
resistance to cefixime (n = 24)

Minimum inhibitory concentration (MIC)

Isolate Cefixime Ceftriaxone Azithromycin Ciprofloxacin Penicillin

1 0.25 0.125 0.75 32 1

2 0.19 0.047 1 0.25 32

3 0.19 0.094 0.75 32 3

4 0.19 0.023 0.19 32 0.75

5 0.19 0.047 0.125 32 0.75

6 0.19 0.032 0.19 32 1.5

7 0.19 0.032 0.094 12 0.75

8 0.19 0.032 0.19 16 1

9 0.19 0.023 0.125 16 0.75

10 0.125 0.125 0.5 32 2

11 0.125 0.064 1 32 1

12 0.125 0.064 1 32 2

13 0.125 0.032 0.19 32 0.75

14 0.125 0.032 0.19 32 0.75

15 0.125 0.032 0.19 32 0.5

16 0.125 0.032 0.125 32 1.5

17 0.125 0.023 0.125 32 0.38

18 0.125 0.023 0.19 32 0.75

19 0.125 0.023 0.19 32 0.5

20 0.125 0.023 0.125 16 0.75

21 0.125 0.023 0.094 12 0.75

22 0.125 0.016 0.25 32 0.75

23 0.125 0.012 0.125 12 0.38

24 0.016 0.006 256 12 32

Fig. 4 Distribution of minimum inhibitory concentration for cefixime, n = 261 for year 2014 and n = 276 for year 2015
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tested isolates did not differ from all samples tested for
susceptibility in the participating laboratories.
No resistance to ceftriaxone was detected in 2014 and

2015 in isolates collected with GORENET, and only two
isolates showed MICs at the estimated breakpoint of
0.125 mg/L.
Previous German publications also did not show not-

able levels of ceftriaxone resistance or ESC resistance
[18–21] in Germany. However, within the Euro-GASP
collection, there was one exception in 2011, when 6.5%
of German strains were resistant against ceftriaxone. In
the following years 2012–2014, there were no notable
levels of ceftriaxone resistance observed [18, 21, 22] in
Germany by the Euro-GASP surveillance.
Currently, parenterally administered ceftriaxone re-

mains an effective treatment option for gonorrhoea in
Germany. Similar data have been published from surveil-
lance systems in other countries [13, 26].
The percentage of strains with resistance to cefixime

remained moderate within the GORENET (<2%), and
low MIC values were predominant. German Euro-GASP
data from 2014 correspond to this GORENET observa-
tion. In 2014 no cefixime-resistant isolate from Germany
was detected within the Euro-GASP surveillance [22].
Compared with previous German data from Euro-GASP,
this is a decrease from the years 2009–2013, when resist-
ance rates from 5.7% to 12.9% were detected [22]. The
decreasing number of strains resistant to cefixime could be
observed not only in GORENET: European Euro-GASP
data from 2014 and surveillance reports from the United
Kingdom, the United States and Canada showed the same
trend to less ESC-resistant isolates [26–29]. The decrease
in gonococcal resistance to cefixime in 2014/15 suggests
that clinicians in Germany may have avoided prescribing
this antibiotic as a first-line treatment after the new therapy
guidelines were published. However, changes in resistance

patterns develop incrementally and are usually not detected
so fast.
A presumptive explanation for this observation is the

eradication of previously undetected reservoirs [27, 30].
Especially extragenital infections, which are oftentimes
asymptomatic, difficult to culture and difficult to treat,
are a constant reservoir for the spread of gonorrhoea
[9, 30, 31]. Due to regular use of highly sensitive mo-
lecular diagnostic tests, like nucleic acid amplification
tests (NAAT), in the routine diagnostic, detection of
gonococcal infections was improved. Extragenital infec-
tions and subclinical urogenital infections are therefore
more often confirmed and can be successfully treated
[31]. The adjustment of treatment guidelines for ceftriax-
one as first-line therapy seems to provide here an additional
benefit. Sufficient treatment of these infections prevents a
selection of resistant clones and might be a reason for the
decrease of cefixime-resistant gonococci [27, 28, 30].
Molecular typing studies, performed with N. gonorrhoeae

multiantigen sequence typing (NG-MAST, http://www.ng-
mast.net) [32], showed one sequence type (ST1407), which
was the most frequently observed sequence type associated
with ESC- and multi-resistance [33–35]. Therefore, a fur-
ther reason for the decrease of cefixime resistance could be
a replacement of this multidrug-resistant N. gonorrhoeae
clone ST1407 by clones with different resistance patterns
within the infected population [27]. This could be an effect
of the sufficient treatment or, as the Euro-GASP authors
pointed out, be caused by impaired reinfection with the
same clone due to a partial immunity and needs to be
evaluated by future typing studies [27]. Additional moni-
toring and a molecular typing study within GORENET in
the next years are therefore intended.
Multidrug resistance was not detected regularly in

GORENET. Only one cefixime-resistant isolate displayed
further resistance to azithromycin and ciprofloxacin,

