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1. ZUSAMMENFASSUNG DER PUBLIKATIONSPROMOTION

1.1. ABSTRACT

1.1.1. ABSTRACT DEUTSCH

HINTERGRUND
Die beiden Surveys ,Bundes-Gesundheitssurvey 1998' (BGS98) flr die erwachsene Be-

volkerung sowie ,Gesundheit von Kindern und Jugendlichen in Deutschland’ (KiGGS-
Basiserhebung, 2003-2006) waren die ersten reprasentativen Gesundheitssurveys fur
das wiedervereinigte Deutschland. Die Surveys umfassten unter anderem Interviews,
medizinische Untersuchungen und Blutprobenabnahmen. Bisher waren keine reprasen-
tativen serologischen Daten zur Verbreitung von Humanen Papillomviren (HPV) und Zy-
tomegalievirus (CMV) vorhanden. Ziel der vorliegenden Arbeit war es, die aus diesen
zwei Gesundheitssurveys noch verfligbaren Blutproben zu nutzen und auf Antikérper
gegen verschiedene HPV-Typen sowie auf CMV-Antikdrper zu testen. Uber die Ermitt-
lung der Seropositivitat als Proxy einer bisherigen kumulativen Exposition gegentuber
dem jeweiligen Erreger sollten darauf aufbauend Seropréavalenzen berechnet und Risi-

kofaktoren identifiziert werden.

METHODEN
Die vorhandenen Rickstellproben wurden am Deutschen Krebsforschungszentrum mit-

tels eines eigens entwickelten Multiplex-Assays auf verschiedene HPV- und auf CMV-
Antikorper (nur BGS98-Proben) getestet. Dartiber hinaus wurde auch auf weitere sexu-
ell Gbertragbare Infektionserreger (STI; Mycoplasma genitalium, Herpes simplex Virus
2, und Chlamydia trachomatis) getestet. Die 19 HPV-Typen umfassten verschiedene
kutane, mukosale und fur die Karzinomentwicklung verantwortliche Hochrisikotypen
(HPV-HR). Hieraus wurden Geschlechts- und Alters-stratifizierte Seropravalenzen be-
rechnet und mittels Regressionsanalysen Risikofaktoren von HPV- und CMV-Seroposi-

tivitat ermittelt.

ERGEBNISSE
Von 18.774 getesteten Proben wiesen 6,7% (95%-Konfidenzintervall (Kl): 6,0—7,4) der

Erwachsenen und 2,6% (95%-KI: 2,2—3,0) der Kinder und Jugendlichen Antikérper ge-
gen HPV-HR-Typ 16 auf. Insgesamt 28% (95%-KI: 26—29) der Erwachsenen und 13%

(95%-KI: 12—-14) der Kinder und Jugendlichen waren positiv flir mindestens einen der
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zehn getesteten HPV-HR-Typen. Seropravalenzen kutaner HPV-Typen variierten bei
Erwachsenen zwischen 8,7% (95%-KI: 7,8-9,6; HPV-41) und 35% (95%-KI: 33-36;
HPV-4) und bei Kindern und Jugendlichen zwischen 4,0% (95%-KI: 3,6—4,4; HPV-38)
und 32% (95%-KI: 31-33; HPV-1). Bei den Regressionsanalysen waren Seropositivitat
auf andere STIs und Anzahl bisheriger Sexualpartner*innen die starksten unabhangigen
Pradikatoren einer HPV-16-Seropositivitat bei Erwachsenen, bei Kinder und Jugendli-

chen das Alter.

Die CMV-Seropravalenz der Erwachsenen betrug 57% (95%-KI: 55-59); 48% der
Frauen im gebarfahigen Alter waren CMV-seronegativ. Unabhangige Pradikatoren einer
CMV-Seropositivitat (fir Manner und Frauen) waren Alter, Geburtsland, Rauchen,

Wohnregion, Anzahl von <18-jahrigen Haushaltsmitgliedern und Bildungsstatus.

DISKUSSION
Auf Grundlage der beiden Bevdlkerungssurveys konnten erstmalig reprasentative HPV

bzw. CMV-Seropravalenzen fir Erwachsene und insbesondere fur Kinder und Jugendli-
che geschatzt werden, welche als Proxys einer bisherigen kumulativen Exposition mit
dem jeweiligen Erreger interpretiert werden kénnen. Durch die Analyse der geschlechts-
und altersspezifischen Seropréavalenzen sowie entsprechender Risikofaktoren kénnen
die Ergebnisse den Kenntnisstand zur Verbreitung und Bedeutung von HPV und CMV
erweitern und helfen, bestehende sowie zukiinftige PraventionsmafRnahmen zu evaluie-

ren und anzupassen.

1.1.2. ABSTRACT ENGLISCH

BACKGROUND
The ‘German National Health Interview and Examination Survey 1998 (GNHIES98)’ for

the adult population and the ‘German Health Interview and Examination Survey for Chil-
dren and Adolescents (KiGGS, 2003—-2006)’ were the first representative health surveys
for Germany after the German reunification. The aim of the present study was to use
the already collected blood samples for testing for HPV and CMV antibodies. By deter-
mining seropositivity as a proxy of previous cumulative exposure to the respective path-

ogens, seroprevalences could be calculated and risk factors identified.
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METHODS
The samples were tested for 19 different HPV type antibodies and CMV antibodies

(BGS98 samples only) at the German Cancer Research Centre using an in-house de-
veloped multiplex assay. Furthermore, it was tested for antibodies against other sex-
ually transmitted infections (STI; including Mycoplasma genitalium, Herpes simplex vi-
rus type 2 and Chlamydia trachomatis). HPV types included cutaneous, mucosal and,
as causative agents of diverse carcinoma development identified high risk (HPV-HR)
types. Gender- and age-stratified seroprevalences were calculated and regression anal-

yses used to determine risk factors of HPV and CMV seropositivity.

RESULTS
18,774 samples of both surveys were tested. Seropositivity for HPV-HR-16 was 6.7%

(95% confidence interval (Cl): 6.0—7.4) for adults and 2.6% (95%CI: 2.2—3.0) for chil-
dren and adolescents. Overall 28% (95%CI: 26—29) of adults and 13% (95%CI: 12—-14)
of children and adolescents were seropositive for at least one of the HPV-HR types. Se-
roprevalence of cutaneous HPV types varied in adults between 8.7% (95%CI: 7.8-9.6;
HPV-41) and 35% (95%CI: 33—-36; HPV-4) and in children and adolescents between
4.0% (95%CI: 3,6—4,4; HPV-38) and 32% (95%CI: 31-33; HPV-1). In the regression
analyses, seropositivity for other STI and the number of previous sexual partners were
the strongest non-dependent predictors of HPV-16 seropositivity in adults, as well as

age in children.

CMV seroprevalence of adults was 57% (95%CI: 55-59). Overall 48% of women of

childbearing age were still seronegative.

DISCUSSION
Seropositivity is a useful proxy for measuring previous cumulative HPV or CMV expo-

sure. Based on two population-based health surveys, representative HPV and CMV se-
roprevalences for adults and especially for children and adolescents living in Germany
could be estimated for the first time. By analysing gender- and age-specific seropreva-
lences and corresponding risk factors, the results can expand the knowledge on the
spread of HPV and CMV in the German population and therefore, help to evaluate and

adapt existing and future prevention measures.
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1.2. EINLEITUNG

Die vorliegende Arbeit beruht auf der Nutzung von Daten und Blutproben der beiden
Studien ,Bundes-Gesundheitssurvey 1998“ (BGS98) sowie ,Studie zur Gesundheit von
Kindern und Jugendlichen in Deutschland® (KiGGS). Die beiden Bevdlkerungssurveys
wurden, neben weiteren epidemiologischen Gesundheitsstudien, im Auftrag des Bun-
desgesundheitsministeriums durchgefuhrt und sind Teil des Gesundheitsmonitorings
des Robert Koch-Instituts (RKI). Sie entsprechen einer fur die deutsche Wohnbevolke-
rung reprasentativen gesundheitlichen Momentaufnahme der Erwachsenen (BGS98)
zum Ende der 1990er sowie der Kinder und Jugendlichen (KiGGS-Basiserhebung, im
Folgenden KiGGS) zu Beginn der 2000er in Deutschland. Die BGS98-Studie war somit
die erste reprasentative Untersuchung zum Gesundheitszustand der Erwachsenenbe-
volkerung in Deutschland nach der Wiedervereinigung (1, 2). Mit den KiGGS-Daten la-
gen fur Deutschland erstmals umfassende und reprasentative Gesundheitsdaten fir

Kinder und Jugendliche vor (3).

Aus beiden Gesundheitssurveys standen von den damals gewonnenen Serumproben
sogenannte Ruckstellproben zur Verfligung, die im Rahmen der hier vorliegenden Pro-
motionsarbeit fur spezielle serologische Untersuchungen und zur Verkntpfung mit den
damals erhobenen Surveydaten genutzt werden konnten. Dazu sollten die verfligbaren
Proben vom RKI an das Deutsche Krebsforschungszentrum (DKFZ) in Heidelberg ge-
schickt und dort mittels eines eigens entwickelten Multiplex Serologie-Verfahrens simul-
tan auf Antikorper verschiedener zuvor festgelegter Erreger untersucht werden. Fokus
der vorliegenden Arbeit waren die Antikdrpernachweise von Humanen Papillomviren
(HPV) und Zytomegalievirus (CMV).

CHARAKTERISTIKA UND KRANKHEITSLAST HUMANER PAPILLOMVIREN
HPV-Infektionen zahlen zu den haufigsten sexuell Gibertragbaren Infektionen (sexually

transmitted infection; STI) weltweit. HPV gehort zu der vielseitigen Papillomaviridae Vi-
rusfamilie und umfasst mittlerweile tber 200 bekannte Typen. Diese werden nach unter-
schiedlichen Parametern unterteilt: HPV-Typen werden einerseits auf Grundlage ihrer
phylogenetischen Beziehung in verschiedene Gattungen und Spezies eingeteilt (4).
Diese umfassen drei Hauptgattungen: Alphapapillomavirus, Betapapillomavirus und
Gammapapillomavirus. Weiterhin werden HPV-Typen in unterschiedliche Tropismen

eingeteilt: 1) kutane HPV-Typen, welche Epithelzellen der Haut infizieren und 2)
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mukosale HPV-Typen, welche Epithelzellen verschiedener Schleimhaute infizieren kén-
nen. Ein drittes Einteilungsschema bezieht sich auf die potentiellen Krankheitsfolgen ei-
ner HPV-Infektion, insbesondere die Karzinogenitat. Diese bezieht sich auf ihre Rolle
als Verursacher verschiedener prakanzeroser Lasionen und Karzinome (5). Obgleich es
eine Vielzahl an unterschiedlichen HPV-Typen gibt, besitzt jedoch nur ein kleiner Anteil
karzinogene Eigenschaften, welche entsprechend, wie beispielsweise HPV-16 und

HPV-18, als Hochrisikotypen (HR-Typen) bezeichnet werden.

Die Mehrheit der HPV-Infizierten entwickelt keine Symptome, und die Infektion verlauft
transient und ist innerhalb der folgenden 12—24 Monate nicht mehr nachweisbar (6).
Wenn HPV-Infektionen mit mukosalen HR-Typen persistieren, steigt jedoch das Risiko
einer Folgeerkrankung, bzw. der Entwicklung oropharyngealer oder anogenitaler Karzi-
nome (5, 6). Es existieren aber auch weitere klinische Manifestationen einer HPV-Infek-
tion. Sogenannte Niedrig-Risiko (Low risk, LR) Typen, wie beispielsweise HPV-6 oder
HPV-11, kbnnen zu externen, meist im Anogenitalbereich vorkommenden, gutartigen
Warzen fuhren, die nicht nur bei Erwachsenen sondern auch bei Kindern diagnostiziert
werden (7). Eine weitere, jedoch selten vorkommende, durch LR-HPV-Typen ausge-
|6ste Erkrankung ist die rezidivierende respiratorische Papillomatose (RRP), welche zu
einem Auftreten zumeist gutartiger Plattenepithelpapillomen im Bereich Kehlkopf, Luft-
rohre und Lunge fuhren kann. Demgegeniber stehen kutane HPV-Typen, wie beispiels-
weise HPV-1 oder HPV-4. Kutane HPV-Typen lassen sich sowohl auf gesunder Haut
finden, als auch in Hautlasionen, welche sich beispielsweise als typische Hautwarzen
an Fiissen und Handen manifestieren (5). Uberdies wird vermutet, dass auch be-

stimmte kutane Hauttypen in die Entstehung von Hautkrebs involviert sein kbnnen (8).

Seit 2007 sind in Deutschland Impfstoffe zur Pravention der Infektionen mit bestimmten
HPV-Typen von der Standigen Impfkommission (STIKO) empfohlen. Die HPV-Impfemp-
fehlung wurde im Jahr 2018 von der bisherigen Beschrankung auf Madchen auch auf
Jungen im Alter von 9-14 Jahren ausgeweitet. Aktuell sind folgende Impfstoffe in
Deutschland verfiigbar: der bivalente HPV-Impfstoff Cervarix® (gegen die HPV-Typen:
16 und 18) und der nanovalente Impfstoff Gardasil®9 (gegen die HPV-Typen: 6, 11,
16, 18, 31, 33, 45, 52 und 58).

Die Erhebung von HPV-Antikdrpern im Rahmen von Seropréavalenzdaten kann als Maf3
lebenslanger kumulativer HPV-Exposition zu einem Uberblick iber die Verbreitung,

aber auch Uber potentielle Risikofaktoren von HPV beitragen. Gleichzeitig kbnnen
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Seropravalenzdaten im Vergleich vor und nach einer Impfeinfihrung zu einer Evalua-
tion jeweiliger Impfstrategien eingesetzt werden. In Deutschland gab es bisher jedoch
keine fur die deutsche Bevolkerung reprasentativen Daten zur Seroepidemiologie von
HPV, weder bei Erwachsenen noch bei Kindern und Jugendlichen; Studien zur letztge-

nannten Altersgruppe sind auch international rar (7, 9).

CHARAKTERISTIKA UND KRANKHEITSLAST DES ZYTOMEGALIEVIRUS
Das Zytomegalievirus gehort zur Familie der Herpesviridae und ist weltweit verbreitet.

Die CMV-Seropravalenz in der Allgemeinbevdlkerung wird weltweit auf 45-100% ge-
schatzt (10). Reprasentative CMV-Seropravalenzen fur die Bevolkerung in Deutschland
lagen bisher noch nicht vor. Einzelne Studien ergaben eine CMV-Seropravalenz bei
Blutspendern von 38% bzw. etwa 47% bei Schwangeren (11-13).

Nach einer Erstinfektion mit dem Virus bleibt die Infektion latent. Typische Ubertra-
gungswege sind der Kontakt (als Tropfchen- oder Schmierinfektion) mit CMV-kontami-
nierten Korperflissigkeiten, wie Speichel, Urin, Spermasekreten sowie bei der Blut-
transfusion. In immunkompetenten Personen verlauft eine CMV-Infektion zumeist
asymptomatisch, wahrend es bei immunsupprimierten Personen zu lebensbedrohlichen
Komplikationen fiihren kann (14). CMV gilt mittlerweile als haufigster viraler Erreger ei-
ner kongenitalen Infektion (14). Bei Kindern kann eine kongenital erworbene CMV-In-

fektion zu schwerwiegenden neurologischen Schadigungen fuhren (15).

Bislang steht kein Impfstoff gegen CMV-Infektionen zur Verfiigung, obgleich verschie-
denen Hersteller seit einigen Jahren daran forschen. Eine weitere Herausforderung be-
steht in der fehlenden Wahrnehmung innerhalb der Bevolkerung tber die Verbreitung
und Tragweite von (kongenitalen) CMV-Infektionen, vor allem unter Schwangeren bzw.
Frauen mit Kinderwunsch (16). Aquivalent zu HPV, kann auch die CMV-Seropravalenz
im Rahmen der Messung von CMV-Antikdrpern als Marker einer bisherigen CMV-Expo-
sition einen Beitrag zum Wissenstand der CMV-Verbreitung leisten. Im Vergleich zu an-
deren Landern gab es bisher jedoch auch fir CMV keine (reprasentativen) Daten zur

Seropravalenz in der Bevolkerung in Deutschland.

ZIELE UND FRAGESTELLUNGEN DER STUDIE
Das zugrundeliegende Ziel der vorliegenden Studien war es, die bereits vorhandenen

Serumproben der zwei zuvor beschrieben Bevélkerungssurveys zu nutzen, um fir die
Bevolkerung in Deutschland reprasentative Daten zur Krankheitslast von HPV und CMV

zum Zeitpunkt der Serumsprobenabnahme zu generieren.
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Das priméare Studienziel war die serologische Erhebung von Antikérpern gegeniber ver-
schiedenen HPV-Typen als Proxy einer bisher durchgemachten Infektion bei den Teil-
nehmenden (17, 18). Die Auswahl der beiden (alteren) Studien begriindet sich mit dem
jeweiligen Erhebungszeitraum, der fur HPV besonders relevant ist, da er noch vor der
Einfuhrung der HPV-Impfung lag. Somit kénnen mit Hilfe der Daten seroepidemiologi-
sche Fragestellungen in Bezug auf HPV bei der deutschen Bevdlkerung in der
Praimpfara beantwortet werden. Diese kdnnen in Zukunft mit Daten aus der Impfara
verglichen und somit als Grundlage fur eine Evaluation der HPV-Impfeinfuhrung ver-

wendet werden. Fur die hier vorliegende Arbeit wurden folgende Hauptfragen definiert:

e Wie hoch ist die Pravalenz von Antikdrpern gegen verschiedene HPV-Typen in der
deutschen Bevdlkerung? Gibt es einen Geschlechts-Unterschied der HPV-Seropré-
valenzen? Gibt es einen Alters-Unterschied der HPV-Seropravalenzen?

¢ Welche soziodemographischen und verhaltensbasierten Faktoren sind mit einer
HPV-Seropositivitat assoziiert?

Ein weiteres Ziel der Studie war es, die vorhandenen Ruckstellproben auf CMV zu tes-

ten (19), da bisher keine bevolkerungsbezogenen CMV-spezifischen Ig-Seropravalenz-

daten fur Deutschland verfugbar waren. Der serologischen Untersuchung von CMV la-
gen folgende Fragestellungen zugrunde:

e Wie hoch ist die Pravalenz von CMV-Antikorpern in der deutschen Bevolkerung?
Gibt es einen Geschlechts-Unterschied der CMV-Seropravalenz? Gibt es einen Al-
ters-Unterschied der CMV-Seropravalenz?

¢ Welche soziodemographischen und verhaltensbasierten Faktoren sind mit einer

CMV-Seropositivitat assoziiert?

1.3. MATERIAL UND METHODIK

STUDIENPOPULATIONEN
Die Studienpopulationen basieren auf zwei Langzeitstudien des RKI zur Gesundheit

von Erwachsenen (BGS98) sowie von Kindern und Jugendlichen (KIGGS) in Deutsch-
land. Der Erwachsenengesundheitssurvey BGS98 wurde im Erhebungszeitraum 1997—
1999 durchgefiihrt (1, 2). Insgesamt nahmen an dem Survey 7.124 Personen zwischen

18 und 79 Jahren aus 120 Stadten und Gemeinden aus allen Bundeslandern in
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Deutschland teil. Somit stellt BGS98 die erste reprasentative Studie zum Gesundheits-

zustand der Erwachsenenbevoélkerung im wiedervereinigten Deutschland dar.

Von 2003 bis 2006 fand die Basiserhebung von KiGGS mit insgesamt 17.641 Studien-
teilnehmenden im Alter von 0—17 Jahre statt (3). Danach erfolgten noch zwei weitere
Erhebungswellen (2009-2012 und 2014-2017). Inhalt der jeweiligen Erhebungen sind
die altersabhangigen Befragungen von Eltern und Kindern bzw. Jugendlichen. Neben
den Befragungen kommen in bestimmten Abstanden auch medizinische Untersuchun-
gen und Laboranalysen hinzu. Bei KiGGS handelt es sich zudem um eine Langzeit-Ko-
horte, da ein Teil der Kinder und Jugendlichen aus der Basiserhebung bis zum Alter von

18 Jahren in den Folgeerhebungen wiederholt untersucht wurden.

DATENSCHUTZ
Die BGS98-Studie wurde nach Vorabprifung des Bundes- und Landesbeauftragten far

den Datenschutz nach den entsprechenden allgemeinen Richtlinien durchgefiihrt. Da es
zum aktuellen Zeitpunkt der Durchfihrung der BGS98-Studie keine Regularien bezlg-
lich zustandigen Ethikkommissionen gab, liegt fir BGS98 kein Ethikvotum vor. Aller-
dings wurde ein positives Votum der Ethikkommission der Charité-Universitadtsmedizin
Berlin (Nr. EA2/047/08) fur die Folgestudie DEGS1 eingeholt. Alle Teilnehmenden von
BGS98 unterzeichneten eine schriftliche Teilnahme-Einwilligungserklarung.

Die KiGGS Studie wurde ebenfalls nach den Richtlinien der Bundes- und Landesbeauf-
tragten flr den Datenschutz durchgefiihrt und zuséatzlich von der Ethikkommission der
Charité Universitatsmedizin Berlin und dem Bundesbeauftragten fiir Datenschutz ge-
nehmigt. Sie orientierte sich durch Kontrollen zur internen und externen Qualitatssiche-
rung wahrend der Studie zudem an den Leitlinien zur Sicherung ,,Guter Epidemiologi-
scher Praxis“ der Deutschen Gesellschaft fur Epidemiologie. Die Eltern/Erziehungsbe-
rechtigten stimmten fur ihr minderjahriges Kind der Teilnahme an KiGGS (Befragung
und Untersuchung) schriftlich zu. Die Durchfihrung und Auswertung der gesamten Stu-

die wurde von einem wissenschaftlichen und ethischen Beirat Uberwacht und begleitet.

SURVEY METHODEN: SAMPLING, GEWICHTUNG UND VARIABLENAUSWAHL
Der BGS98 hatte zum Ziel, reprasentative Aussagen zum Gesundheitszustand der

deutschen Wohnbevolkerung im Alter von 18-79 Jahren in den Jahren 1997-1999 zu
treffen. Die 120 Untersuchungsorte (sample points) wurden in einer mehrfach geschich-
teten zweistufigen Zufallsstichprobe ausgewahlt. Die erste Stufe der Zufallsstichproben-

ziehung umfasste die zufallsbasierte Auswahl von Gemeinden, geschichtet nach



DISSERTATION ,SEROEPIDEMIOLOGIE VON HPV UND CMV*

Bundesland, Regierungsbezirk und GemeindegroRenklasse (BIK-Gemeindetyp). Dabei
wurde eine disproportionale Verteilung der west- und ostdeutschen Bundesléander ent-
sprechend der Struktur der damals neu vereinten Bundesrepublik ausgewéhlt. Die
zweite Stufe umfasste die Uber das Einwohnermelderegister gezogene, zufallsbasierte
Auswahl der Teilnehmenden nach Geschlecht und Alter in den jeweiligen sample
points. Der Survey umfasste unter anderem einen Befragungsbogen, ein arztliches In-
terview und die Entnahme von Blutproben. Alle Variablenkategorisierungen im Rahmen
von BGS98 finden sich in Publikation 1, Seite 35 und Publikation 2, Seite 49. Grundlage
der Auswahl der Teilnehmenden der KiGGS-Studie war, dhnlich zum zuvor beschriebe-
nen Design des BGS98, ein zweistufiges stratifiziertes Cluster Sampling Design (wei-
tere Studiendetails siehe (20)). Die 167 sample points wurden nach einem (nach Bun-
deslandern und Gemeindetypen) geschichteten Zufallsverfahren und proportional zur
Haufigkeit der Gemeindegrol3e gezogen. Auch der KIGGS-Survey umfasste unter ande-
rem einen Befragungsbogen, ein arztliches Interview und die Entnahme von Blutproben.
Die Fragebdgen wurden von den Eltern der Kinder (Alter <10 Jahre) und von den Kin-
dern selbst (Alter >10 Jahre) ausgefullt. Die Variablenkategorisierungen fur die Auswer-
tung der KiGGS-Basis-Daten finden sich in Publikation 3, Seite 72.

RUCKSTELLPROBEN UND MULITPLEX SEROLOGIE
Die der Promotionsarbeit zugrundeliegenden Daten basieren auf archivierten Serum-

proben von BGS98 und KiGGS. Fur BGS98 konnten von insgesamt 6.757 Studienteil-
nehmenden Serumproben abgenommen werden. Insgesamt 14.386 Teilnehmende der
KIGGS-Basiserhebung im Alter von 1-17 Jahren gaben eine Serumprobe ab. In Rah-
men der beiden Studien wurden nach den damaligen serologischen Untersuchungen
die noch vorhandenen Serumproben als sogenannte Ruckstellproben fur weitere Unter-
suchungen bei -40°Celsius eingefroren (21). Fir die vorliegenden Studien sollten 6.517
Ruckstellproben von BGS98 und 12.257 von KIGGS-Basiserhebung im Jahr 2016/2017
im DKFZ getestet werden. Die Auswahl der zu testenden HPV-Typen beruhte auf fol-
genden Kriterien: Public Health-Relevanz, Karzinogenitat nach Einteilung der Internatio-
nalen Agentur flr Krebsforschung (International Agency for Research on Cancer; |-
ARC), HPV assoziierte-Erkrankungen, Impfrelevanz, sowie eine méglichst breite Vertei-
lung von Gattungen und Spezies (fir kutane Typen) (siehe Promotionspublikation 2,
Anhang, Seite 57). Insgesamt wurden neun mukosale (alpha: 6, 11, 16, 18, 31, 33, 45,
52, 58) und sieben kutane (alpha: 10; beta: 8, 38, 49; gamma: 4; nu: 41; mu: 1) HPV-
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Typen einbezogen. Drei weitere mukosale Typen (35, 39, und 59) wurden zusétzlich fur

den BGS98 ausgewertet.

Die serologischen Tests wurden mittels eines am DKFZ entwickelten Glutathion-S-
Transferase (GST) Capture Immunassay mithilfe fluoreszierender Bead Technologie
durchgeflhrt, wie ausfuhrlich von Waterboer et al. beschrieben (22). Der Multiplex-As-
say kann Antikorper spezifisch fur das Kapsidprotein L1 verschiedener HPV-Typen
messen. Hierzu sind farbkodierte Beads uber Gluthation-S-Transferase mit dem ent-
sprechenden Antigen verbunden. Die Serum-Antikorper binden die Bead-gekoppelten
Antigene, welche mittels sekundarer Antikdrper detektiert werden. Ein spezielles Durch-
flusszytometer misst einerseits die Fluoreszenz, welche von den gebundenen, sekunda-
ren Antikdrpern emittiert wird. Andererseits konnen die Antikorper spezifisch fur unter-
schiedliche HPV-Typen mittels der jeweiligen markierten, gebundenen Beads unter-
schieden werden. Die Messung sekundarer Antikoérper in Form der Mittleren Fluores-
zenzintensitat (MFI) erlaubt eine Quantifizierung der HPV-spezifischen Antikérper im
Serum. Zur Berechnung der Seropositivitat wurden MFI Werte auf Grundlage eines typ-
spezifischen Grenzwerts in positiv und negativ dichotomisiert, wie ausfuhrliche bei Clif-
ford et al. beschrieben (23). Mit Hilfe dieses Verfahren wurden die folgenden MFI
Grenzwerte bestimmt: HPV-6: 571, HPV-11: 500, HPV-16: 200, HPV-18: 200, HPV-31:
712, HPV-33: 515, HPV-35: 552, HPV-39: 200, HPV-45: 368, HPV-52: 371, HPV-58:
200, HPV-59: 200. Der Grenzwert fur kutane HPV-Typen wurde bei 200 festgelegt.

Bei der CMV Serologie wurde mittels des zuvor beschriebenen Multiplex Verfahrens auf
Antikdrper spezifisch fur vier humane CMV-Proteine (pp28, pp52, pp65 and ppl50) ge-
testet. Der Seropositivitats-Grenzwert wurde fur alle vier Proteine auf eine MFI von 150
Einheiten festgelegt. Studienteilnehmende wurden als CMV-seropositiv definiert, wenn
das Signal spezifisch fur zwei oder mehr CMV-Protein spezifische Antikdrper tiber 150
MFI Einheiten lagen. Eine Validierung des CMV-spezifischen Multiplex-Assays wurde
mittels Vergleiches mit dem Enzygnost Anti-CMV/IgG Assay durchgefihrt und zeigte
sehr gute Sensitivitats- und Spezifitatswerte (24). Neben der Testung auf HPV- und
CMV-Antikorper wurde zuséatzlich auch auf Antikérper gegen andere STI (wie Myco-

plasma genitalium, Herpes simplex Virus 2, und Chlamydia trachomatis) getestet.

STATISTISCHE ANALYSEN
Um die Reprasentativitat der Ergebnisse auf nationaler Ebene gewdahrleisten zu kon-

nen, wurden Survey-spezifische Gewichtungen fur die Berechnung von
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Seropravalenzen verwendet. Die Gewichtungen stellten sicher, dass das Studien-
sample der Bevolkerungsstruktur in Deutschland von 1998 (BGS98) und 2003 (KiGGS-
Basiserhebungen) in Bezug auf relevante sozialdemographische Variablen, wie Alter
und Geschlecht glich (25). Neben gewichteten HPV-Seropravalenzen fir einzelne HPV-
Typen wurden sie auch fir in Impfstoffen enthalten HPV-Typ-Gruppen berechnet: (1)
bivalent (HPV-2val: 16, 18); (2) quadrivalent (HPV-4val: 6, 11, 16, 18); (3) nonavalent
(HPV-9val, 6, 11, 16, 18, 31, 33, 45, 52, 58). Die gruppenspezifischen Seropravalenzen
wurden als gewichteter Anteil der Teilnehmenden berechnet, welche seropositiv fir

mindestens einen in der jeweiligen Gruppe vorkommenden HPV-Typ waren.

Fur die multivariablen Analysen wurden Poisson-Regressionsmodelle mithilfe des Sur-
vey Designs zur Berechnung von Prévalenz Ratios (PRs) verwendet, um mit CMV-,
bzw. HPV-Seropositivitat assoziierte unabhéangige Faktoren zu identifizieren. Im finalen
multivariablen Model wurden alle Variablen aufgenommen, die in einem riickwarts ge-
richteten Ausschlussverfahren (backward step approach) mit einer typspezifischen Se-
ropositivitat auf p < 0,05 Niveau assoziiert waren. Um Korrelationen zwischen HPV-Ty-
pen zu identifizieren, wurde der Pearson's Korrelationskoeffizient berechnet. Als ge-
ringe Korrelation wurden Werte zwischen 0,1-0,3, als moderate Korrelation Werte zwi-
schen 0,3-0,5 sowie als starke Korrelation Werte ab 0,5 definiert. Das Datenmanage-
ment und die statistischen Analysen wurden mit Stata, Version 14 (STATA Corp., Col-
lege Station, TX, US) durchgefihrt.

1.4. ERGEBNISSE

Von den BGS98-Riickstellproben konnten insgesamt 6.517 Proben erfolgreich auf HPV
bzw. 6.552 erfolgreich auf CMV-Antikdrper getestet und fur die Seropravalenzstudien
verwendet werden. Soziodemographische Charakteristika der Studienteilnehmenden
mit HPV-Serologie sind, stratifiziert nach Geschlecht, in Publikation 2, Tabelle 1, Seite
50 dargestellt. Insgesamt 12.257 KiGGS-Proben von Kindern im Alter von 1-17 Jahren
konnten fur die vorliegende Studie erfolgreich auf HPV-Antikdrper getestet und verwen-
det werden (Publikation 3, Abbildung 1, Seite 73). Die soziodemographischen Charakte-

ristika der Teilnehmenden finden sich in Publikation 3, Tabelle 1, Seite 74.
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1.4.1. HPV-SEROPRAVALENZEN UND RISIKOFAKTOREN BEI ERWACHSENEN

SEROPRAVALENZEN MUKOSALER UND IMPFRELEVANTER HPV-TYPEN
Die geschlechts- und altersstratifizierten HPV-Seropravalenzen mit 95%-Konfidenzinter-

vallen aller mukosalen HPV-Typen finden sich in Publikation 2, Tabelle 2, Seite 51. Alle
Ergebnisse fur die zusammengefassten (z.B. impfrelevanten) HPV-Typen finden sich in
Publikation 2, Abbildung 2, Seite 52 und Abbildung 3, Seite 53. HPV-Seropravalenzen
bei Erwachsenen variierten stark zwischen den einzelnen Typen, wobei sechs von zwolf
mukosalen HPV-Typen Pravalenzen unter 5% aufwiesen. Bis auf HPV-6 lag die Sero-
pravalenz fur die tbrigen HPV-Typen unter 10%. Die HPV-Seropravalenzen der fur die
Krankheitslast wichtigsten HPV-Typen 6, 11, 16 und 18 lagen bei 12%, 4,1%, 6,7% und
6,2%. Geschlechtsspezifische Unterschiede gab es bei den mukosalen HPV-Seropra-

valenzen nur bei HPV-6, -11 und -16, mit jeweils hoheren Seropravalenzen bei Frauen.

Auch die altersspezifischen Seropravalenzen der mukosalen HPV-Typen unterschieden
sich nach HPV-Typ und zeigten abweichende Altersverlaufe. Bei Frauen fanden sich
die niedrigsten Seropravalenzen in den jlingsten Altersgruppen mit einem leichten An-
stieg in den Altersgruppen der 30—49-Jahrigen und einem konstant hohen Niveau in
den alteren Altersgruppen. Die beiden HPV-Typen 6 und 35 bildeten eine Ausnahme
mit niedrigsten Seropréavalenzen in den alteren Altersgruppen. Fur HPV-16 zeigte sich
ein zweifacher Seropravalenz-Peak bei den (30—39- und 60-69-jahrigen) Frauen. Eine
ahnliche bimodale Altersverteilung zeigte sich bei HPV-6, -11 und -18. Die HPV-16-Se-
ropravalenzen bei Mannern zeigten bei den Jingeren nur eine leichte Zunahme mit an-
schlieRend hdchsten Seropravalenzen bei den 30-59-J&hrigen. Betrachtet man die mu-
kosalen HPV-Seroprévalenzen nach Wohnregion der Teilnehmenden, so zeigten sich

nur geringe regionale Unterschiede, wie in Publikation 2, Seite 50 beschrieben.

Etwa ein Drittel (35%) der Studienteilnehmenden waren seropositiv fir mindestens ei-
nen mukosalen HPV-Typen (HPV-muk) und 28% fiir mindestens einen Hochrisiko-HPV-
Typen (HPV-HR) (siehe Publikation 2, Tabelle 3, Seite 51).

SEROPRAVALENZEN KUTANER HPV-TYPEN
Betrachtet man die kutanen HPV-Typen, so sieht man auch hier einen starken Unter-

schied je nach HPV-Typ. Die Seropravalenzen reichten von 8,7% fur HPV-41 bis 35%
bei HPV-4. Neben HPV-4 fanden sich die héchste Seropravalenzen bei den zwei kuta-
nen HPV-Typen 1 (34%) und 8 (19%) (siehe Publikation 2, Anhang, Tabelle 2, Seite
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59). Im Gegensatz zu den mukosalen HPV-Typen gab es keine signifikanten Ge-
schlechts-Unterschiede in den Seropravalenzen kutaner HPV-Typen. Bei der Altersver-
teilung zeigte sich bei vier (HPV-8, HPV-10, HPV-38 und HPV-49) von sieben kutanen
HPV-Typen eine Zunahme der HPV-Seropravalenz mit dem Alter. Dagegen wies HPV-1
mit einer stetigen Seropravalenz-Abnahme bei zunehmendem Alter einen gegenlaufi-

gen Seropravalenz-Trend auf.

RISIKOFAKTOREN HPV-TYP-SPEZIFISCHER SEROPOSITIVITAT
Die Analyse von Risikofaktoren HPV-Typ-spezifischer Seropositivitat wurden auf die

vier im quadrivalenten Impfstoff vorkommenden HPV-Typen sowie auf die HPV-HR-
und HPV-LR-Gruppe beschrankt. Die bei den Frauen im finalen multivariaten HPV-16-
Modell enthaltenen Variablen Seropositivitat fir mindestens einen der drei im Panel ge-
testeten sexuell Ubertragbaren Infektionserreger (STI+), Anzahl bisheriger Sexualpart-
ner*innen, Alter und Urbanitat waren mit Ausnahme des Alters signifikant mit HPV-16
Seropositivitat assoziiert. Bei Mannern waren in der multivariablen Analyse ahnlich zu
den Frauen nur STI+ und Anzahl bisheriger Sexualpartner*innen mit einer héheren
HPV-16-Seropositivitat assoziiert (Publikation 2, Tabelle 4, Seite 53). Alle weiteren Er-
gebnisse finden sich in Publikation 2, Anhang, Tabellen 4-8, Seite 61-65.

1.4.2. HPV-SEROPRAVALENZEN UND RISIKOFAKTOREN BEI KINDERN UND
JUGENDLICHEN

SEROPRAVALENZEN MUKOSALER UND IMPFRELEVANTER HPV-TYPEN
Einen zusammenfassenden Uberblick (iber die Ergebnisse der Seropravalenzen muko-

saler HPV-Typen bei Kindern und Jugendlichen in KiGGS finden sich in Publikation 3,
Abbildung 2, Seite 75, Publikation 3, Anhang, Tabelle 1, Seite 85 und Publikation 3, An-
hang, Abbildung 2, Seite 90.

Der fur die Karzinomentwicklung bedeutendste HPV-Typ 16 hatte eine relativ geringe
HPV-Seropravalenz von 2,6%, welche generell auf einem niedrigen Niveau lag und erst
bei den 14-15-Jahrigen auf 3,1% und 4,4% bei den 16-17-Jahrigen stieg. Mit Aus-
nahme von HPV-6 reichte die Seropravalenz der restlichen mukosalen HPV-Typen von
0,6% (HPV-33) bis 6,4% (HPV-31), ohne signifikante Geschlechtsunterschiede.

HPV-6 unterschied sich stark von den anderen untersuchten mukosalen HPV-Typen
und wies mit 25% eine deutlich héhere Seropravalenz auf, mit etwas niedrigeren Wer-
ten bei Madchen (23%) im Vergleich zu Jungen (26%; p < 0.001). Betrachtet man die
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Altersverteilung der HPV-6-Seropravalenzen, so zeigte sich der hdochste Wert (34%) in
der Altersgruppe 4—6 Jahre mit einer darauf wieder sinkenden Seropravalenz. Eine ahn-

liche Altersverteilung fand sich bei HPV-11.

Die anderen mukosalen HPV-Typen 18, 33, 45, 52 und 58 zeigten &hnliche Altersvertei-
lungen mit héheren Seropravalenzen in den alteren Altersgruppen auf jedoch insgesamt
niedrigem Niveau. Gegensatzlich verhielt sich HPV-31 mit héchsten HPV-Seropravalen-
zen bei den Kindern und danach stark abnehmenden Werten. Die Seropravalenz der
impfrelevanten HPV-Typen verteilte sich wie folgt: 6,1% der Kinder und Jugendlichen
waren seropositiv fir mindestens einen im bivalenten Impfstoff (HPV-2val) enthaltenen
HPV-Typen 16 und 18. Aller weiteren Ergebnisse zu den impfrelevanten HPV-Gruppen
finden sich in Publikation 3, Seite 73.

SEROPRAVALENZEN KUTANER HPV-TYPEN
Ein zusammenfassender Uberblick (iber die wichtigsten Ergebnisse der Seropravalen-

zen kutaner HPV-Typen KiGGS findet sich hier: Publikation 3, Abbildung 3, Seite 75
und Publikation 3, Anhang, Tabelle 2, Seite 85. Zusatzlich sind die MFI-Verteilungen al-
ler kutanen HPV-Typen dargestellt (Publikation 3, Anhang, Abbildung 3, Seite 91). Auch
bei Kindern und Jugendlichen wiesen die kutanen HPV-Typen grol3e Differenzen der
Seropravalenzen auf und reichten von 4,0% bis 8,1% bei den HPV-Typen 38, 8, 10, 41
und 49, bis hin zu 14% bei HPV-4 und 32% bei HPV-1. HPV-1 wies als einziger HPV-
Typ auch einen signifikanten Geschlechtsunterschied (Madchen: 34%; Jungen: 30%; p
< 0,001) auf. Die Altersverteilungen waren bei allen kutanen HPV-Typen ahnlich mit
niedrigsten Seropravalenzen in den jingsten Jahren und einem darauffolgenden na-

hezu stetigen Anstieg zu hdchsten Seropravalenzen in der &éltesten Altersgruppe.

RISIKOFAKTOREN HPV-TYP-SPEZIFISCHER SEROPOSITIVITAT
Die Analyse von Risikofaktoren HPV-Typ-spezifischer Seropositivitat bei Kindern und

Jugendlichen wurde auf die vier im quadrivalenten Impfstoff vorkommenden HPV-Typen
sowie auf die kutane HPV-Gruppe (HPV-kut) beschrankt. Im Folgenden wird nur auf Ri-
sikofaktoren von Seropositivitat fur HPV-16 und HPV-kut eingegangen (Publikation 3,
Tabelle 2, Seite 76 und Publikation 3, Tabelle 3, Seite 77). Alle weiteren Ergebnisse las-
sen sich im Publikationsanhang finden (Publikation 3, Anhang, Tabellen 3-5, Seite 87-
89). Im multivariaten Modell waren nur Alter und Wohnregion signifikant mit HPV-16-Se-

ropositivitat assoziiert (Publikation 3, Tabelle 2, Seite 76). Im multivariablen HPV-kut-
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Modell waren Alter, Wohnregion, Urbanitat und Migrationshintergrund der Eltern mit
HPV-kut-Seropositivitat assoziiert (Publikation 3, Tabelle 3, Seite 77).