Fig. 5 Distribution of minimum inhibitory concentration for azithromycin, n = 261 for year 2014 and n = 276 for year 2015
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intermediate susceptibility to penicillin and a reduced sus-
ceptibility to ceftriaxone at the breakpoint MIC of
0.125 mg/L. Nevertheless, the combination of resistances
is particularly alarming and should be monitored further.
A high prevalence of resistance was detected for azi-

thromycin. Although we observed mostly resistance near
the breakpoint (MIC >0.5 mg/L), this trend is concern-
ing. In addition, there was a high rate of intermediate N.
gonorrhoeae strains: 40–45% of the strains were not fully
susceptible to azithromycin. Germany’s data from previ-
ous years [22] shows that the level of azithromycin re-
sistance was mostly under 5%. The first-line use of
azithromycin is very common in STI treatment regimes,
especially as a syndromic treatment before or without
confirmation of the pathogenic agent. This might ex-
plain the increase in azithromycin resistance in the last
several years, but data on prescriptions in Germany are
not published.
In 2015, we detected the first case of a high-level azi-

thromycin resistant N. gonorrhoeae strain in Germany,
with a MIC >256 mg/L. This isolate was susceptible to
ceftriaxone and cefixime but showed high-level resist-
ance to penicillin and resistance to ciprofloxacin. As ris-
ing resistance rates to azithromycin are increasingly
observed globally [22, 26] and high-level azithromycin
resistance is reported worldwide [35–43], azithromycin
is not suitable for first-line treatment. If azithromycin is
used as a single-drug treatment in cases of severe peni-
cillin/cephalosporin anaphylaxis, susceptibility testing
prior to treatment should be performed.
According to current treatment guidelines, dual therapy

with ceftriaxone and azithromycin is recommended, using
two antimicrobial agents with different mechanisms of ac-
tion [5, 44]. Currently, there is no alternative to this dual
treatment regime. Ultimately, we will need to discuss
whether we have to abandon dual therapy with azithromy-
cin if the trend of increasing azithromycin resistance re-
mains in the years to come [9, 45].
The resistance rates to ciprofloxacin were constantly

high in Germany, although a drop was detectable in the
surveillance period. A high prevalence of resistance to
ciprofloxacin has also been found in Europe and world-
wide since the late 1990s [22]. The drug is therefore not
recommended for therapeutic use in Germany.
Resistance to penicillin has been prevalent for many

decades worldwide. Nearly 25% of all isolates displayed
resistance to penicillin and an additional 64% showed
intermediate susceptibility in the GORENET surveillance
data. Accordingly, approximately 90% of the strains were
not fully susceptible to penicillin in Germany. High-level
plasmid-mediated resistance to penicillin was also regu-
larly observed but decreased within the surveillance
period from 25.9% to 14%, an observation that requires
further monitoring.

We have several limitations in our data. First, within
the GORENET data collection scheme, we were unable
to collect more detailed epidemiological information,
such as the risk of transmission, special symptoms,
therapy strategies and treatment success rates. Usually,
laboratories in Germany have very limited epidemio-
logical information available, provided by the physicians
in charge, and need to treat these data confidentially due
to strict data-protection regulations.
Second, our data analysis was limited by the small

number of isolates collected compared to the overall
population of Germany.
Third, we cannot exclude selection bias in our data,

because we recruited laboratories based on their catch-
ment area, number of tested N. gonorrhoeae samples
and use of the Etest from a pool of laboratories that
expressed an interest to participate. However, with se-
lected and established network laboratories, which for-
warded all of their received isolates, we diminished a
collection bias from laboratories being more prone to
submit isolates with interesting resistance patterns.

Conclusions
Using GORENET, we were able to implement a nation-
wide collection of all performed N. gonorrhoeae suscepti-
bility data in the participating laboratories and increase
the number of collected isolates retested at the CL for
confirmation and quality assurance. The majority of sus-
ceptibility tests are performed among young men. More
detailed epidemiological information would be beneficial.
The resistance rate to ceftriaxone remains low in

Germany. Therefore, ceftriaxone is still an appropriate
treatment for gonorrhoea at present. In 2014 and 2015,
we found low resistance rates for cefixime in Germany.
However, this needs further monitoring. Resistance to
azithromycin is common and should continue to be
monitored in the future. Except for a small decrease in
AMR towards ciprofloxacin and penicillin, no substantial
changes in the susceptibility patterns between 2014 and
2015 could be detected.
In conclusion, GORENET as a gonococcal antimicro-

bial surveillance in Germany is highly needed. Current
data and ongoing collection of data will be used to up-
date national treatment guidelines and, if necessary, im-
plementation of future prevention measures.
To continue to monitor N. gonorrhoeae susceptibility,

particularly against ESC and azithromycin, the yearly
number of isolates tested in the CL should be substan-
tially increased. Molecular surveillance of the circulating
strains is important for monitoring the current situation,
the evolving resistances and the transmission networks.
Surveillance of susceptibility is essential to ensure

efficient patient management and keep gonorrhoea a
treatable disease.
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