1.4.3. CMV-SEROPRAVALENZ UND RISIKOFAKTOREN BEI ERWACHSENEN

Die Ergebnisse der CMV-Seropravalenzstudie beruhen auf insgesamt 6.552 Teilneh-
menden mit CMV-Serologie. Die fur die Bevélkerung in Deutschland reprasentative
CMV-Seropravalenz wurde auf 57% geschatzt. Die CMV-Seropravalenz unterschied
sich dabei stark nach Geschlecht, mit einer CMV-Seropravalenz von 62% bei Frauen
und 51% bei Mannern (Publikation 1, Abbildung 1, Seite 38). Bei Frauen im gebéarfahi-
gen Alter (18-45 Jahre) lag die CMV-Seropravalenz bei 52%. Die CMV-Seropravalenz
stieg sowohl bei Frauen als auch bei Mannern mit zunehmendem Alter an. Neben dem
Geschlechtsunterschied gab es auch deutliche Unterschiede in der CMV-Seropravalenz
zwischen den verschiedenen Regionen in Deutschland. Die CMV-Seropravalenz lag so-
wohl fur Frauen (66%) als auch fur Manner (52%) im Norden von Deutschland hoéher als
in Stddeutschland (Frauen: 57%; Manner: 47%).

Ergebnisse der multivariaten Analyse finden sich in Publikation 1, Tabelle 2, Seite 38.
Die folgenden Faktoren waren sowohl bei Frauen als auch bei M&nnern mit CMV-Sero-
positivitat assoziiert: zunehmendes Alter, Geburtsland au3erhalb Deutschlands, Rau-
chen, wohnhaft in Norddeutschland, zunehmende Anzahl von Haushaltsmitgliedern un-
ter 18 Jahren, und niedriger Bildungsstatus. Weitere Assoziationen einer CMV-Seropo-
sitivitat waren fur Frauen: zunehmende Anzahl von Geschwistern im gleichen Haushalt
sowie Wohnort in Ostdeutschland. Nur fur M&nner war der Besuch einer Kindertages-

statte in der Kindheit negativ mit CMV-Seropositivitat assoziiert.

1.5. DISKUSSION

1.5.1. HPV-SEROEPIDEMIOLOGIE BEI ERWACHSENEN, KINDERN UND JU-
GENDLICHEN

WIE HOCH IST DIE SEROPRAVALENZ VON ANTIKORPERN GEGEN VERSCHIEDENE
HPV-TYPEN IN DER DEUTSCHEN BEVOLKERUNG?
Mit einer Seropravalenz von 6,7% war HPV-16 in der erwachsenen Studienpopulation

von BGS98 der haufigste impfrelevante HPV-Hochrisikotyp, was auch in anderen HPV-
Studien gezeigt wurde (siehe Publikation 2, Diskussion, Seite 52). Allerdings sind fur
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den Vergleich von serologischen Ergebnissen, neben methodologischen Serologie-Un-
terschieden (wie im Abschnitt HPV-Serologie, Seite 19 diskutiert), auch regionale Diffe-
renzen der HPV-16-Verbreitung zu beachten, so dass die jeweilige Hohe der HPV-16-

Seropravalenz, trotz typspezifischer Dominanz, eine starke Variabilitat in weltweiten Se-

rologie-Studien (aber auch DNA-Studien) aufweisen kann (26).

Die KIGGS-Daten ergaben eine zu erwartende niedrigere HPV-16-Seropravalenz von
2,6%. Generell zeigten die HPV-16-Seropravalenzen bei Kindern und Jugendlichen
eine vergleichbare Hohe wie &hnliche Studien, obgleich auch weltweite methodisch-
ahnliche serologische HPV-16-Pravalenzdaten bei Kindern und Jugendlichen eine hohe
Variabilitat von 0—-11% aufzeigen, wie ausfuhrlich in Publikation 3, Seite 78, beschrie-
ben. Etwa ein Viertel der Erwachsenen hatte Antikorper gegen mindestens einen HPV-
9val-Typen. Die Verbreitung von Antikdrpern gegeniiber mindestens einen mukosalen
HPV-HR-Typ lag bei Kindern und Jugendlichen bei etwa 13%, mit einem Grol3teil der

typspezifischen HPV-Seropravalenz von jeweils unter 3%.

Im Vergleich zu mukosalen HPV-Typen waren Antikbrper gegen kutane HPV-Typen im
Durchschnitt deutlich haufiger zu finden. Mit knapp 35% hatten HPV-1 und HPV-4 die
hdchsten Seropravalenzen unter den Erwachsenen. Die HPV-Seropravalenz von kuta-
nen Typen, und vor allem bei HPV-1 und HPV-4, lag auch bei Kindern und Jugendli-
chen deutlich héher und verweist auf das von ihnen (neben HPV-2) verursachte, hau-
fige Krankheitsbild der gewodhnlichen Haut-, Ful3sohlen- und Plantarwarzen.

GIBT ES EINEN GESCHLECHTS-UNTERSCHIED DER HPV-SEROPRAVALENZEN?
Die vorliegenden Ergebnisse der mukosalen HPV-Typen zeigen einen (moderaten) Se-

ropravalenz-Geschlechts-Unterschied bei den Erwachsenen, mit etwas héheren muko-
salen Seroprévalenzen bei den Frauen. Dies wird teilweise auch in anderen Studien be-
richtet, wie in Publikation 2, Seite 54 erlautert und anhand diverser biologischer Fakto-
ren, wie beispielsweise Epithelunterschieden der Infektionsstelle, diskutiert. Der Ge-
schlechtsunterschied war bei KiGGS mit Ausnahme von HPV-6 nicht vorhanden. Im
Vergleich zu den mukosalen HPV-Typen wurden weder im BGS98 noch in KiGGS Ge-
schlechtsunterschiede in der Hohe der kutanen HPV-Seropravalenzen nachgewiesen.

GIBT ES EINEN ALTERS-UNTERSCHIED DER HPV-SEROPRAVALENZEN?
Der hauptsachlich bei Frauen beobachtete leichte Anstieg der HPV-HR-Seroprévalenz

in den jingsten Altersgruppen war zu erwarten und spiegelt den Beginn bzw. die Zu-

nahme der sexuellen Aktivitat wider und stimmt auch mit anderen Seropravalenzstudien
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Uberein (27). Eine bereits relativ hohe HPV-HR-Seropravalenz von fast 10% bei den
18-24-Jahrigen unterstreicht dabei die Bedeutung der Impfung in jungen Jahren, insbe-

sondere vor dem sexuellen Debiit.

Betrachtet man die serologischen Ergebnisse bei Kindern und Jugendlichen im KiGGS-
Basis Survey, so konnte doch eine gewisse Antikdrper-Hohe bestimmter mukosaler
HPV-Typen, wie HPV-6, HPV-11, und HPV-31, bei Kindern im mittleren Alter beobach-
tet werden — in einer Alterspanne uber dem Alter des Vorhandenseins mutterlicher
(durch eine potentiell vertikale Ubertragung erworbener) Antikérper und unter dem Alter,
in dem sie bereits sexuell aktiv sind und HPV-Antikérper durch sexuellen Kontakt ent-
standen waren. Vergleicht man die Daten mit anderen Studien, so zeigt sich zumindest
bei HPV-6-DNA Studien ein &hnlicher Trend mit hohen Pravalenzen bereits bei den

jungsten Altersgruppen (28).

Eine HPV-16-Antikérper-Zunahme zeigte sich in unserer Studie ab etwa 14 Jahren, ent-
sprechend des Beginns sexueller Aktivitaten, wie es auch von vielen anderen Studien
gezeigt wurde (29-31). Diese Altersverteilung wurde auch bei den meisten anderen mu-
kosalen HPV-Typen beobachtet. Im Vergleich zu den kutanen HPV-Typen zeigten die
meisten Kinder jedoch eher niedrige mukosale Seropravalenzen. Trotz der im allgemei-
nen niedrigen mukosalen HPV-Seropravalenzen bei Kindern und Jugendlichen, zeigen
die vorliegenden Ergebnisse jedoch, dass bereits Kinder vor der Pubertéat gegeniber
HPV-HR-Typen exponiert waren. Dies wurde bereits in anderen Studien beobachtet
und kann nicht allein, wie urspriinglich gedacht, auf Ubertragungen durch sexuellen
Missbrauch erklart werden, wie von Syrjanen (2010) diskutiert (7). Hier missen diverse
Ubertragungswege, wie pre- und perinatale, horizontale Ubertragungen, aber auch die
sogenannte Autoinokulation, also die Selbstinfektion anderer bisher noch nicht infizier-

ter Korperstellen, in Betracht gezogen werden (7).

Die Ergebnisse der typ- und altersspezifischen Seropravalenz von kutanen HPV-Typen
bei Erwachsenen waren vergleichbar mit anderen Studien mit einem altersbedingten
Anstieg der meisten kutanen HPV-Typen mit Ausnahme von HPV-1 (32, 33). Da HPV-
1- und HPV-4-bedingte Warzen bei Kindern und Jugendlichen sehr haufig vorkommen,
war die hohe Préavalenz von HPV-1 und HPV-4 bei den jingsten Teilnehmenden des
Erwachsenensurveys zu erwarten (32). Dieser Trend entspricht der typischen Verbrei-

tung von HPV-assoziierten Warzen, wie bereits zuvor beschrieben.
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WELCHE SOZIODEMOGRAPHISCHEN UND VERHALTENSBASIERTEN FAKTOREN
SIND MIT EINER HPV-SEROPOSITIVITAT ASSOZIIERT?
In der Analyse von HPV-Risikofaktoren bei den Erwachsenen waren sowohl STI+ als

auch die Anzahl bisheriger Sexualpartner*innen die starksten Faktoren, die mit der
HPV-16-Seropositivitat assoziiert waren, wie auch in anderen Studien gezeigt und in
Publikation 2, Seite 54 diskutiert.

Bei den Kindern und Jugendlichen war das Alter am starksten mit HPV-16-Seropositivi-
tat assoziiert, was, wie bereits von anderen Studien gezeigt, auf den Beginn des Sexu-
allebens hinweist. Daneben war der Wohnort in Westdeutschland im Vergleich zu Ost-
deutschland ebenfalls mit einer héheren HPV-16-Seropravalenz assoziiert. Da dies so-
wohl bei den mukosalen HPV-Typen 6, 11, 16 and 18 als auch im HPV-kut-Modell ge-
zeigt werden konnte, konnte dies regionale und kulturelle Unterschiede zwischen der
BRD und der DDR (1949 bis 1990) widerspiegeln, welche auf unterschiedliche Weise
Einfluss auf die Ubertragungswege (auch in Bezug auf andere Infektionskrankheiten,
siehe Publikation 1) haben kdnnten. Wenngleich regionale Seroprévalenz-Unterschiede
bekannt sind, kdnnen hierfir keine konkreten Erklarungen gegeben werden und miss-

ten ggf. weitergehend mit Hilfe verhaltensbasierter Analysen untersucht werden.

1.5.2. CMV-SEROEPIDEMIOLOGIE BEI ERWACHSENEN

WIE HOCH IST DIE SEROPRAVALENZ VON CMV-ANTIKORPERN IN DER DEUTSCHEN
BEVOLKERUNG?
Vergleicht man die von uns im BGS98 gemessene CMV-Seroprévalenz der Erwachse-

nen in Hohe von 57% mit anderen europaischen Landern, wie Portugal, Schweden oder

Kroatien, so finden sich dort etwas héhere Pravalenzen von 77-83% (34-36).

GIBT ES EINEN GESCHLECHTS-UNTERSCHIED DER CMV-SEROPRAVALENZ?
Bei CMV konnte im Vergleich zu HPV ein starker geschlechtsspezifischer Unterschied

mit hdheren Seropravalenzen in Frauen im Vergleich zu Mannern gezeigt werden, wel-

cher sich auch in anderen Studien widerspiegelt (37, 38).

GIBT ES EINEN ALTERS-UNTERSCHIED DER CMV-SEROPRAVALENZ?
CMV-Seropravalenz nahm mit zunehmendem Alter fast stetig zu. Betrachtet man allein

Frauen im gebarfahigen Alter (18-45 Jahre), so waren etwa 52% CMV-seropositiv.
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WELCHE SOZIODEMOGRAPHISCHEN UND VERHALTENSBASIERTEN FAKTOREN
SIND MIT EINER CMV-SEROPOSITIVITAT ASSOZIIERT?

In unserer Studie war Alter einer der beiden starksten unabhangigen Faktoren, die so-
wohl bei Frauen als auch Mannern mit einer CMV-Seropositivitat assoziiert waren. Der
Anstieg der CMV-Seropravalenz mit zunehmendem Alter ist bekannt und resultiert aus
einer lebenslangen, kumulativen CMV-Exposition. Der andere Faktor war das Geburts-
land auf3erhalb Deutschlands. Landerspezifische Seropréavalenzunterschiede kénnen
durch Unterschiede in der Haufigkeit der wichtigsten Expositionen im Zusammenhang
mit der CMV-Ubertragung erklart werden: Haufigkeit und Dauer des Stillens, Bevolke-
rungsdichte, Kinderbetreuungseinrichtungen und Sexualverhalten (10). Beide Assozia-

tionsfaktoren wurden auch bereits in Studien aus anderen Landern nachgewiesen (39).

1.5.3. STARKEN UND LIMITATIONEN

SEROLOGIE VON HPV
Die Analyse von HPV-Antikdrpern ist eine anerkannte Methodik zur Messung kumulati-

ver HPV-Exposition. Allerdings gibt es einige Limitationen zur Aussagekraft serologi-
scher Analysen und Ergebnisse, die in der Interpretation auch der vorliegenden Daten

stets mitbedacht werden mussen.

HPV-Serologie fihrt zum einen grundsétzlich zu einer Untererfassung der tatsachlichen
HPV-Exposition, da nicht alle Menschen nach einer HPV-Infektion auch serokonvertie-
ren und daruber hinaus auch das Antikdrper-Waning mit in Betracht gezogen werden
muss (40, 41). Hinzukommt, dass sich sowohl die Latenzzeit, die Serokonversionsrate
als auch das Ausmald des Antikdrper-Wanings je nach HPV-Typ, aber auch nach Ge-
schlecht und Alter der infizierten Person oder nach der jeweiligen Infektionsstelle unter-
scheiden koénnen, wie ausfihrlich in Publikation 2, Seite 54 und Publikation 3, Seite 79
diskutiert.

Zum anderen steht insbesondere die HPV-Serologie vor einer methodologischen Her-
ausforderung, da verschiedene Assays auch verschiedene Antigen-Aufbereitungen

(zum Beispiel der Virusartigen Partikel, VLP) und Grenzwert-Definitionen verwenden.
Somit gibt es diverse serologische HPV-Antikorper-Nachweismethoden, gleichzeitig

aber keine universell anwendbaren Referenzen bzw. Standard-Grenzwerte fir die un-
terschiedlichen HPV-Typen. Dies stellt nicht zuletzt auch eine Herausforderung in Be-
zug auf die Bedeutung der HPV-Serologie zur Evaluation von Impfeffektivitat dar (42).

Eine direkte Vergleichbarkeit zwischen serologischen HPV-Studien bleibt aus zuvor
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genannten Grinden schwierig, obgleich ein Vergleich verschiedener serologischer
HPV-Assays zeigen konnte, dass trotz der Unterschiede in der VLP-Qualitat und der
verwendeten Grenzwerte &hnlich spezifische Ergebnisse erreicht wurden (43). Der all-
gemeingiltige Nachteil der HPV-Serologie wurde von uns insofern beachtet, dass der
im Rahmen der Analyse benutzte und am DKFZ entwickelte Assay und die darin ver-
wendeten Grenzwerte bereits in anderen Studien verwendet und evaluiert wurden (23,
42-46).

Neben diesen methodologischen Herausforderungen muss aber auch beachtet werden,
dass die HPV-Seropravalenzen starke regionale und zeitliche Unterschiede aufweisen
kénnen, die durch die jeweilige Studienbevélkerung, deren Erhebungszeitraum, aber
auch die damit einhergehenden verhaltensbasierten Unterschiede, wie das Sexualver-
halten, beeinflusst werden. Dies wurde auch hinsichtlich der Seropravalenz-Unter-
schiede nach Wohnort im Rahmen unserer Regressionsanalysen festgestellt. Hinzu
kommt insbesondere bei Kindern, dass die Studienergebnisse stark von der Alterszu-
sammensetzung der Studienpopulation abhangen. Dies liegt vor allem am Umfang der
in die Analysen einflieBenden Daten von bereits sexuell aktiven Jugendlichen, die tber-
haupt erst die Mdglichkeit hatten, Gber den Hauptiibertragungsweg des sexuellen Kon-

taktes gegeniber dem Virus exponiert gewesen zu sein.

Eine weitere Einschrankung ist die potentielle Kreuzreaktivitat verschiedener verwand-
ter HPV-Typen, die entsprechend zu einer Uberschatzung der Seropravalenz einiger
Typen fuhren konnte. Wir konnten (wie in Publikation 3, Seite 75 beschrieben) jedoch
keine wesentlichen Kreuzreaktivitaten zwischen den verschiedenen HPV-Serotypen
feststellen, so dass wir davon ausgehen, dass die Mehrheit unserer Ergebnisse typspe-

zifische Seropravalenzen widerspiegelt.

Neben den genannten Herausforderungen der HPV-Serologie bietet die angewandte
Methodik jedoch auch Starken. Mit Hilfe des vom DKFZ entwickelten Multiplex-Assays
konnten zwei grol3e reprasentative Surveys und die darin insgesamt enthaltenen 18.774
Proben in einem Labor und vom gleichen Personal gleichzeitig auf Antikdrper verschie-
dener mukosaler und kutaner HPV-Typen untersucht werden. Durch die beiden metho-
dologisch als reprasentativ aufgestellten Bevilkerungssurveys konnten die serologi-
schen Ergebnisse mit entsprechenden soziodemographischen und verhaltensbasierten
Daten analysiert werden. Die Nutzung bereits erhobener Daten und darauf aufbauende

weiterfihrende Analysen stellen somit auch eine effektive und ressourcenschonende
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Generierung epidemiologischer Daten dar, aus denen wiederum potentiell neue Rick-

schliisse zu Public Health-MaRRnahmen geschlossen werden kdénnen.

Des Weiteren basieren HPV-Pravalenzdaten aus Deutschland zumeist auf DNA-Proben
(47-49). Bisherige (weltweite) HPV-Seropravalenzstudien fokussieren dagegen primar
auf die erwachsene Bevolkerung, oder ggf. noch Jugendliche (siehe Diskussion in Pub-
likation 3, Seite 78). Mit Hilfe der KiGGS-Daten und des Multiplex-Assays konnten nun
erstmalig serologische HPV-Daten von Kindern und Jugendlichen im Alter von 1-17

Jahren in einem (reprasentativen) Umfang generiert und analysiert werden.

SEROLOGIE VON CMV
Im Vergleich zur HPV-Methodik liegt fur CMV eine Validitatsstudie des verwendeten As-

says mit einer jeweils hohen Sensitivitdt und Spezifitat vor. Die grol3te Starke der vorlie-
genden Studie — aquivalent zu den HPV-Daten — liegt damit in der Verwendung von be-
volkerungsbasierten reprasentativen Proben zur Bestimmung der CMV-Seropravalenz
und der damit moglichen Analyse soziodemographischer und verhaltensbasierter Risi-

kofaktoren.

Eine wichtige Einschrankung ist jedoch die begrenzte Ubertragbarkeit auf die aktuelle
CMV-Verbreitung in Deutschland aufgrund der relativ alten Datenbasis von BGS98.
Trotzdem kdnnen die Daten als wichtige Grundlage zu den zuvor genannten Public
Health-Mal3nahmen dienen, da sich die CMV-Seropravalenzen und vor allem die alters-
und geschlechtsspezifischen Unterschiede in den letzten 20-25 Jahren wahrscheinlich
kaum grundlegend verandert haben, wie ausfuhrlich in Publikation 1, Seite 39 diskutiert.
Trotzdem waren aktuelle und longitudinale Studien zur Entwicklung von CMV in
Deutschland hilfreich. Gerade die serologischen Untersuchungen des BGS98 kdnnten
hierfur als Grundlage einer longitudinalen Analyse mit Hilfe des vom RKI in der Folge

durchgefuhrten Bevolkerungssurveys DEGS1 genutzt werden.

1.5.4. ZUSAMMENFASSUNG UND AUSBLICK

Die vorliegenden Daten stellen die ersten reprasentativen Daten zur Seroepidemiologie
von einer groRen Auswahl mukosaler und kutaner HPV-Typen in Deutschland dar.
Durch die Verwendung der Bevdlkerungssurveys BGS98 und KiGGS, welche vor der
Einfuhrung der HPV-Impfung durchgefihrt wurden, konnten Basisdaten fir natirlich
und kumulativ erworbene typspezifische HPV-Exposition der deutschen nicht-geimpften

Bevolkerung generiert werden. Die Untersuchung typspezifischer HPV-Exposition tragt
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zum Wissensstand der bisherigen Verbreitung von HPV bzw. deren im Rahmen der
Studie untersuchten unterschiedlichen HPV-Serotypen in verschiedenen Bevolkerungs-
gruppen bei. Die Regressionsanalysen der Seropositivitat und deren Identifikation von
Risikofaktoren tragt ebenfalls zu einem erweiterten Kenntnisstand zu potentiellen Ri-

siko- und Préventionsfaktoren von HPV in Deutschland bei.

Fur Kinder und Jugendliche ist der Kenntnisstand zur HPV-Seroepidemiologie insbe-
sondere in Bezug auf die Relevanz des altersspezifischen HPV-Impfschemas von gro-
Rer Bedeutung. Bisherige Daten zur Impfabdeckung zeigen, dass die vollstandige HPV-
Impfung unter 15-jahrigen Madchen noch immer relativ gering ist, wenngleich sie bis
2018 auf 43% stieg (50). Aufgrund der leichten sexuellen Ubertragbarkeit von HPV wird
die Impfung fir M&dchen und Jugendliche grundsatzlich vor Beginn des Sexualitatsle-
bens empfohlen. Die Studienergebnisse zur HPV-Seropréavalenz zeigen jedoch, dass
bereits ein gewisser Anteil von Kindern tber HPV-Antikorper gegen impfpraventable
HPV-Typen verfugt, noch vor dem Beginn sexueller Aktivitat. Die hier gezeigte friihe
HPV-Exposition ware daher, als weiteres Argument einer friher ansetzenden HPV-Imp-

fung zu diskutieren (9).

Auch fur CMV stellt die vorliegende Publikation die erste reprasentative bevdlkerungs-
bezogene Studie zur CMV-Seroepidemiologie der deutschen erwachsenen Wohnbevol-
kerung dar. Die Daten tragen zum Verstandnis der Verbreitung von CMV in verschiede-
nen Bevolkerungsgruppen aber auch tber Risikofaktoren einer CMV-Exposition bei.
Dies ist insofern Public Health-relevant, als dass insbesondere kongenitale, also prana-
tale, CMV-Infektionen mit schweren Komplikationen und Gesundheitsrisiken fur die (un-
geborenen) Kinder verbunden sind, wie ausfihrlich in der Diskussion in Publikation 1,
Seite 39 beschrieben.

Im Unterschied zu HPV existiert bis heute jedoch kein zugelassener CMV-Impfstoff, ob-
gleich verschiedene CMV-Impfstoffe bereits in Entwicklung sind. Ein CMV-Impfstoff
hatte zum einen das Ziel, kongenitale CMV-Infektion zu reduzieren, zum anderen
konnte er aber auch dazu beitragen, die potentiell héheren Risiken einer CMV-Infektion
und deren gesundheitliche Auswirkungen unter Immunsupprimierten und der alteren
Bevolkerung zu minimieren (51). Um Public Health-Empfehlungen in Bezug auf die An-
wendungsstrategien eines potentiellen CMV-Impfstoffs zu entwickeln, sind reprasenta-
tive epidemiologische alters- und geschlechtsstratifizierte Daten tGber die bisherige

CMV-Verbreitung und Belastung durch CMV-Infektionen in der deutschen Bevolkerung
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unerlasslich. Da fur Deutschland bis dato keine solchen populationsbasierten Seropra-
valenzdaten fur CMV-Antikorper vorlagen, wurde die vorliegende Studie durchgefuhrt.
Die durch die Studie generierten seroepidemiologischen Ergebnisse zur Verbreitung der
kumulativen CMV-Exposition in der Bevolkerung in Deutschland kénnen daher im Rah-

men von Ubertragungsmodellen zukiinftige Impfstrategien unterstitzen.

Gleichzeitig mussen, solange eine Impfung nicht zur Verfigung steht, alternative CMV-
Praventionsmal3nahmen ergriffen werden. Dies ist umso wichtiger, da, wie in unseren
Ergebnissen dargestellt, etwa die Halfte der untersuchten Frauen im gebarfahigen Alter
noch CMV-seronegativ waren und somit weiterhin suszeptibel fir eine CMV-Infektion in
der Schwangerschaft waren. Gleichzeitig ist jedoch relativ wenig iber CMV in der Allge-
meinbevolkerung bekannt. Hier waren praventive Ma3nahmen wie Aufklarung zu CMV-
Infektionen, die Bedeutung und Folgen fir Kinder sowie Hygiene-spezifische Praventi-
onsaufklarung unter Schwangeren eine sinnvolle und notwendige Public Health Mal3-
nahme, solange keine zugelassenen Impfstoffe verfligbar sind. Insbesondere, da ein
CMV-Antikorpertest in der Schwangerschaft von den Krankenkassen in der Regel nicht
ubernommen wird. Zukinftige CMV-Seropravalenzstudien kdnnten hierbei ansetzen
und anhand aktueller Daten die Entwicklung von CMV-Seropravalenzen und ggf. Public
Health-MalRnahmen zur Vorbeugung von CMV-Infektionen insbesondere in Hochrisiko-

gruppen untersuchen und evaluieren.

Im Rahmen der vorliegenden Arbeit konnten erfolgreich insgesamt tiber 18.000 Ruick-
stellproben von Erwachsenen, Kindern und Jugendlichen aus Deutschland auf HPV-
und CMV-Antikorper untersucht und die Ergebnisse weitergehend analysiert werden.
Die Ergebnisse konnen, trotz der zuvor beschriebenen bedingten Limitationen ihrer
Aussagekraft, unter anderem durch die Grof3e und Reprasentativitat der zugrunde lie-
genden Surveydaten einen wichtigen Beitrag leisten, den Wissenstand zu HPV und
CMV zu erweitern. Dartber hinaus kdnnen die Ergebnisse zur Evaluation und Anpas-
sung bestehender und zukiinftiger Public Health-MalRnahmen zur Pravention von HPV-
und CMV-Infektionen genutzt werden.
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Abstract

Background

Infection with cytomegalovirus (CMV) remains asymptomatic in most immunocompetent
hosts, but is the leading cause of congenital viral infection worldwide and can be life-threat-
ening in immunocompromised individuals. We aimed to assess CMV seroprevalence in a
nationally representative sample of adults in Germany and to identify sociodemographic fac-
tors associated with CMV seropositivity.

Methods

Blood samples from 6552 participants (18—79 years) of the “German National Health Inter-
view and Examination Survey 1998”, a population-based sample of the adult population

in Germany, were tested for the presence of CMV antibodies using an Ig-multiplex assay.
Weighted seroprevalence was calculated and weighted binomial regression was used to
identify factors associated with CMV seropositivity.

Results

Overall CMV seroprevalence was 56.7% (95%Cl: 54.8-58.7%), with a higher seropreva-
lence in women (62.3%) than in men (51.0%). Seroprevalence increased with age: from
31.8% t0 63.7% in men and from 44.1% to 77.6% in women when comparing the 18—29 with
the 70-79 year age-group, respectively. CMV seroprevalence in women of childbearing age
(18—45 years) was 51.7%. Factors significantly associated with CMV seropositivity were
age, country of birth, smoking status, education, living in northern Germany and number of
household members. In addition, having attended child care was associated with seroposi-
tivity in men, and number of siblings and living in East Germany in women.
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Conclusion

Our results indicate that half the women of childbearing age were susceptible for primary
CMV infection during pregnancy. CMV screening during pregnancy and informing seroneg-
ative women about CMV risk reduction measures could prevent congenital CMV infections
with its serious consequences.

Background

Cytomegalovirus (CMV) is a human herpesvirus which is prevalent worldwide with an esti-
mated seroprevalence of 45% to 100% in the general population [1]. After primary infection
the virus remains latent. Transmission can occur through contact with CMV-infected body
fluids both during primary infection or episodes of reactivation from latency. CMV infections
are usually asymptomatic in immunocompetent hosts but can cause life-threatening complica-
tions in immunocompromised individuals [2]. CMV infection is a major hazard in patients
with AIDS and other immune disorders, transplant recipients, individuals admitted to inten-
sive-care units, and to some extent in elderly people. However, the highest disease burden is
due to congenital CMV infection [2-4]. Worldwide, congenital CMV infection is the leading
cause of neurological damage in children and is associated with growth retardation, hearing
loss, permanent disabilities and microcephaly [5, 6].

Despite this considerable public health burden, few women are aware of congenital CMV
infection [7-9]. Educating women about CMV transmission and preventive hygiene behaviour
can significantly reduce primary CMV infections during pregnancy and thereby congenital
CMYV infections [10-14]. A vaccine would be necessary to significantly and permanently
reduce congenital (and other) CMV infections. To date, there is no licensed vaccine available
that protects against CMV. However, several vaccine candidates are currently being tested in
clinical trials [15-17]. A vaccine against CMV was classified as a top priority by "The National
Vaccine Advisory Committee" in the US in 2004, based on the estimation that the disease bur-
den of congenital CMV infection is as high as the disease burden due to congenital rubella
before the introduction of rubella vaccinations [18, 19]. Representative epidemiological data
on the CMYV susceptibility of the population are essential for decision making in the fields
of public health and primary prevention through immunization. Since there has been no pop-
ulation-based CMV-specific Ig seroprevalence data available for German adults, the aims of
this study were to estimate CMV seroprevalence in the adult population in Germany and to
identify socio-demographic and lifestyle factors that are potentially associated with CMV
seropositivity.

Methods
Study population

The German National Health Interview and Examination Survey 1998 (GNHIES98) was the
first nationwide representative survey on the health status of Germany’s adult population after
the German reunification in 1990. A nationwide two-stage clustered sample design with a
selection of study points was used. The sampling of the 120 study points was done with a prob-
ability proportional to community size and federal state. Persons aged 18-79 years stratified by
sex and age-group from the local population registers were subsequently sampled [20]. The net
sample of the GNHIES98 consisted of 7124 persons (response: 61%) from 120 study points.
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Subjects were eligible if they were familiar with the German language and were able to com-
plete the questionnaires.

Although there was no law or regulation on Ethic Committees in Germany at the time of
the conduct of the study, the study, including the analysis of the CMV-specific Ig data, was
approved by the Board of the Federal Commissioner for Data Protection Berlin, Germany.
The study was conducted according to the Federal and State Commissioners for Data Protec-
tion guidelines. Informed written consent and assent were obtained from all participants and
all data were fully pseudomized before analysis.

Survey methods

In total, 7124 participants were examined at local study centers and blood samples were taken
from a total of 6757 individuals (94.8%). For the study on CMV-specific Ig prevalence, blood
samples of 6552 (92.0%) participants were available. Information on socio-demographic and
lifestyle variables were obtained by standardized self-administered questionnaires. Place of res-
idence was categorized into North, Middle and South Germany (Region I) as well as into for-
mer East and West Germany (Region II). Country of birth was categorized as Germany or
other than Germany. Education was categorized into three levels (low, medium, high) accord-
ing to the “International Standard Classification of Education”. Smoking status was catego-
rized into never smoking, former smoking and current smoking. As a proxy for the number of
children, the number of people under the age of 18 currently living in the household was used,
since there were no data on gravidity or parity available. As a proxy for siblings, the number of
children grown up with was used.

Laboratory methods

Blood samples from the GNHIES98, which were stored at the Robert Koch Institute in Berlin
at -70°C, were shipped to the German Cancer Research Center (DKFZ) in Heidelberg, Ger-
many. Here, a multiplex serology assay was used to detect CMV-specific IgG, IgM and IgA
simultaneously. Antigen preparation and test methods were previously described elsewhere
[21, 22]. Briefly, plasma samples diluted 1:1000 were tested for antibodies against 4 human
CMV proteins (pp28, pp52, pp65 and pp150) bacterially expressed as glutathione S-transferase
(GST) fusion proteins. The multiplex antibody detection approach was based on a GST cap-
ture immunosorbent assay in combination with fluorescent bead technology (Luminex
Corporation, Austin, Texas) [22, 23]. The seropositivity threshold for each protein was set at a
median fluorescence intensity (MFI) of 150 units and an individual was defined as CMV sero-
positive if two or more CMV-specific proteins were above the threshold. A validation of the
CMV-specific multiplex assay was performed against Enzygnost anti-CMV/IgG and showed
excellent sensitivity and specificity values (Brenner et al. in preparation).

Data analysis

In order to assure that estimates derived from the GNHIES98 study are representative at the
national level, survey weights were applied throughout the statistical analyses which accounted
for the stratified and clustered sample design of the survey [20]. The survey weight takes into
account the region, sex, and age distribution of the population of Germany in the year of the
survey (1998). To ensure representativeness, the subpopulation with available data for CMV
serostatus was compared to the total GNHIES population.

Analyses were conducted in a stratified dataset, in which men and women were analysed
separately to account for gender differences. Univariate analysis was used to identify associa-
tions between sociodemographic factors and CMV seropositivity. Factors that were identified
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as possible influencing factors on CMV seropositivity in the literature and with a p-value
<0.20 in the univariate analysis were included in the multivariable weighted binomial regres-
sion model. Interactions between factors were taken into consideration in the multivariable
model. The final multivariable model included all factors that were associated with CMV sero-
positivity at a p<0.05 level in a forward stepwise selection approach. Results were expressed as
weighted crude and adjusted prevalence ratios (PRs) with their 95% confidence intervals (95%
CI). All analyses were done with STATA14.

Results
CMV seroprevalence in the adult population of Germany

The results are based on data from 6552 participants. Characteristics of the study population
are shown in Table 1. The study population was representative of the adult population in Ger-
many with an age range from 18 to 79 years and 51.5% of the participants being female. An
analysis showed no significant differences regarding sociodemographic factors between the
study population and the total GNHIES98 population (N = 7124).

Overall CMV seroprevalence in the adult population of Germany was estimated to be
56.7% (95% CI: 54.8-58.7%). In men, CMV seroprevalence was 51.0% (95% CI: 48.7-53.3%)
and in women 62.3% (95% CI: 59.8-64.6%) Seroprevalence increased with age (Fig 1). In men,
seroprevalence increased from 31.8% (95%CI: 27.3-36.8%) to 63.7% (95% CI: 55.6-71.1%)
when comparing 18 to 29 with 70 to 79 years old individuals. In women, seroprevalence
increased from 44.1% (95% CI: 38.8-49.5%) in 18 to 29 years old women to 77.6% (95% CI:
70.8-83.2%) in 70 to 79 years old women (Fig 1). In all age groups, CMV seroprevalence was
higher in women than in men. Estimated CMV seroprevalence was higher in North Germany
(Men: 52.4%, 95% CI: 48.4-56.5%; Women: 65.6% 95% CI: 61.4-69.6%) than in South Ger-
many (Men: 47.1%, 95% CI: 43.3-51.0%; Women: 57.1% 95% CI: 52.8-61.3%). Total CMV
seroprevalence in women of childbearing age (18-45 years) was 51.7% (95% CI: 47.8-54.3%).
The study population included 34 women pregnant at the time of study participation. Of
these, 13 (34%) were CMV seropositive.

Factors associated with CMV seropositivity

The weighted crude and adjusted PR for men and women can be found in Table 2. In the mul-
tivariable model mutually adjusted for all other variables, the following factors were associated
with CMV seropositivity in Germany in both, men and women: age (PR men: 1.02; women:
1.02), country of birth other than Germany (PR men: 1.76; women: 1.52;), current smoking
(PR men: 1.11; women: 1.11), living in northern Germany (PR men: 1.15; women: 1.11), the
number of household members under the age of 18 years (PR men: 1.09; women: 1.05;), and
the level of education (PR men: 0.82; women: 0.90) (Table 2). Some factors were only associ-
ated with CMYV seropositivity either in men or in women: attended child care during child-
hood (PR 0.91) was negatively associated with CMV seropositivity in men only, whereas in
women, the number of siblings grown up with (PR 1.01) and living in East Germany (PR 1.14)
were positively associated with CMV seropositivity. No significant terms of interaction
between variables were identified. Residence in urban or rural regions and working with chil-
dren (e.g. teacher, working in a kindergarten) was not associated with seropositivity in men or
women, neither in uni- nor in multivariable analysis. Some variables that have been shown to
be associated with CMV seropositivity in other studies, such as the number of sexual partners
or income (and thereby socioeconomic status) were not included in this analysis because these
variables were only available for less than 60% of the participants. The number of pregnant
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Table 1. Study population characteristics, CMV seroprevalence study, GNHIES98, Germany (n = 6552

participants).
Variables N %
Total 6552 100
Age in years 17-29 1166 17.8
30-39 1450 22.1
40-49 1226 18.7
50-59 1270 19.4
60-69 940 14.4
70-79 500 7.6
Sex Male 3172 48.4
Female 3380 51.6
Country of birth German 5769 88.0
Other 606 9.3
Missing 177 2.7
Smoking status Never smoking 2907 44.4
Previous smoking 1395 213
Current smoking 2097 21
Missing 153 2.3
Region I in Germany North 1679 25.6
Middle 3008 45.9
South 1865 285
Region Il in Germany East 2232 34.1
West 4320 65.9
Education Low 1121 17.1
Middle 3668 56
High 1587 24.2
Missing 176 2.7
Attended child care Yes 3224 49.2
No 3140 47.9
Missing 188 2.9
No of household members <18 yrs 0 4136 63.1
>=1 2233 34.1
Missing 183 2.8
No of children grown up with 0 926 14.1
>=1 5442 83.1
Missing 184 2.8
CMV serostatus Negative 2867 433
Positive 3685 56.7

https://doi.org/10.1371/journal.pone.0200267.t001

women (N = 34, age 20-41 years, median age 32 years) in this study was too small for further

analysis.

Discussion

This is the first nationwide, representative CMV serosurvey in the adult population of Ger-
many. Although these sera were collected in 1998, this population based CMV seroprevalence

data are an important source for epidemiological modelling and they will serve as baseline

data of longitudinal surveys in the future. In this study, 51% of men and 62% of women were
positive for CMV-specific Ig; these data are comparable to seroprevalence data from France
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Fig 1. Estimated CMV seroprevalence (in percent) and 95% CI in adults in Germany, by age group and sex. In addition, overall
seroprevalence and 95% CI by sex (men = light grey, women = dark grey) are shown on the right. Germany, n = 6552, sera collected 1998-1999.

https://doi.org/10.1371/journal.pone.0200267.9001

Table 2. Results of univariable (crude PR) and multivariable model (adjusted PR) with CMV seropositivity as the dependent variable; data set stratified by gender;
Germany (sera collected 1998-1999, n = 6552).

Variables Men Women
Crude PR (95%CI) Fully adjusted PR (95%CI)* Crude PR (95%CI) Fully adjusted PR (95%CI)*
Age in years Country of Birth 1.01 (1.01-1.02) 1.02 (1.01-1.02) 1.01 (1.01-1.01) 1.02 (1.01-1.02)
Germany 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
Other | 1.85(1.70-2.02) 1.76 (1.62-1.92) 1.50 (1.41-1.60) 1.52 (1.41-1.63)
Smoking status Non-smoking 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)

Previous smoking

1.27 (1.15-1.42)

1.10 (1.00-1.21)

0.92 (0.84-1.01)

1.02 (0.94-1.11)

Smoking 1.11 (1.00-1.23) 1.11 (1.01-1.21) 0.95 (0.88-1.02) 1.12 (1.04-1.20)
Region I in Germany South 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
Middle | 1.13 (1.02-1.25) 1.15 (1.05-1.27) 1.13 (1.03-1.23) 1.08(0.98-1.19)
North | 1.11 (1.00-1.24) 1.16 (1.04-1.29) 1.15 (1.04-1.27) 1.13 (1.03-1.24)
No of household members <18 yrs 1.03 (0.99-1.07) 1.07 (1.03-1.12) 0.96 (0.92-1.00) 1.05 (1.01-1.09)
Education Low 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
Middle | 0.74 (0.67-0.81) 0.85 (0.77-0.93) 0.78 (0.73-0.83) 0.92 (0.86-0.98)
High 0.75 (0.66-0.84) 0.82 (0.72-0.92) 0.77 (0.70-0.85) 0.90 (0.82-1.00)
Attended child care No 1 (Ref) 1 (Ref) 1 (Ref) ns
Yes|  0.71 (0.65-0.78) 0.91 (0.83-1.00) 0.81 (0.75-0.87)
Region II in Germany West 1 (Ref) ns" 1 (Ref) 1 (Ref)
East 1.02 (0.93-1.11) 1.15 (1.04-1.19) 1.15 (1.08-1.23)
No of children grown up with 1.07 (1.05-1.09) ns* 1.02 (1.01-1.03) 1.01 (1.00-1.02)

* Mutually adjusted for all other variables in the model,

* ns = Variables were not significantly associated with CMV seroprevalence in the final model and therefore excluded

https://doi.org/10.1371/journal.pone.0200267.t002
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and the Netherlands [24, 25]. In contrast, populations in Portugal (77%), Sweden (83%) and
Croatia (77%) seem to have slightly higher CMV seroprevalence [26-28].

In our study, age and country of birth were the most prominent independent factors associ-
ated with CMV seropositivity as it was shown in studies from other countries [1, 29, 30]. The
increase of CMV seroprevalence with age is well known and results from cumulative exposure
to CMV throughout life. The association between country of birth and CMV seroprevalence
has been shown previously [1, 25, 31, 32]. Seroprevalence differences between countries may
be explained by differences in the prevalence of key exposures related to CMV transmission:
breastfeeding frequency and duration, crowding, childcare arrangements and sexual behav-
iours [1].

CMV seroprevalence is usually higher in women than in men, which indicates that the
exposure to CMV might be partially different between genders. In most publications investi-
gating factors associated with CMV seropositivity, gender is being adjusted for but not ana-
lysed separately. Using the stratified approach for gender the results shown here indicate that
factors associated with CMV seropositivity indeed varied partially between men and women.
The number of siblings was associated with CMV seropositivity only in women and not in
men. One reason may be different playing behaviours and traditional role patterns, with
women having been more involved in caring for their siblings in childhood and therefore
more exposed to CMV shed by young children. In line with the high risk of CMV transmission
from young children, the number of household members under the age of 18 years was associ-
ated with CMV seropositivity. Since the number of children raised was not available, the vari-
able “number of household members under the age of 18 years” was used as a proxy. However,
this proxy probably underestimated the real number of raised children. Young children consti-
tute a well-known source of CMV because they often excrete large amounts of virus in their
saliva and urine for a long time and therefore attending childcare is usually associated with
higher CMV seroprevalence [30, 32, 33]. It is unclear, why in our study having attended child-
care was not associated with CMV seropositivity in women and was associated with lower
CMV seropositivity in men. In the past, child care settings differed in East and West Germany
and also changed over time hindering interpretation. As in other studies, higher education was
inversely associated with CMV seropositivity in this study [24, 25, 32, 34, 35]. Moreover it is
known that smoking has an influence on the immune system and thereby on viral infections
[36]. As in our study, smoking has also been shown to be associated with CMV seropositivity
previously but it is still unclear if smoking has a direct effect on CMV infection or if it is a
proxy for other lifestyle factors [37, 38]. Our results indicate that there were significant
regional differences in the CMV seroprevalence in Germany as has been shown for other
countries [25, 26, 39]. More lifestyle and behavioural data would be necessary to investigate
what causes these regional differences.

In our study 51.7% of women of childbearing age were estimated to be CMV seropositive;
thus, around half of women aged 18 to 45 years were susceptible for primary CMV infection.
However, congenital CMV infections can occur both as a result of primary infection and after
a reinfection or reactivation of latent CMV infection. A meta-analysis of Kenneson et al. esti-
mated that 32% of primary infections and 1.4% of recurrent infections during pregnancy lead
to congenital infection [40]. Due to high CMV seroprevalence globally, seropositive mothers
account for the majority of CMV-induced permanent disabilities in children, even though
the risk for congenital infection is higher in primary infections [40]. However, due to the
relatively low seroprevalence, in Germany primary CMV infections during pregnancy are epi-
demiologically more important than reinfections and reactivation in CMV-seropositive preg-
nant women [41]. In a recent literature review Buxmann et al. estimated that annually 700
1400 children in Germany suffer from severe permanent disabilities due to congenital CMV
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[41]. Primary CMV infection (and probably reinfections) can be reduced significantly if
women are educated about CMV transmission and preventive hygiene behaviours [10-14].
Despite the high disease burden, few women are aware of the risk of congenital CMV infection
and CMV screening is not part of routine antenatal test [7-9, 42, 43]. If informed about pre-
ventive measures, women showed positive attitudes toward CMV prevention behaviours and
perceived them as feasible [8]. These CMV prevention behaviours include washing hands after
exposure to young children’s bodily fluids, not sharing food, cups, or other utensils with chil-
dren, not putting a pacifier in the mouth after it had been in a child’s mouth, and not kissing
children on the lips [8, 14]. The results from this study suggest that many women of child-
bearing age are at risk of primary CMV infection and that there are no easily identifiable high-
risk groups.

To date, there is no vaccine available that prevents primary or reactivation of CMV infec-
tion even though a vaccine would be the best chance to reduce the burden of CMV infection.
However, several vaccine candidates are in clinical development, and a vaccine against CMV
was classified as a top priority by “The National Vaccine Advisory Committee” in the US in
2004 which has triggered commercial interest [15-19]. In order to develop public health rec-
ommendations regarding the use of a CMV vaccine once available in the future, representative
epidemiological data on the susceptibility of the population and the burden of CMV infection
are essential. Since there are no population-based seroprevalence data for CMV antibodies
available for Germany, the present study was conducted. Knowledge about population-based
age-stratified CMV prevalence is necessary for the design of age-specific vaccination strategies
[44]. Therefore population based surveys, such as the GNHIES98, provide useful seropreva-
lence data to be included in transmission models and to inform future vaccination strategies.
Beyond the primary goal of reducing congenital CMV infection, the reduction in CMV trans-
mission achieved by CMV vaccination could have further indirect benefits in terms of lower-
ing CMV incidence in the immunocompromised and the elderly in an ageing population [44].
Meanwhile, CMV screening during pregnancy and educating women about CMV risk reduc-
tion measures could reduce congenital CMV infections with its serious consequences.

CMYV seropositivity in our study was measured by GST-based multiplex serology assay
which showed excellent sensitivity and specificity values in a validation study but may not be
identical to estimates measured using other assays. The use of an assay which detects IgG, IgA
and IgM simultaneously achieves high sensitivity but unfortunately it is not possible to analyse
the different Ig-classes separately.

A major strength of this study was the use of a representative population-based sample to
determine CMYV seroprevalence. Because of the large sample size and the population-wide
weighted sampling procedure the study also had sufficient statistical power to enable a
reliable multivariable analysis of factors associated with CMV seropositivity. Even though a
weighting factor was used in the analysis and a high response of 61% among eligible persons
was achieved, some bias might be present since institutionalized persons and persons with
inadequate German language skills were excluded. For this reason, the subpopulation of
migrants in this study is not representative for migrants in Germany. In addition, for some fac-
tors, the individual status at the time of the survey may not reflect past exposure.

One important limitation is the age of the data used for this study. The sera were collected
in 1998 and the CMV seroprevalence in the present population in Germany might have
changed since then. Even though it can be assumed that CMV seroprevalence did not change
substantially in the last 20 years (due to the long co-evolution between humans and human
CMYV [45]), further seroprevalence studies are necessary to confirm CMV seroprevalence in
the present population in Germany. Due to changing circumstances (German reunification),
lifestyle and behaviours (e.g. higher level of mobility of people moving around Germany,
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higher rate of children visiting day-care facilities) might have changed substantially in the pop-
ulation of Germany over the last 20 years which might affect CMV seroprevalence as well.
Especially the immigration of refugees in the recent years should be considered in future sur-
veys. Studies in the US showed no changes in the CMV seroprevalence of the total population,
whereas studies in pregnant women only showed decreasing seroprevalence in Japan and
increasing CMV seroprevalence in Norway [39, 46-48]. Since the participants in GNHIES98
constitute the baseline cohort for health interviews and examinations that were conducted in
2008-2011, the results from this study could also provide an excellent baseline for a longitudi-
nal serosurvey. Longitudinal analysis would be essential to investigate if CMV seroprevalence
changed over the last 20 years and if so which factors were associated with it.

Conclusion

In conclusion, our study constitutes the first population-based seroprevalence data based on a
large sample representative for the adult population living in Germany. These data indicate
that a substantial proportion of women in childbearing age were susceptible to primary CMV
infection. Further seroprevalence studies with more recent data are necessary to evaluate CMV
seroprevalence in the German population and to better understand the epidemiology of CMV
infection. As long as no effective vaccine is commercially available, the primary prevention
measure should be educating women about CMV risk reduction measures.
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Background: Human Papillomavirus (HPV) vaccination of girls was introduced in Germany in 2007.
However, data on the distribution of vaccine-relevant HPV types in the general population in Germany in
the prevaccine era are limited.
Methods: Serum samples collected during the German National Health Interview and Examination
Survey 1998 (GNHIES98), a nationally representative study including men and women aged 18-79 years,
were tested for antibodies to 19 mucosal and cutaneous HPV types. Multivariable regression models were
developed to identify associations between demographic and behavioral characteristics and HPV
seropositivity.
Results: Of the 6517 serum samples tested, almost a quarter was seropositive for at least one of the nine
HPV vaccine types with no clear age-pattern. HPV-6 and HPV-59 were the most common mucosal types,
while HPV-1 and HPV-4 were the most common cutaneous HPV types. Factors independently associated
with HPV-16 seroprevalence were seropositive to other sexually transmitted infections and lifetime
number of sex partners, as well as urbanity (only among females).
Conclusions: Prevalence of naturally acquired antibodies to HPV types which can be prevented by
vaccination is high in both sexes and all age groups. These data can serve as baseline estimates to evaluate
the population-level impact of the current vaccination strategy.
© 2019 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Examination Survey 1998; HPV, human papillomavirus; HPV-LR, low risk HPV
types: 6, 11; HPV-HR, high risk HPV types: 16, 18, 31, 33, 35, 39, 45, 52, 58, 59; HPV-
cut, cutaneous HPV types: 1, 4, 8, 10, 38, 41, 49; HPV-muc, mucosal HPV types: 6, 11,
16, 18, 31, 33, 35, 39, 45, 52, 58, 59; HPV-2val, HPV types in the bivalent vaccine: 16,
18; HPV-4val, HPV types in the quadrivalent vaccine: 6, 11, 16, 18; HPV-9val, HPV
types in the nonavalent vaccine: 6,11, 16, 18, 31, 33, 45, 52, 58; PR, prevalence ratio;
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seropositivity for at least one of the following sexually transmitted infections:
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About 200 different mucosal and cutaneous Human Papilloma-
virus (HPV) types have been characterized (Van Doorslaer et al.,
2017), but only a small fraction is classified as oncogenic by the
International Agency for Research on Cancer (IARC) (International
Agency on Research on Cancer (IARC), 2012). The so-called high-
risk (HR) types are considered to be causative agents of various
types of precancerous lesions and cancer in women and men
(International Agency on Research on Cancer (IARC), 2012;
Schiffman et al., 2007). This group includes HPV types 16 and 18
as well as e.g,, 31, 33, 35, 45, 52, and 58. External benign genital
warts are mainly caused by low risk (LR) types 6 and 11
(International Agency on Research on Cancer (IARC), 2012).
Cutaneous HPV types of different genera are common on healthy
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skin (Antonsson et al., 2000). However, they are also found in
several skin lesions such as benign skin warts (de Villiers et al.,
2004; International Agency on Research on Cancer (IARC), 2012),
and some types have been discussed to be involved in skin
carcinogenesis (Hufbauer and Akgil, 2017).

HPV prevalence differs mainly by HPV type but also by
anatomical infection site and age (Iftner et al., 2010). Genital
mucosal HPV are common sexually transmitted pathogens,
but most HPV-infected persons develop no visible signs or
symptoms. The majority of genital HPV infections are cleared
within 12-24 months (Trottier and Franco, 2006 ), and persistent
HPV infections with particular HR types are associated with an
increased risk of anogenital or oropharyngeal cancer (de Villiers
et al., 2004; International Agency on Research on Cancer (IARC),
2012; Schiffman et al.,, 2009). DNA testing has become the
reference standard for the detection of current HPV infections
(Abreu et al., 2012). However, it is not an appropriate method
to assess previous infections (Robbins et al., 2014). Testing for
HPV-specific antibodies provides information about past HPV
exposure (Robbins et al., 2014; Tiggelaar et al., 2012). Therefore,
HPV serology has been established as an important method for
population-based studies focusing on type-specific cumulative
lifetime exposure to HPV.

In Germany, HPV vaccination of girls has been introduced in
2007. Only limited data are available on the prevalence of HPV
HR and LR types in the adult population of Germany (Michael
et al., 2008). Previous studies were mainly performed in highly
selected populations and focused on DNA prevalence in young
women (Delere et al., 2014; Hauck et al., 2015; Iftner et al., 2010;
Petry et al., 2013; Remschmidt et al., 2013). Worldwide, only a
few population-based studies have focused on type-specific
seroprevalence in men and women (Liu et al., 2016; Markowitz
et al., 2009; Newall et al., 2008; Scherpenisse et al., 2012). The
aim of our study was to determine the seroprevalence and
associated risk factors of 19 HPV types in 18-79 year-old women
and men living in Germany during the prevaccine era, using
blood samples from a large countrywide population-based
survey.

Subjects, materials, and methods
Study population and design

HPV seroprevalence was assessed by using archived serum
samples from a cross-sectional population-based health survey.
The German National Health Interview and Examination Survey
1998 (GNHIES98) was carried out by the Robert Koch Institute
from October 1997 to March 1999. It was the first nationwide
representative survey on the health status of Germany's adult
population after the German reunification (Bellach et al., 1998).
Participants were recruited using a two-stage stratified cluster
sampling design (for a detailed description of the study design,
see (Bellach et al., 1998; Scheidt-Nave et al., 2012)). In brief, the
first stage selection comprised 120 cities and municipalities,
representative regarding size, location and structure (urbaniza-
tion, regional population density, and administrative borders) for
all German communities. In the second stage a representative
sample of the residential population aged 18-79 years was drawn
from local population registers of the selected communities. In
total 7,124 participants (response rate 61.4%) were interviewed,
medically examined, and blood and urine samples were collected.
Serum samples were stored at —20°C. The study was conducted
according to the Federal and State Commissioners for Data
Protection guidelines and was approved by the Federal Commis-
sioner for Data Protection. Informed consent was obtained from
all participants.

Multiplex serology

In 2016/2017, the stored serum samples were tested for
antibodies to the major capsid (L1) protein of 19 different HPV
genotypes at the German Cancer Research Center (DKFZ) in
Heidelberg. HPV types were selected for analysis based on the
following criteria: public health relevance, carcinogenic potential,
disease outcome, and genus- and species-specific broad distribu-
tion (for cutaneous types) (Supplementary Figure 1). The test panel
included twelve mucosal (alpha: 6, 11, 16, 18, 31, 33, 35, 39, 45, 52,
58, 59) and seven cutaneous (alpha: 10; beta: 8, 38, 49; gamma: 4;
nu: 41; mu: 1) HPV genotypes. Serological testing was done by a
glutathione S-transferase (GST) capture immunoassay in combi-
nation with fluorescent bead technology as previously described
(Waterboer et al., 2005). Type-specific HPV seroreactivity was
measured in median fluorescence intensity (MFI) units and
seropositivity was calculated based on previously established
cut-off- values (Clifford et al., 2007). In addition, antibodies against
the following other sexually transmitted infections (STI) were
determined using the same assay: Mycoplasma genitalium (Mg),
Herpes simplex virus 2 (HSV2) and Chlamydia trachomatis (Ct).

Statistical analysis

Seroprevalence was calculated for all 19 types separately and
for the following groups of HPV types: HR types (HPV-HR: 16, 18,
31, 33, 35, 39, 45, 52, 58, 59), LR types: (HPV-LR: 6, 11), mucosal
types (HPV-muc: 6, 11, 16, 18, 31, 33, 35, 39, 45, 52, 58, 59),
cutaneous types (HPV-cut: 1, 4, 8, 10, 38, 41, 49), types included in
the bivalent vaccine (HPV-2val: 16, 18), types included in the
quadrivalent vaccine (HPV-4val: 6,11, 16, 18), and types included in
the nonavalent vaccine (HPV-9val: 6, 11, 16, 18, 31, 33, 45, 52, 58)
(Supplementary Figure 1). Seroprevalence was calculated as the
weighted proportion of participants seropositive to at least one of
the HPV types included in one group. Differences regarding
demographic and behavioral characteristic of participants strati-
fied by sex were evaluated. All estimates were calculated by
applying a survey weight, adopting the study sample to the
population structure of Germany in 1997 in terms of age, sex, state,
size of municipality, education, German/non-German nationality,
and the regional distribution between East and West Germany
(Thefeld et al., 1999). Age was categorized into 10-year groups (30-
39, 40-49, 50-59, 60-69, 70-79), except for younger participants,
which were categorized into the age groups 18-24 and 25-29 to be
able to identify differences due to sexual behavior. Region of
residence was split into two variables. Region of residence I, West
and East Germany, takes into account the former boarders of the
German Democratic Republic and the Federal Republic of Germany
from 1949 to 1990. Region of Residence II describes the different
states in Germany and is categorized into northern (Berlin,
Brandenburg, Bremen, Hamburg, Lower Saxony, Mecklenburg-
West Pomerania, Schleswig-Holstein), central (Hesse, North
Rhine-Westphalia, Saxony, Saxony-Anhalt, Thuringia) and south-
ern Germany (Baden-Wiirttemberg, Bavaria, Rhineland-Palatinate,
Saarland). Urbanity was categorized as rural (<5000 residents),
small city (5000-<20,000 residents), medium-sized city (20,000-
<100,000 residents) and large city (>100,000 residents). Education
refers to the highest academic qualification achieved and is
categorized into low, middle and high based on the International
Standard Classification of Education (ISCED) (1997). Seropositivity
for any other sexually transmitted infection (STI+) was categorized
as the status of being seropositive for at least one of the three
tested STI. We categorized the lifetime number of sexual partners
(LNSP) into the following groups: 0, 1, 2-4, 5-9, and >10 partners.

Chi2-Tests were used to test for statistical significance in
categorical variables (p<0.05) and logit transformation was
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applied to calculate 95% confidence intervals (CI). Univariable
analysis was applied to identify associations of various demo-
graphic and behavioral characteristics with type-specific and HPV
group seropositivity. Multivariable weighted binomial regression
models were developed estimating adjusted prevalence ratios and
their 95% CI for females and males separately. All factors with a p-
value <0.05 in univariable analysis were included in the
multivariable regression model. Data management and statistical
analysis were conducted using Stata, Version 14 (STATA Corp.,
College Station, TX, US).

Results

Serum samples of 6517 participants were successfully tested for
HPV antibodies and included in this study (Figure 1). Included
participants were not different to the full GNHIES98 sample
regarding all baseline socio-demographic characteristics (Supple-
mentary Table 1). Demographic characteristics of the participants
are shown in Table 1.

Mucosal HPV types

Sex- and age-specific seroprevalences of the twelve mucosal
HPV types are presented in Table 2. Seroprevalence ranged from
1.3% (HPV-33) to 12.0% (HPV-6). Overall seroprevalence of HPV
types 6, 11, 16 and 18 were 12.8%, 4.8%, 8.7% and 6.9% among
females, and 11.2%, 3.3%, 4.7% and 5.5% among males, respectively
(Table 2). Analyzing all age groups together, we found slightly
higher HPV seroprevalences of individual mucosal HPV types in
females compared to males in all types except HPV-35.

Seroprevalences of the various HPV types differed by age group,
showing heterogeneous age patterns. Among females, the lowest
seroprevalences of mucosal HPV types were observed in the
youngest age groups, except for HPV-6 and HPV-35, where lowest
seroprevalences were found in the oldest age groups (Table 2).
Compared to younger age groups, seroprevalences slightly
increased in the 30-39 or 40-49-year-olds and remained relatively
stable thereafter. Among females, HPV-16 seroprevalence in-
creased from 5.0% in 18-24-year-olds to a first peak in 30-39-year-
olds (9.6%) and had a second peak in the age group 60-69 years
(10.7%; Table 2). The same pattern was also observed in HPV-6,
HPV-11 and HPV-18 but with the first peak in 40-49-year-olds.
Among males, the highest seroprevalence was found in the age
group 30-59 years. For some HPV types (6, 11, 31, 45, and 52) we
found a decrease in seroprevalence between 18-24-year-old and
25-29-year-old males. HPV-16 slightly increased from 2.7% in 18-
24-year-olds to 4.5% in 25-29-year-olds and thereafter remained

7,124 GNHIES98 participants

549 participants without blood samples

6,575 participants with blood samples

58 participants without HPV serology

6,517 participants of the HPV
seroprevalence study

Figure 1. Flow chart of study participants of the HPV seroprevalence study, 2016/
2017. Sera were collected throughout the German National Health Interview and
Examination Survey (GNHIES98).1997-1999.

Table 1
Demographic Characteristics of the Study Participants by Sex, HPV Seroprevalence
Study (n=6517), 2016/2017 (sera collected 1997-1999).

Females Males

Subjects, No.  %° Subjects, No.  %°

Overall 3,356 50.6 3,161 49.4
Age group (y)
18-24 305 94 342 10.0
25-29 274 92 237 9.2
30-39 729 214 709 242
40-49 635 178 588 19.1
50-59 636 16.5 624 171
60-69 492 14.7 448 13.5
70-79 285 11.0 213 6.8
Region of Residence |
East 1,165 209 1,060 20.9
West 2,191 79.1 2,01 79.1
Region of Residence II
Northern Germany 872 258 794 26.4
Central Germany 1,535 411 1,454 40.7
Southern Germany 949 331 913 33.0
Country of Birth
Germany 2,943 83.8 2,797 84.1
Other 315 13.5 286 13.2
NA 98 2.7 78 2.7
Urbanity
Rural 787 201 758 20.3
Small City 694 18.8 694 20.6
Medium-sized City 863 285 784 27.0
Large City 1,012 326 925 321
History of Smoking
No 1,823 546 1,070 334
Yes 1,443 42.8 2,029 64.4
NA 90 26 62 23
Education
Low 736 296 378 16.7
Middle 1,960 534 1,695 54.0
High 562 142 1011 26.5
NA 98 27 77 28
Seropositive for any other STI
No 1,462 442 1344 423
Yes 1,894 55.8 1,817 57.7
Lifetime sex partners
0 29 11 30 0.9
1 702 209 442 13.6
2-4 838 240 604 18.4
5-9 311 93 402 124
>10 136 39 387 12.8
NA 1,340 409 1,296 41.8
History of Use of Contraceptives
No 2,637 798 - -
Yes 704 198 - -
NA 15 05 - —

NA, not available.
2 Weighted percentage STI, sexually transmitted infection (i.e. Mycoplasma
genitalium, Herpes simplex virus 2, or Chlamydia trachomatis).

relatively stable with the highest prevalence of 5.7% among men
aged 50-59 years.

There were only slight regional differences in type-specific HPV
seroprevalence. HPV-16 seroprevalence was lowest among males
in South Germany (3.4%, 95% Cl 2.4%-4.7%) compared to North
(5.2%, 95% CI 4.1%-6.6%) and central Germany (5.3%, 95% CI 4.2%-
6.8%) (p=0.042). Compared to males living in East Germany (5.9%,
95% Cl 4.8%-7.4%), males in West Germany had lower HPV-16
seroprevalence (4.3%, 95% Cl 3.6%-5.3%, p=0.039). We observed no
regional differences in HPV-16 seroprevalence among females
(data not shown).

Cutaneous HPV types
Type-specific cutaneous HPV seroprevalence ranged from 8.7%

(HPV-41) to 34.7% (HPV-4). The most prevalent cutaneous HPV
types were 1, 4, and 8 with 34.5%, 33.9%, 18.3% among females, and
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33.6%, 35.6%, 19.6% among males, respectively. Additional data on
cutaneous HPV seroprevalence are provided in Supplementary
Table 2. Compared to mucosal types, we did not find any significant
type-specific differences between both sexes. For some cutaneous
HPV types, i.e., 8, 10, 38 and 49, we observed a general increase in
HPV seroprevalence with age. The age pattern of HPV-1 clearly
differed with a steady decrease from 46.4% to 21.3% among females
and 39.8% to 26.6% among males.

Grouped HPV types

Seropositivity against at least one mucosal HPV type (HPV-muc,
35.3%) or any HPV-HR type (HPV-HR, 27.9%) showed slight but
statistically significant higher seroprevalences in females as
compared to male participants (Table 3). This constellation was
also observed in other subgroups (HPV-2val, HPV-4val, HPV-9val,
HPV-LR), reflecting mainly the sex-specific seroprevalence differ-
ences in HPV-6, HPV-11 and HPV-16. Age-specific seroprevalences
for HPV types included in the vaccines and for those assigned to the
HR and LR group are shown in Figure 2 and Figure 3.

Multiple seropositivity

While 18.4% were positive for only one HPV-HR type, 4.9% were
positive for two and 4.6% for >3 different HPV-HR types
(Supplementary Table 3). There was no significant difference in
this distribution between females and males.

Risk factors

The risk factor analysis was restricted to HPV types included in
the 4-valent vaccine and the HR and LR type groups. The results
related to HPV-16 are shown in Table 4; the remaining results are
shown in the supplement (Supplementary Table 4-Supplementary
Table 8). In univariable analysis, STI+, LNSP, age and urbanity were

Table 3

significantly associated with HPV-16 seropositivity among females
(Table 4), and were therefore included in our final multivariable
model. In the model, all variables remained significantly associated
with HPV-16 seropositivity except age. Females living in medium-
sized cities were more likely to be seropositive than females living
in rural areas, small or large cities. STI+ females as well as females
with higher LNSP were more likely to be HPV-16 seropositive.
Among males, STI+, LNSP, age and region of residence were
significantly associated with HPV-16 seropositivity in the uni-
variable analysis. In the multivariable analysis, STI+ was associated
with higher HPV-16 seropositivity, while living in the southern
part of Germany was associated with lower HPV-16 seropositivity.

Discussion

We assessed the prevalence of antibodies against 19 different
mucosal and cutaneous HPV types in the adult population in
Germany before the introduction of routine female HPV vaccina-
tion. Therefore, these data provide an estimate of naturally
acquired and cumulative type-specific HPV exposure (Robbins
et al., 2014). Being positive for any HPV type included in the
recently licensed 9-valent HPV vaccine was common with 26.9%
among females and 22.8% among males. Being seropositive for any
other tested STI and having a higher lifetime number of sexual
partners were the strongest factors associated with HPV-16
seropositivity.

Most previous studies on HPV infections in Germany were
based on HPV DNA in genital samples collected from young women
(Delere et al., 2014; Iftner et al., 2010; Petry et al., 2013). Using this
approach, one study showed that HPV-16 was the predominant
vaccine-relevant HPV-HR genotype in Germany with 19.5% among
20-22-year-old females (Delere et al., 2014). This was also
observed in other HPV DNA studies in Germany and is in
accordance with data collected worldwide (Bruni et al., 2010; de
Sanjose et al., 2007; Iftner et al., 2010; Petry et al., 2013). Compared

Seroprevalence of grouped Human Papillomavirus (HPV) Types by Sex, HPV Seroprevalence Study (n=6517), 2016/2017 (sera collected 1997-1999).

HPV types, grouped Overall

Seroprevalence, % (95% CI)

=1 of 2-valent vaccine (HPV-2val)
>1 of 4-valent vaccine (HPV-4val)
>1 of 9-valent vaccine (HPV-9val)
>1 of mucosal (HPV-muc)

>1 of cutaneous (HPV-cut)

>1 of High Risk (HPV-HR)

>1 of Low Risk (HPV-LR)

10.7 (9.9-11.6)

20.6 (19.5-21.8)
249 (23.7-26.1)
35.3 (33.7-36.8)
63.6 (61.9-65.2)
279 (26.4-29.4)
13.3 (12.3-144)

Female Male p-Value’
12.7 (114-141) 8.7 (7.5-9.9) <0.01
22.9 (21.3-24.6) 18.3 (16.9-19.8) <0.01
269 (25.1-28.8) 22.8 (214-243) <001
36.9 (34.8-39.0) 33.6 (31.7-35.6) <0.05
62.5 (60.6-64.4) 64.7 (62.2-67.0) 014
29.3 (27.3-314) 26.4 (24.5-28.3) <0.05
14.6 (13.2-16.0) 12.0 (10.8-13.4) <0.01

" Females vs males.

40%

30%

Seroprevalence
) S
X X

Q
X

mlfuﬂfiilm il

18-24 25-29 30-39 40-49 50-59 60-69

Age groups
= HPV-LR HPV-HR = HPV-2val = HPV-4val = HPV-9val

70-79

Figure 2. Seropositivity of grouped Human Papillomavirus (HPV) types in 3356 females living in Germany by age (HPV-LR: >1 of 6 or 11; HPV-HR: >1 of 16 or 18; HPV-2val:
>1 of 6 or 11; HPV-4val: >1 of 6, 11, 16 or 18; HPV-9val: >1 of 6, 11, 16, 18, 31, 33, 45, 52 or 58). HPV seroprevalence study 2016/2017 (sera collected 1997-1999).
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Figure 3. Seropositivity of grouped Human Papillomavirus (HPV) types in 3161 males by age (HPV-LR: >1 of 6 or 11; HPV-HR: >1 of 16 or 18; HPV-2val: >1 of 6 or 11; HPV-
4val: =1 of 6, 11, 16 or 18; HPV-9val: >1 of 6, 11, 16, 18, 31, 33, 45, 52 or 58). HPV seroprevalence study 2016/2017 (sera collected 1997-1999).

Table 4
Factors Associated with Seropositivity to Human Papillomavirus Type 16 Stratified by Sex, HPV Seroprevalence Study, 2016/2017 (sera collected 1997-1999),

Females Males

Crude PR (95% CI) Fully aPR (95% CI) % Crude PR (95% CI)

Variable

Fully aPR (95% CI)

Age groups (y)
18-24
25-29
30-39
40-49
50-59
60-69
70-79
Region of residence |
East Germany
West Germany
Region of residence II
Northern Germany
Central Germany
Southern Germany
Country of birth
Germany
Other
Urbanity
Rural
Small city
Medium-sized city
Large city
History of smoking
No
Yes
Education
Low
Middle
High
Seropositive for any other STI
No
Yes
Lifetime no. of sex partners
0

Ul N =

-4
-9
=10

A

History of use of oral contraceptives

No
Yes

zZV

Reference

1.49 (0.69-3.18)
1.91 (1.09-3.35)
1.63 (0.93-2.87)
1.85 (1.06-3.23)
213 (1.16-3.93)
1.62 (0.85-3.08)

Reference
0.81 (0.65-1.02)

Reference
1.17 (0.86-1.60)
1.03 (0.71-1.48)

Reference
1.01 (0.63-1.62)

Reference

0.94 (0.63-1.40)
1.44 (1.02-2.02)
1.06 (0.74-1.51)

Reference
1.12 (0.86-1.46)

1.24 (0.90-1.72)
Reference
0.95 (0.68-1.32)

Reference
2.48 (1.84-3.34)

no*

Reference

1.31 (0.91-1.88)
2.17 (1.33-3.52)
2.40 (1.39-4.13)
1.85 (1.25-2.74)

Reference
1.02 (0.77-1.35)

Reference

1.17 (0.54-2.53)
1.45 (0.83-2.55)
1.21 (0.69-2.10)
1.45 (0.84-2.50)
1.61 (0.90-2.89)
1.16 (0.61-2.20)
na*

na*
na*
na
na

*

*

*

na
na*
Reference

0.95 (0.64-1.39)
1.48 (1.07-2.04)
1.01 (0.72-1.43)
na*

na

*

*

na*
na*

Reference
2.29 (1.67-3.12)

no*

Reference

1.23 (0.85-1.79)
1.83 (1.10-3.04)
1.97 (1.07-3.63)
1.63 (1.13-2.36)
na*

na

*

Reference

1.68 (0.64-4.40)
1.76 (0.81-3.84)
2.00 (0.86-4.62)
212 (1.03-4.38)
1.51 (0.69-3.29)
1.61 (0.61-4.27)

Reference
0.73 (0.55-0.98)

Reference
1.02 (0.73-1.43)
0.64 (0.43-0.97)

Reference
0.88 (0.43-1.80)

Reference

1.25 (0.75-2.06)
1.47 (0.94-2.30)
1.26 (0.83-1.91)

Reference
0.73 (0.51-1.06)

0.81 (0.41-1.59)
Reference
112 (0.81-1.55)

Reference
2.73 (1.72-4.35)

2.65 (0.53-13.16)
Reference

1.46 (0.66-3.20)

1.70 (0.76-3.81)

2.46 (1.24-4.87)

2.09 (1.18-3.71)

Reference

1.61 (0.61-4.22)
1.51 (0.67-3.42)
1.67 (0.71-3.93)
1.90 (0.90-4.00)
1.32 (0.59-2.94)
1.43 (0.53-3.88)

Reference
0.89 (0.65-1.22)

Reference

1.04 (0.75-1.44)
0.69 (0.45-1.07)
na*

na*

na

Reference
2.51 (1.56-4.04)

3.08 (0.63-15.09)
Reference

1.36 (0.63-2.93)
1.55 (0.70-3.41)
2.00 (1.02-3.93)
1.88 (1.07-3.29)

Abbreviations: aPR, adjusted prevalence ratio; Cl, confidence interval; na, not available; STI, sexually transmitted infection.
na* variables were not significantly associated with HPV seroprevalence in the univariable model and therefore not included in the fully adjusted model.

no* no observations in categories.

$ the aPR are adjusted for all variables which are listed in the table and remained in the final model.

Statistically significant PR are shown in bold font.
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to other vaccine-relevant HPV-HR types, HPV-16 was also the most
prevalent in our study, which is in agreement with previous HPV
seroprevalence studies (Liu et al., 2016; Scherpenisse et al., 2012),
even though comparing serological results based on different
assays remains difficult. Apart from methodological differences,
heterogeneity in HPV-16 seroprevalence among populations in
different countries and regions has to be taken into account
(Vaccarella et al., 2010). In general, HPV-16 seroprevalence was
lower in our study compared to other population-based seroprev-
alence studies (Liu et al., 2016; Markowitz et al., 2009; Newall et al.,
2008; Wang et al., 2003). However, in a seroprevalence study with
sera from 34-82-year-old adults in Germany collected in the late
1980s, HPV-16 seroprevalence among females was only slightly
higher than in our study (10.4%), and nearly the same for males
(4.3%) (Michael et al., 2008). Regarding the four vaccine-relevant
HPV types 6, 11, 16 and 18, we observed similar results with the
highest seroprevalence in HPV-6 as reported in other population-
based HPV seroprevalence studies (Introcaso et al., 2014; Liu et al.,
2016; Markowitz et al., 2009; Newall et al., 2008).

The overall lower seroprevalence in mucosal HPV types among
males compared to females is consistent with other studies
(Markowitz et al., 2009; Michael et al., 2008; Newall et al., 2008;
Scherpenisse et al., 2012), even though the quantitative difference
of HPV seroprevalence between men and women varies. While
population studies in the US (Markowitz et al., 2009) and England
(Desai et al., 2011) showed a greater difference (depending on the
HPV types) in seroprevalence between women and men, the
observed differences were less strong in our results as also
observed in other population surveys in the Netherlands (Scher-
penisse et al., 2012) or Australia (Newall et al., 2008). The overall
sex difference has not been observed in studies using HPV DNA
assays, where men had similar HPV infection rates and a relative
stable risk for acquiring new HPV infections over age (Dunne et al.,
2006; Giuliano et al., 2011). The difference in mucosal HPV
seroprevalence might be a result of a different (keratinized)
epithelium at the infection site, but has also been attributed to a
shorter average duration of infection in men, leading to a reduced
chance of developing HPV antibodies (Carter et al, 2000;
Markowitz et al., 2009). Our present findings showed that HPV-
4val seropositivity peaked later among men (40-49-year-olds)
than among women, which was comparable to seroprevalence
data from Australia (32% at 40-49-year-olds) and the US (18% at
50-59-year-olds) (Markowitz et al., 2009; Newall et al., 2008).

Population-wide surveys offer the opportunity to draw con-
clusions on trends over age groups. We observed a slight increase
in HPV-HR seroprevalence mainly among females in the youngest
age groups, from 18 to 24 years to 30-39 years, which is consistent
with other seroprevalence studies (Liu et al.,, 2016), probably
reflecting the onset of sexual activity and the increasing number of
sex partners in those age groups. HPV-4val among females was
generally lower and reached a later age peak with 26.7% in 40-49-
year-olds compared to peak seropositivity at 30-39-year-olds in
Australia (39%) and the US (42%) (Markowitz et al., 2009; Newall
et al., 2008). We also observed a lower HPV-9val seropositivity in
females in our study as compared to a study from the US (40.5%),
while HPV-9val prevalence in males was comparable between
these two studies (Markowitz et al., 2009).

In contrast to other studies, we did not observe in older age
groups a lower seroprevalence in vaccine-relevant HPV types,
except for HPV6 and HPV58 in males. This lower seroprevalence in
older age groups was explained by other authors as a result of
cohort effects or waning antibodies, even though the humoral
response is considered to be relatively stable over time (Newall
et al., 2008; Ryser et al., 2017; Tiggelaar et al., 2012; Wang et al.,
2003). In general, HPV prevalences in men are described to be less
influenced by age compared to women (Giuliano et al., 2011).

However, in our study a relatively stable age-related seropreva-
lence trend was observed in both sexes.

Previous studies described a second peak in HPV DNA
prevalence among older women in some but not all geographic
regions (Castle et al., 2005; de Sanjose et al., 2007; Gravitt et al.,
2013; Trottier et al., 2010). However, this second peak was not
observed in most population-based seroprevalence studies (Liu
et al,, 2016; Markowitz et al., 2009; Newall et al., 2008). Despite a
relatively stable seroprevalence over age in our present findings,
we observed a second age peak in HPV seroprevalence for some
HPV types (6, 11, 16, 39, 58, and 59) among 60-69-year-old women.
The second age peak in older women is discussed as a menopause-
related hormonal change which possibly reactivates latent HPV
infections (Althoff et al., 2009; Castle et al., 2005; de Sanjose et al.,
2007; Gravitt et al., 2013; Gravitt and Winer, 2017). Another
hypothesis is that the peak might reflect new HPV infections
because of sexual behavior change in women of older ages and
their partners (Trottier et al., 2010). However, it is also discussed
that seroprevalence differences in older women are a cohort effect
(de Sanjose et al., 2007; Ryser et al., 2017; Trottier and Franco,
2006).

As compared to individual mucosal HPV seroprevalence among
older age groups, our data showed that HPV seroprevalence in the
youngest age groups was relatively high. The HPV-HR seropreva-
lence of nearly 10% in 18-24-year-old participants underlines the
importance of vaccination at a young age before sexual debut.
However, the observed second peak of individual mucosal HPV
seroprevalence indicates that in older women reactivation of prior
infections as well as incident HPV infections should be considered.

Type- and age-specific seroprevalence of cutaneous HPV types
was comparable with other studies with an age-related increase in
cutaneous HPV types except for HPV-1 (Antonsson, 2012; Rahman
et al., 2016b). Since HPV-1- and HPV-4-related warts are common
among children and adolescents the high prevalence of HPV-1 and
HPV-4 among the youngest participants of our study is not an
unexpected finding (Antonsson, 2012).

Behavioral factors associated with seropositivity in our study
were similar to those reported elsewhere (Liu et al., 2016;
Markowitz et al., 2009). Age was associated with HPV-16
seropositivity in both sexes only in univariable analysis. In the
final model, independent predictors of HPV-16 seropositivity were
the presence of antibodies to other STI and LNSP, which was similar
to those reported elsewhere (Liu et al., 2016; Scherpenisse et al.,
2012; Vaccarella et al., 2010; Wang et al., 2003). Given that being
STI+ was the strongest associated factor in nearly all HPV types, STI
+ could be a useful marker of sexual behavior, in addition to the
potentially biased self-reported LNSP. In contrast to previous
studies (Liu et al., 2016; Rahman et al., 2016a; Vaccarella et al.,
2010), we did not observe any association between age and HPV-16
and HPV-18 seropositivity, which could be explained by different
age categorizations.

Several studies have supported HPV antibody seropositivity as a
biomarker of past HPV exposure (Hariri et al., 2008; Liu et al., 2016;
Markowitz et al., 2009; Newall et al., 2008; Wang et al., 2003). In
our study, seropositivity was measured by a GST fusion protein-
based multiplex serological assay that has been used in several
other HPV seroprevalence studies (Clifford et al., 2007; Michael
et al,, 2008; Rahman et al,, 2016a; Rahman et al., 2016b; Wilson
et al,, 2014). However, our prevalence data may not be directly
comparable with studies using different antigen preparations (e.g.
virus-like particles) and other cut-off definitions in their assays.
Besides these technique-based differences, seroprevalence differ-
ences between countries may also be explained by underlying
populations, sampling time, and differences in exposures related to
HPV transmission like sexual behaviors. Seropositivity is not a
perfect HPV exposure measure as it tends to underestimate the
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cumulative exposure (Introcaso et al., 2014). This is due to various
factors, i.e., the impact of a broad range of sex-, type- and infection
site-specific seroconversion rates, infection clearance and the still
unknown seropositivity duration (Brouwer et al., 2015; Carter
et al., 2000; Edelstein et al., 2011; Giuliano et al., 2015; Lu et al,,
2012). Furthermore, natural HPV infections result in much lower
immune response and seroconversion rates, compared to HPV
vaccination (Harper et al, 2006). Therefore, the presented
estimates of seroprevalence also might be an underestimation
of cumulative HPV exposure.

Our study has several strengths. It was based on a large,
representative sample of the population of Germany, and a large
demographic and behavioral data set; blood samples were
collected using highly standardized sampling methods. Using
these blood samples from the prevaccine era, we were able to
measure naturally acquired antibodies to 19 mucosal and
cutaneous HPV types in a single laboratory test. In addition, the
antibody prevalence against other common STI was used as a proxy
for sexual activity. Finally, using nationally representative data of
GNIEHS98 it was possible to estimate the type-specific HPV
seroprevalence in demographic groups in Germany and to identify
factors associated with type-specific seropositivity in men and
women.

However, we are also aware of some limitations of our study
which should be considered when interpreting the results. Serum
samples were properly stored at —20°C since the collection in
1997-1999, but storage time could still have an effect on sera
quality and antibody concentration. However, this would affect all
samples and could not explain group-specific differences, like age-,
sex- or type-specific prevalence.

In conclusion, we generated data on type-specific HPV
seroprevalence in the general population of adults living in
Germany, for all age groups and both sexes. These data were
collected before HPV vaccine introduction and will serve as
baseline estimates for naturally derived cumulative type-specific
HPV exposure in Germany in non-vaccinated individuals. HPV
seroprevalence studies in the adult population after vaccine
introduction as well as in children and adolescents are currently
underway in Germany and can be used to assess the population-
level (indirect) effects of HPV vaccination, which has been initially
carried out in Germany mainly with 4-valent and since 2016
mainly with 9-valent HPV vaccines.

Conflict of interest

AL, CP-M., M.P, MT, TH., TW, ]S, Y.D., O.W, MW.P.
declared that they have no conflict of interest.

Funding statement

This work was supported by the German Federal Ministry of
Health (BMG) and by in-house funding of the Molecular
Diagnostics of Oncogenic Infections Division at the German Cancer
Research Center (DKFZ) in Heidelberg/Germany. The funding
source had no involvement in the study design and the
preparation, review or approval of the manuscript.

Ethical approval

Although there was no law or regulation on Ethic Committees in
Germany at the time of the conduct of the study, the study was
approved by the Board of the Federal Commissioner for Data
Protection Berlin, Germany. The study was conducted according to
the Federal and State Commissioners for Data Protection guide-
lines. Informed written consent and assent were obtained from all
participants.

Meetings information

Part of the data was presented at the EUROGIN 2016 Congress,
Salzburg/Austria, June 15-18, 2016 and the 31st International
Papillomavirus Conference (HPV 2017), Cape Town/South Africa,
28 February-5 March 2017.

Author contribution

Analyzed the data: AL; Developed the IgG Multiplex assay and
did the experiments for the study: TW, MP; Collected data for the
study: CPM, MT, TW; Wrote the first draft of the paper: AL;
Contributed to the writing of the paper: AL, MWP, TH, CPM, MT,
TW, MP, OW, JS; Conception and design of the study: YD, MP, MWP,
OW.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/].ijid.2019.03.022.

References

Abreu AL, Souza RP, Gimenes F, Consolaro ME. A review of methods for detect
human Papillomavirus infection. Virol | 2012;9:262.

Althoff KN, Paul P, Burke AE, Viscidi R, Sangaramoorthy M, Gravitt PE. Correlates of
cervicovaginal human papillomavirus detection in perimenopausal women. |
Women Health 2009;18(9):1341-6.

Antonsson A. Review: antibodies to cutaneous human papillomaviruses. ] Med Virol
2012;84(5):814-22.

Antonsson A, Forslund O, Ekberg H, Sterner G, Hansson BG. The ubiquity and
impressive genomic diversity of human skin papillomaviruses suggest a
commensalic nature of these viruses. ] Virol 2000;74(24):11636-41.

Bellach BM, Knopf H, Thefeld W. The German Health Survey. 1997/98. Gesund-
heitswesen (Bundesverband der Arzte des Offentlichen Gesundheitsdienstes
(Germany)) 1998;60(Suppl 2):S59-68.

Brouwer AF, Eisenberg MC, Carey TE, Meza R. Trends in HPV cervical and
seroprevalence and associations between oral and genital infection and serum
antibodies in NHANES 2003-2012. BMC Infect Dis 2015;15:575.

Bruni L, Diaz M, Castellsague X, Ferrer E, Bosch FX, de Sanjose S. Cervical human
papillomavirus prevalence in 5 continents: meta-analysis of 1 million women
with normal cytological findings. ] Infect Dis 2010;202(12):1789-99.

Carter J], Koutsky LA, Hughes |P, Lee SK, Kuypers ], Kiviat N, et al. Comparison of
human papillomavirus types 16, 18, and 6 capsid antibody responses following
incident infection. ] Infect Dis 2000;181(6):1911-9.

Castle PE, Schiffman M, Herrero R, Hildesheim A, Rodriguez AC, Bratti MC, et al. A
prospective study of age trends in cervical human papillomavirus acquisition
and persistence in Guanacaste, Costa Rica. ] Infect Dis 2005;191(11):1808-16.

Clifford GM, Shin HR, Oh JK, Waterboer T, Ju YH, Vaccarella S, et al. Serologic
response to oncogenic human papillomavirus types in male and female
university students in Busan, South Korea. Cancer Epidemiol Biomarkers Prev
2007;16(9):1874-9.

de Sanjose S, Diaz M, Castellsague X, Clifford G, Bruni L, Munoz N, et al. Worldwide
prevalence and genotype distribution of cervical human papillomavirus DNA in
womenwith normal cytology: ameta-analysis. Lancet Infect Dis2007;7(7):453-9.

de Villiers EM, Fauquet C, Broker TR. Bernard HU, zur Hausen H. Classification of
papillomaviruses. Virology 2004;324(1):17-27.

Delere Y, Remschmidt C, Leuschner ], Schuster M, Fesenfeld M, Schneider A, et al.
Human Papillomavirus prevalence and probable first effects of vaccination in 20
to 25 year-old women in Germany: a population-based cross-sectional study via
home-based self-sampling. BMC Infect Dis 2014;14:87.

Desai S, Chapman R, Jit M, Nichols T, Borrow R, Wilding M, et al. Prevalence of
human papillomavirus antibodies in males and females in England. Sex Transm
Dis 2011;38(7):622-9.

Dunne EF, Nielson CM, Stone KM, Markowitz LE, Giuliano AR. Prevalence of HPV
infection among men: a systematic review of the literature. ] Infect Dis
2006;194(8):1044-57.

Edelstein ZR, Carter J], Garg R, Winer RL, Feng Q, Galloway DA, et al. Serum antibody
response following genital {alpha}9 human papillomavirus infection in young
men. ] Infect Dis 2011;204(2):209-16.

Giuliano AR, Lee JH, Fulp W, Villa LL, Lazcano E, Papenfuss MR, et al. Incidence and
clearance of genital human papillomavirus infection in men (HIM): a cohort
study. Lancet 2011;377(9769):932-40.

Giuliano AR, Viscidi R, Torres BN, Ingles DJ, Sudenga SL, Villa LL, et al. Seroconversion
following anal and genital HPV infection in men: the HIM study. Papillomavirus
Res 2015;1:109-15.

Gravitt PE, Rositch AF, Silver MI, Marks MA, Chang K, Burke AE, et al. A cohort effect
of the sexual revolution may be masking an increase in human papillomavirus
detection at menopause in the United States. ] Infect Dis 2013;207(2):272-80.



DISSERTATION ,SEROEPIDEMIOLOGIE VON HPV UND CMV*

A.D. Loenenbach et al./International Journal of Infectious Diseases 83 (2019) 3-11 11

Gravitt PE, Winer RL. Natural history of HPV infection across the lifespan: role of
viral latency. Viruses 2017;9(10).

Hariri S, Dunne EF, Sternberg M, Unger ER, Meadows KS, Karem KL, et al.
Seroepidemiology of human papillomavirus type 11 in the United States: results
from the third National Health And Nutrition Examination Survey, 1991-1994,
Sex Transm Dis 2008;35(3):298-303.

Harper DM, Franco EL, Wheeler CM, Moscicki AB, Romanowski B, Roteli-Martins
CM, et al. Sustained efficacy up to 4.5 years of a bivalent L1 virus-like particle
vaccine against human papillomavirus types 16 and 18: follow-up from a
randomised control trial. Lancet 2006;367(9518):1247-55.

Hauck F, Oliveira-Silva M, Dreyer |H, Perrusi V], Arcuri RA, Hassan R, et al. Prevalence
of HPV infection in head and neck carcinomas shows geographical variability: a
comparative study from Brazil and Germany. Virchows Archiv 2015;466(June
(6)):685-93.

Hufbauer M, Akgiil B. Molecular mechanisms of human papillomavirus induced
skin carcinogenesis. Viruses 2017;9(7):187.

Iftner T, Eberle S, Iftner A, Holz B, Banik N, Quint W, et al. Prevalence of low-risk and
high-risk types of human papillomavirus and other risk factors for HPV
infection in Germany within different age groups in women up to 30 years of
age: an epidemiological observational study. ] Med Virol 2010;82(11):1928-39.

International Agency on Research on Cancer (IARC). Human papillomaviruses. IARC
Monograohs on the Evaluation of Carcinogenic Risks to Humans. International
Agency on Research on Cancer; 2012, p. 255-313.

Introcaso CE, Dunne EF, Hariri S, Panicker G, Unger ER, Markowitz LE. Prevaccine era
human papillomavirus types 6, 11,16 and 18 seropositivity in the U.S.A., National
Health and Nutrition Examination Surveys, 2003-2006. Sex Transm Infect
2014;90(6):505-8.

Liu G, Markowitz LE, Hariri S, Panicker G, Unger ER. Seroprevalence of 9 human
papillomavirus types in the United States, 2005-2006. | Infect Dis 2016;213
(2):191-8.

Lu B, Viscidi RP, Wu Y, Nyitray AG, Villa LL, Lazcano-Ponce E, et al. Seroprevalence of
human papillomavirus (HPV) type 6 and 16 vary by anatomic site of HPV
infection in men, Cancer Epidemiol Biomarkers Prev 2012;21(9):1542-6.

Markowitz LE, Sternberg M, Dunne EF, McQuillan G, Unger ER. Seroprevalence of
human papillomavirus types 6, 11, 16, and 18 in the United States: National
Health and Nutrition Examination Survey 2003-2004. ] Infect Dis 2009;200
(7):1059-67.

Michael KM, Waterboer T, Sehr P, Rother A, Reidel U, Boeing H, et al. Seroprevalence
of 34 human papillomavirus types in the German general population. PLoS
Pathog 2008;4(6)e1000091.

Newall AT, Brotherton JM, Quinn HE, Mclntyre PB, Backhouse ], Gilbert L, et al.
Population seroprevalence of human papillomavirus types 6, 11, 16, and 18
in men, women, and children in Australia. Clin Infect Dis 2008;46
(11):1647-55.

Petry KU, Luyten A, Justus A, Iftner A, Strehlke S, Reinecke-Luthge A, et al. Prevalence
of high-risk HPV types and associated genital diseases in women born in 1988/
89 or 1983/84—results of WOLVES, a population-based epidemiological study in
Wolfsburg, Germany. BMC Infect Dis 2013;13:135.

Rahman S, Pierce Campbell CM, Rollison DE, Wang W, Waterboer T, Michel A, et al.
Seroprevalence and associated factors of 9-valent human papillomavirus (HPV)
types among men in the multinational HIM study. PLoS One 2016a;11(11)
e0167173.

Rahman S, Pierce Campbell CM, Waterboer T, Rollison DE, Ingles DJ, Torres BN, et al.
Seroprevalence of cutaneous human papillomaviruses (HPV) among men in the
multinational HIM Study. ] Gen Virol 2016b;.

Remschmidt C, Kaufmann AM, Hagemann I, Vartazarova E, Wichmann O, Delere Y.
Risk factors for cervical human papillomavirus infection and high-grade
intraepithelial lesion in women aged 20 to 31 years in Germany. Int | Gynecol
Cancer 2013;23(3):519-26.

Robbins HA, Li Y, Porras C, Pawlita M, Ghosh A, Rodriguez AC, et al. Glutathione S-
transferase L1 multiplex serology as a measure of cumulative infection with
human papillomavirus. BMC Infect Dis 2014;14:120.

Ryser MD, Rositch A, Gravitt PE. Modeling of US human papillomavirus (HPV)
seroprevalence by age and sexual behavior indicates an increasing trend of HPV
infection following the sexual revolution. ] Infect Dis 2017;216(5):604-11.

Scheidt-Nave C, Kamtsiuris P, Gosswald A, Holling H, Lange M, Busch MA, et al.
German health interview and examination survey for adults (DEGS) — design,
objectives and implementation of the first data collection wave. BMC Public
Health 2012;12:730.

Scherpenisse M, Mollers M, Schepp RM, Boot HJ, de Melker HE, Meijer CJ, et al.
Seroprevalence of seven high-risk HPV types in The Netherlands. Vaccine
2012;30(47):6686-93.

Schiffman M, Castle PE, Jeronimo ], Rodriguez AC, Wacholder S. Human
papillomavirus and cervical cancer. Lancet 2007;370(9590):890-907.

Schiffman M, Clifford G, Buonaguro FM. Classification of weakly carcinogenic
human papillomavirus types: addressing the limits of epidemiology at the
borderline. Infect Agent Cancer 2009;4:8.

Thefeld W, Stolzenberg H, Bellach B-M. Bundes-Gesundheitssurvey: Response,
Zusammensetzung der Teilnehmer und Non-Responder-Analyse. Gesundheits-
wesen. Stuttgart: Thieme; 1999. p. 57-S61.

Tiggelaar SM, Lin M], Viscidi RP, Ji ], Smith ]S. Age-specific human papillomavirus
antibody and deoxyribonucleic acid prevalence: a global review. ] Adolesc
Health 2012;50(2):110-31.

Trottier H, Ferreira S, Thomann P, Costa MC, Sobrinho JS, Prado JC, et al. Human
papillomavirus infection and reinfection in adult women: the role of sexual
activity and natural immunity. Cancer Res 2010;70(21):8569-77.

Trottier H, Franco EL. The epidemiology of genital human papillomavirus infection.
Vaccine 2006;24(Suppl. 1):51-15.

Vaccarella S, Franceschi S, Clifford GM, Touze A, Hsu CC, de Sanjose S, et al.
Seroprevalence of antibodies against human papillomavirus (HPV) types 16 and
18 in four continents: the International Agency for Research on Cancer HPV
Prevalence Surveys. Cancer Epidemiol Biomarkers Prev 2010;19(9):2379-88.

Van Doorslaer K, Li Z, Xirasagar S, Maes P, Kaminsky D, Liou D, et al. The
Papillomavirus Episteme: a major update to the papillomavirus sequence
database. Nucleic Acids Res 2017;45(D1):D499-506.

Wang SS, Schiffman M, Shields TS, Herrero R, Hildesheim A, Bratti MC, et al.
Seroprevalence of human papillomavirus-16, -18, -31, and -45 in a population-
based cohort of 10000 women in Costa Rica. Br | Cancer 2003;89(7):1248-54.

Waterboer T, Sehr P, Michael KM, Franceschi S, Nieland |D, Joos TO, et al. Multiplex
human papillomavirus serology based on in situ-purified glutathione s-
transferase fusion proteins. Clin Chem 2005;51(10):1845-53.

Wilson L, Pawlita M, Castle PE, Waterboer T, Sahasrabuddhe V, Gravitt PE, et al.
Seroprevalence of 8 oncogenic human papillomavirus genotypes and acquired
immunity against reinfection. | Infect Dis 2014;210(3):448-55.



DISSERTATION ,SEROEPIDEMIOLOGIE VON HPV UND CMV*

Anhang Publikation 2

tropism mucosal cutaneous
risk groups
HR LR
(IARC)
genus a B Y u|v
species a9 a7 al0 |a2|B1|B2|R3 |yl |ul|vl
type 35131)33|52|58|16(18(45(39|59]| 6 (11(10| 8 |38|49| 4 | 1 |41
9-val. 9-val.
vaccine-rele-
4-val. 4-val.
vance
2-val.

Supplementary Figure 1: Selection criteria of HPV types
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Supplementary Table 1. Comparison of GNHIES98 Participants (n = 7,124) with HPV Seroprevalence Study 2016/2017 Partici-
pants (n = 6,517) by Weighting Factor-Relevant Variables.

HPV seroprevalence study
GNHIES98 participants 2016/2017 participants
Percent Percent Percent Percent
Variable Fre- nf)n- weighte Fre- n.on- weighte
qguency weighte quency weighte
d d
d d
Age
17-19 267 3.7 3.4 242 3.7 3.4
20-29 1,017 14.3 15.7 916 14.1 15.5
30-39 1,555 21.8 22.5 1,438 22.1 22.7
40-49 1,311 18.4 18.1 1,223 18.8 18.5
50-59 1,359 19.1 16.6 1,260 19.3 16.8
60-69 1,037 14.6 14.2 940 14.4 14.1
70-79 578 8.1 9.4 498 7.6 9.0
Total 7,124 100.0 100.0 6,517 100.0 100.0
Sex
Male 3,450 48.4 49.2 3,161 48.5 49.4
Female 3,674 51.6 50.8 3,356 51.5 50.6
Total 7,124 100.0 100.0 6,517 100.0 100.0
Migration status
Migrant 300 4.2 8.7 275 4.2 8.8
Non-migrant 6,824 95.8 91.3 6,242 95.8 91.2
Total 7,124 100.0 100.0 6,517 100.0 100.0
Urbanity (number of residents)
<2.000 656 9.2 7.4 623 9.6 7.7
2.000 - <5.000 514 7.2 6.9 454 7.0 6.7
5.000 - <20.000 1,116 15.7 15.5 1,021 15.7 15.3
20.000 - <50.000 720 10.1 10.1 657 10.1 10.0
Urban hinterland, 50.000 -
<100.000 71 1.0 0.5 68 1.0 0.5
Nucleated town, 50.000 - <100.000 321 4.5 3.9 297 4.6 3.9
Urban hinterland,100.000 -
<500.000 487 6.8 5.8 455 7.0 6.0
Nucleated town, 100.000 -
<500.000 749 10.5 12.2 706 10.8 12.6
Urban hinterland, >=500.000 607 8.5 9.4 539 8.3 9.2
Nucleated town, >=500.000 1,883 26.4 28.3 1,697 26.0 28.2
Total 7,124 100.0 100.0 6,517 100.0 100.0
West/East/Berlin
West 4,556 64.0 77.4 4,157 63.8 77.3
East 2,233 31.3 18.5 2,049 314 18.5
Berlin 335 4.7 4.2 311 4.8 4.3
Total 7,124 100.0 100.0 6,517 100.0 100.0
Social status (Winkler)
Low 1,621 23.5 27.8 1,458 23.1 27.4
Middle 3,817 55.4 52.9 3,510 55.6 53.1
high 1,458 21.1 19.4 1,347 21.3 19.6
Total 6,896 100.0 100.0 6,315 100.0 100.0



DISSERTATION ,SEROEPIDEMIOLOGIE VON HPV UND CMV*

‘|eAJ31UI 32UBPIUOD ‘| "B10N

8T
(z0oz-96) THT
6S
(T°8T-0'TT) T¥T
1L
(7'€1-5'8) £°0T
8S
(z'sT-€'8) €11
oL
(L21-L'L) 66
LT
(€TT-£7€) 59
ST
(£'21-9'S) 5°8

2%
(5°6T-6'6) O'HT
18
(STT-€°€T) 04T
St
(5'9T-6'6) 6°CT
69
(¥T-7'8) 0°TT
99
(8'¢1-6°2) T'OT
9T
(9'6-5'€) 8'S
(014
(8'0T-€%) 69

LT
(r'vT-v'v) T8
ov
(s'21-€9) 6'8
65
(s'2t-72)S'6
Ly
(8°01-6'S) 08
19
(oet-zL) L'6
0t
(T'TT-T¥%) 69
44
(9'TT-0'S) L°L

44
(rer-sv) e
L€
(8'21-6'S) L'8
6t
(9°21-€9) 0°6
vt
(967'7) 59
S9
(z'€T-0'8) €°0T
ST
(r'v1-09) ¥'6
:14
(r'¥1-09) €6

vz
(9°£T-T'8) T'CT
w
(T'0z-8'11) S'ST
9L
(9'ST-¥'6) T'CT
85
(LzT-€L) L6
89
(reT-€2)s6
9T
(T'eT-T¥) S'L
9z
(€'21-8'9) S8

s
(Lv2-LvT) T6T
St
(T8T-0'TT) €71
w
(z'ST-76) 61T
St
(r'v1-€'6) L'TT
8
(€TT-99) 98
€T
(€190 vy
1T
(60T-2%) 89

8¢

L€
(S°€2-9°TT) £'9T
<9
(8°£T-0'0T) S'ET
08
(zsT-T'0T) VTt
09
(€'71-0'8) 8°0T
a8
(r'sTt-v'6) T'CT
¥4
(6'¥1-6'S) S'6
€T
(6°0T-9%) T'L

€€
(T°LT-L2)9°TT
€L
(6'6T-6'TT) S'ST
8L
(9:sT-0'0T) S°CT
€L
(€¥T-9'8) T'TT
9L
(0’eT-0'8) Z'0T
0t
(eT1T-S¥) T2
LT
(1'8-5°2) 9t

0T

€9
(r'se-L12) T'8C
81T
(Teevr) vie
ST
(z8z-LTT) 8'%C
911
(9'sz-TL1)T'TC
86
(£LT-9°TT) Vi1
[44
(8'ST-7'9) 0°0T
L€
(1'81-9'8) 9°CT

69
(T'1€-0'6T) 992
61T
(TLz-L81) LTt
ovT
(6°92-8'8T) 9'C¢
Tt
(6°02-L¥1)9°LT
0TT
(€'0z-9°€T) £L'9T
9z
(LvT-T9) L'6
8T
(E¥T-7'9) 9'6

[
(e'6€-8'52) T'CE
avT
(0'2€-£92) 9'T€
LET
(9 zv-e€€) 8°LE
9Tz
(7" €v-0'v€) 9°8€
VLT
(€2v-9v€) €8¢
w
(0°z€-L722) 6T
0TT
(9:8€-8'97) ¥'z€

70T
(S'zv-v'627) L'SE
S0z
(T'9v-L's€) 8°0F
8€¢
(8'2v-9'7€) 9'8€
8TC
(€'8€-6'67) O'vE
44
(0'5€-082) ¥'T€
vL
(€'ve-8'T2) 9°LT
6L
(T'TE-T'6T) 9'4C

S
(£'v€-8'6T) 9'9C
9z1
(£ €€-0'vT) 9'8¢
¥8T
(Tve-T's2) S'6¢
86T
(5°8€-0'67) 9°€€
e
(T'ev-Tve) T'8E
88
(rev-£'8T) L'SE
1€T
(8'9v-€'€€) 8'6€

79
(T°£2-59T) £'TC
15T
(67€-8'97) L'0€
438
(z's€-9'52) T'0€
1274
(T'ev-L€g) 8°L€
YL
(9'T-€€€) ¥L€
90T
(rov-9'2€) £'6€
wi
(€°€5-9'6€) ¥'9¥

(1D %S6) % ‘@dA} AdH Aq 2ouajeAraidolas

€TC

:14%

44

889

60L

LEC

e

S8¢

[49%

9€9

S€9

6CL

1744

S0€

‘ou ‘spalgns

6£-0L
69-09
65-0S
6v-0v
6€-0€
6¢C-S¢C

¢-8T
sdnoug a8y

6.-0L
69-09
6G-0S
617-0v
6€-0€
6¢-S¢

¢-8T
sdnoug a8y

dnouon

(666T-L66T P3123J/02 013S) LT0Z/9T0Z (LTS = u) Apnis 32uajpnaidoias N\dH @by pub xas Aq sadA | sniiabwojfidod ubwny snoaupin) [pnpiAlpul fo 32ua|pna.doas “z a|qn) Aipjuawajddng



DISSERTATION ,SEROEPIDEMIOLOGIE VON HPV UND CMV*

Supplementary Table 3. Multiple Seropositivity of Low Risk (6, 11) and High Risk HPV Types (16, 18, 31, 33, 35, 39, 45, 52, 58,

59) by Sex, HPV Seroprevalence Study (n = 6,517), 2016/2017 (sera collected 1997-1999).

Number of Overall, Female, Male,
HPV types % (95% Cl), No. % (95% Cl), No. % (95% Cl), No.
. 86.7 (85.6-87.7) 85.4 (84.0-86.8) 88.0 (86.6-89.2)
5655 2862 2793
Low risk HPV 1 10.6 (9.8-11.4) 11.5(10.4-12.8) 9.6 (8.5-10.8)
types 689 388 301
P 2.7 (2.3-3.3) 3.1(2.5-3.7) 2.4(1.8-3.3)
173 106 67
0 72.1(70.6-73.6) 70.7 (68.6-72.7) 73.6 (71.7-75.5)
4,685 2,362 2,323
| 18.4 (17.3-19.6) 19.1 (17.5-20.8) 17.7 (16.3-19.3)
High risk HPV 1,210 645 565
types 5 4.9 (4.3-5.5) 4.9 (4.1-5.9) 4.8 (4.0-5.8)
320 166 154
=3 4.6 (4.0-5.3) 5.3 (4.5-6.3) 3.8(3.1-4.7)
302 183 119
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HPV Seroprevalence Study, 2016/2017 (sera collected 1997-1999).

Variable

Females

Males

Crude PR (95%Cl)

Fully aPR (95%Cl)*

Crude PR (95%Cl)

Fully aPR (95%Cl)*

Age groups (y)
18-24
25-29
30-39
40-49
50-59
60-69
70-79
Region of residence |
East
West
Region of residence Il
Northern Germany
Central Germany
Southern Germany
Country of birth
Germany
Other
Urbanity
Rural
Small city
Medium sized city
Large city
History of smoking
No
Yes
Education
Low
Middle
High

Seropositive for any other STI

No
Yes

Lifetime no. of sex partners

0

1
2-4
5-9
>=10
NA

History of use of oral contraceptives

No
Yes

Reference
1.67 (0.93-3.02)
1.71(1.05-2.79)
1.89(1.15-3.09)
1.23(0.73-2.09)
1.70 (1.02-2.84)
0.90 (0.50-1.61)

Reference
0.98(0.81-1.18)

Reference
0.99 (0.79-1.25)
0.97(0.73-1.29)

Reference
1.07 (0.74-1.54)

Reference
1.25(0.93-1.67)
1.02 (0.79-1.33)
1.08 (0.86-1.35)

Reference
1.49(1.21-1.83)

1.01(0.81-1.27)
Reference
1.07 (0.79-1.43)

Reference
1.59 (1.30-1.95)

0.20(0.03-1.48)
Reference
1.04(0.78-1.38)
1.79(1.27-2.53)
1.57(0.99-2.49)
1.11(0.81-1.51)

Reference
1.09 (0.87-1.36)

Reference
1.65(0.88-3.12)
1.56 (0.92-2.64)
1.80(1.08-3.02)
1.27(0.73-2.20)
1.85(1.09-3.14)
0.98(0.53-1.82)

na*
na*

na*
na*
na*

Reference
1.29(1.01-1.64)
na*
na*
na*

Reference
1.49 (1.20-1.86)

0.30(0.04-2.25)
Reference
0.93 (0.70-1.25)
1.41(0.96-2.07)
1.16 (0.70-1.93)
0.97 (0.70-1.34)

na*
na*

Reference
0.72(0.42-1.21)
1.15(0.74-1.77)
1.24(0.84-1.82)
0.59 (0.37-0.95)
0.59 (0.35-1.00)
0.46 (0.24-0.89)

Reference
1.18(0.94-1.48)

Reference
1.13(0.89-1.42)
1.11 (0.86-1.45)

Reference
1.68(1.21-2.34)

Reference
0.98 (0.75-1.29)
1.31(1.01-1.71)
0.96 (0.75-1.22)

Reference
1.65(1.27-2.16)

1.12(0.76-1.65)
Reference
0.87(0.66-1.14)

Reference
1.59 (1.22-2.07)

1.27(0.42-3.84)
Reference
0.93 (0.58-1.49)
1.18(0.75-1.86)
1.19(0.79-1.77)
1.29 (0.94-1.77)

Reference
0.63 (0.37-1.08)
1.00 (0.65-1.54)
1.09 (0.74-1.61)
0.50 (0.32-0.80)
0.53 (0.31-0.91)
0.39 (0.20-0.80)

na*
na*

na*
na*
na*

Reference
1.59 (1.17-2.17)

Reference
0.99 (0.75-1.29)
1.32(1.01-1.71)
0.97 (0.79-1.21)

Reference
1.61(1.24-2.11)
na*
na*
na*

Reference
1.47 (1.13-1.91)

na*
na*

na*
na*

Abbreviations: aPR, adjusted prevalence ratio; Cl, confidence interval; na, not available; STI, sexually transmitted infection

na* variables were not significantly associated with HPV seroprevalence in the univariable model and therefore not included in the fully

adjusted model

Sthe aPR are adjusted for all variables which are listed in the table and remained in the final model

Statistically significant PR are shown in bold font
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Supplementary Table 5. Factors Associated with Seropositivity to Human Papillomavirus (HPV) Type 11 in Females and

Males, HPV Seroprevalence Study, 2016/2017 (sera collected 1997-1999).

Females Males

Variable Crude PR (95%Cl) Fully aPR (95%Cl)° Crude PR (95%Cl) Fully aPR (95%Cl)°
Age groups (y)

18-24 Reference Reference Reference na*

25-29 2.01(0.68-5.96) 1.48(0.48-4.59) 0.23(0.04-1.20) na*

30-39 2.20(0.96-5.03) 1.66 (0.74-3.72) 1.40(0.67-2.94) na*

40-49 2.43 (1.08-5.48) 1.86(0.82-4.23) 1.07 (0.55-2.09) na*

50-59 1.89(0.81-4.39) 1.68(0.73-3.88) 0.65 (0.28-1.51) na*

60-69 2.52(1.08-5.89) 2.58 (1.07-6.26) 0.79(0.33-1.91) na*

70-79 2.51(0.96-6.57) 2.53(0.90-7.06) 0.63 (0.25-1.55) na*
Region of residence |

East Reference na* Reference Reference

West 0.85(0.59-1.22) na* 1.90 (1.16-3.10) 1.81(1.11-2.94)
Region of residence Il

Northern Germany Reference na* Reference na*

Central Germany 1.03 (0.64-1.65) na* 1.28(0.72-2.29) na*

Southern Germany 0.78(0.45-1.36) na* 0.74(0.39-1.40) na*
Country of birth

Germany Reference na* Reference na*

Other 1.02 (0.56-1.84) na* 1.56(0.81-3.01) na*
Urbanity

Rural Reference na* Reference Reference

Small city 0.97(0.59-1.57) na* 1.48 (0.65-3.39) 1.36(0.59-3.16)

Medium sized city 0.90 (0.55-1.48) na* 2.67(1.24-5.74) 2.34(1.09-5.01)

Large city 1.46 (0.96-2.21) na* 3.21(1.57-6.58) 2.74(1.32-5.68)
History of smoking

No Reference Reference Reference na*

Yes 1.59(1.11-2.28) 1.48(0.95-2.32) 1.54(0.97-2.46) na*
Education

Low 1.35(0.86-2.11) na* 1.15(0.58-2.27) na*

Middle Reference na* Reference na*

High 1.26(0.79-2.02) na* 1.26 (0.75-2.10) na*
Seropositive for any other STI

No Reference Reference Reference Reference

Yes 2.78 (1.83-4.24) 2.57 (1.62-4.07) 2.45(1.28-4.71) 2.30 (1.19-4.45)

Lifetime no. of sex partners

0

1
2-4
5-9
>=10
NA

History of use of oral contraceptives

No
Yes

no*
Reference
0.79 (0.50-1.26)
1.56 (0.80-3.02)
1.67 (0.76-3.69)
0.82(0.48-1.39)

Reference
1.16(0.74-1.82)

no*
Reference
0.69 (0.42-1.14)
1.16(0.57-2.35)
1.18 (0.50-2.76)
0.61(0.34-1.09)

na*
na*

1.45(0.18-11.94)
Reference
1.62 (0.56-4.65)
2.84(0.98-8.17)
2.86(1.30-6.31)
2.03(0.91-4.52)

1.33(0.16-11.12)
Reference
1.48 (0.53-4.15)
2.49 (0.90-6.90)
2.29 (1.06-4.92)
1.86 (0.85-4.10)

Abbreviations: aPR, adjusted prevalence ratio; Cl, confidence interval; na, not available; STI, sexually transmitted infection

na* variables were not significantly associated with HPV seroprevalence in the univariable model and therefore not included in the fully

adjusted model

R N .
no’ no observations in categories

Sthe aPR are adjusted for all variables which are listed in the table and remained in the final model
Statistically significant PR are shown in bold font
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Supplementary Table 6. Factors Associated with Seropositivity to Human Papillomavirus (HPV) Type 18 in Females and

Males, HPV Seroprevalence Study, 2016/2017 (sera collected 1997-1999).

Females Males

Variable Crude PR (95%Cl) Fully aPR (95%Cl)° Crude PR (95%Cl) Fully aPR (95%Cl)°
Age groups (y)

18-24 Reference na* Reference na*

25-29 1.29(0.59-2.83) na* 1.14(0.56-2.30) na*

30-39 1.45(0.77-2.73) na* 1.13 (0.59-2.16) na*

40-49 1.69 (0.90-3.16) na* 1.04(0.51-2.11) na*

50-59 1.23(0.60-2.55) na* 1.31(0.74-2.31) na*

60-69 1.71(0.86-3.39) na* 1.10(0.56-2.17) na*

70-79 1.45(0.72-2.91) na* 1.17(0.51-2.68) na*
Region of residence |

East Reference na* Reference na*

West 0.93(0.71-1.23) na* 1.10(0.76-1.60) na*
Region of residence Il

Northern Germany Reference na* Reference Reference

Central Germany 0.99 (0.66-1.47) na* 1.68(1.01-2.81) 1.67 (1.00-2.80)

Southern Germany 1.05 (0.69-1.59) na* 0.98 (0.56-1.72) 0.98 (0.56-1.71)
Country of birth

Germany Reference na* Reference na*

Other 1.48(0.98-2.25) na* 0.82(0.40-1.68) na*
Urbanity

Rural Reference Reference Reference na*

Small city 1.04 (0.69-1.57) 1.08 (0.71-1.66) 0.68 (0.40-1.16) na*

Medium sized city 1.59 (1.11-2.26) 1.65(1.14-2.38) 0.93(0.55-1.57) na*

Large city 1.36(0.91-2.03) 1.25 (0.83-1.90) 1.30(0.78-2.19) na*
History of smoking

No Reference na* Reference na*

Yes 0.96 (0.72-1.28) na* 0.94 (0.66-1.33) na*
Education

Low 1.39(1.00-1.94) 1.36(0.97-1.90) 0.98 (0.54-1.76) na*

Middle Reference Reference Reference na*

High 1.40(1.01-1.95) 1.34(0.96-1.87) 1.04(0.74-1.46) na*
Seropositive for any other STI

No Reference Reference Reference Reference

Yes 2.11(1.47-3.02) 2.02 (1.40-2.92) 1.69 (1.16-2.45) 1.64 (1.14-2.35)
Lifetime no. of sex partners

0 1.19(0.18-7.77) 0.30(0.04-2.25) 4.99 (1.95-12.78) 5.06 (1.96-13.06)

1 Reference Reference Reference Reference

2-4 0.88(0.59-1.34) 0.93(0.70-1.25) 1.82(0.94-3.52) 1.76 (0.93-3.34)

5-9 1.54(0.91-2.58) 1.41(0.96-2.07) 1.44(0.61-3.40) 1.41(0.62-3.20)

>=10 1.84(1.01-3.36) 1.16 (0.70-1.93) 1.36(0.67-2.78) 1.27(0.63-2.55)

NA 1.35(0.90-2.02) 0.97(0.70-1.34) 1.67(0.88-3.17) 1.61(0.86-3.00)
History of use of oral contraceptives

No Reference na* -- --

Yes 1.17(0.86-1.60) na* -- --

Abbreviations: aPR, adjusted prevalence ratio; Cl, confidence interval; na, not available; STI, sexually transmitted infection

na* variables were not significantly associated with HPV seroprevalence in the univariable model and therefore not included in the fully

adjusted model

Sthe aPR are adjusted for all variables which are listed in the table and remained in the final model

Statistically significant PR are shown in bold font
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Supplementary Table 7. Factors Associated with Seropositivity to at least one of high-risk Human Papillomavirus (HPV) Types
16, 18, 31, 33, 35, 39, 45, 52, 58 or 59 in Females and Males, HPV Seroprevalence Study, 2016/2017 (sera collected 1997-

1999).

Females Males

Variable Crude PR (95%Cl) Fully aPR (95%Cl)° Crude PR (95%Cl) Fully aPR (95%Cl)°
Age groups (y)

18-24 Reference Reference Reference Reference

25-29 1.25 (0.89-1.76) 1.19(0.84-1.68) 1.46 (1.09-1.95) 1.42 (1.06-1.91)

30-39 1.38(1.06-1.80) 1.29(0.98-1.69) 1.32(1.02-1.71) 1.24(0.95-1.62)

40-49 1.36(1.08-1.72) 1.25(0.98-1.61) 1.26(0.99-1.62) 1.17(0.90-1.51)

50-59 1.31(1.02-1.69) 1.24(0.94-1.62) 1.47 (1.15-1.87) 1.39(1.07-1.80)

60-69 1.36 (1.05-1.76) 1.28(0.97-1.70) 1.46 (1.16-1.85) 1.38(1.07-1.77)

70-79 1.20(0.87-1.66) 1.09(0.77-1.55) 1.45 (1.08-1.96) 1.37(1.00-1.88)
Region of residence |

East Reference na* Reference na*

West 0.91(0.79-1.05) na* 1.00 (0.85-1.16) na*
Region of residence Il

Northern Germany Reference na* Reference na*

Central Germany 1.07 (0.88-1.30) na* 1.15(0.98-1.34) na*

Southern Germany 1.05 (0.86-1.28) na* 0.91(0.74-1.11) na*
Country of birth

Germany Reference na* Reference na*

Other 1.12(0.90-1.38) na* 0.90(0.71-1.15) na*
Urbanity

Rural Reference na* Reference na*

Small city 1.01(0.81-1.26) na* 1.04(0.83-1.31) na*

Medium sized city 1.10(0.90-1.36) na* 1.06 (0.86-1.31) na*

Large city 1.12(0.93-1.35) na* 0.98(0.79-1.22) na*
History of smoking

No Reference na* Reference na*

Yes 1.04(0.92-1.17) na* 0.94 (0.81-1.09) na*
Education

Low 1.08 (0.95-1.23) na* 0.82(0.66-1.03) na*

Middle Reference na* Reference na*

High 0.99 (0.85-1.16) na* 1.01(0.89-1.16) na*
Seropositive for any other STI

No Reference Reference Reference Reference

Yes 1.54(1.36-1.75) 1.49 (1.31-1.70) 1.49 (1.30-1.71) 1.47 (1.28-1.69)
Lifetime no. of sex partners

0 1.07 (0.51-2.23) 1.40 (0.66-2.96) 1.14(0.62-2.11) 1.17 (0.64-2.15)

1 Reference Reference Reference Reference

2-4 1.18(0.98-1.43) 1.14(0.94-1.38) 1.16(0.89-1.52) 1.15(0.88-1.49)

5-9 1.43 (1.12-1.81) 1.28(1.01-1.63) 1.18(0.90-1.56) 1.16 (0.88-1.53)

>=10 1.47 (1.09-2.00) 1.28(0.93-1.75) 1.27 (0.96-1.67) 1.18(0.90-1.55)

NA 1.28(1.05-1.55) 1.20(0.99-1.45) 1.29(1.01-1.64) 1.21(0.95-1.53)
History of use of oral contraceptives

No Reference na* -- --

Yes 0.99 (0.85-1.14) na* -- --

Abbreviations: aPR, adjusted prevalence ratio; Cl, confidence interval; na, not available; STI, sexually transmitted infection

na* variables were not significantly associated with HPV seroprevalence in the univariable model and therefore not included in the fully

adjusted model

Sthe aPR are adjusted for all variables which are listed in the table and remained in the final model

Statistically significant PR are shown in bold font



Supplementary Table 8. Factors Associated with Seropositivity to at least one of low-risk Human Papillomavirus (HPV) Types

DISSERTATION ,SEROEPIDEMIOLOGIE VON HPV UND CMV*

6 or 11 in Females and Males, HPV Seroprevalence Study, 2016/2017 (sera collected 1997-1999).

Variable

Females

Males

Crude PR (95%Cl)

Fully aPR (95%Cl)*

Crude PR (95%Cl)

Fully aPR (95%Cl)°

Age groups (y)
18-24
25-29
30-39
40-49
50-59
60-69
70-79
Region of residence |
East
West
Region of residence Il
Northern Germany
Central Germany
Southern Germany
Country of birth
Germany
Other
Urbanity
Rural
Small city
Medium sized city
Large city
History of smoking
No
Yes
Education
Low
Middle
High

Seropositive for any other STI

No
Yes

Lifetime no. of sex partners

0

1
2-4
5-9
>=10
NA

History of use of oral contraceptives

No
Yes

Reference
1.66 (0.93-2.96)
1.87(1.17-2.99)
2.08 (1.29-3.36)
1.39(0.85-2.28)
1.87(1.14-3.06)
1.24 (0.69-2.24)

Reference
0.95(0.80-1.13)

Reference
0.99 (0.78-1.26)
0.95(0.71-1.28)

Reference
1.03(0.75-1.43)

Reference
1.20(0.90-1.61)
1.03 (0.79-1.35)
1.18(0.92-1.51)

Reference
1.46 (1.20-1.78)

1.10(0.88-1.37)
Reference
1.13(0.87-1.48)

Reference
1.72 (1.43-2.06)

0.16 (0.02-1.21)
Reference
0.92 (0.70-1.20)
1.57(1.10-2.24)
1.57 (1.02-2.41)
1.04(0.78-1.39)

Reference
1.03(0.84-1.27)

Reference
1.60 (0.86-2.97)
1.67 (1.01-2.75)
1.95(1.19-3.20)
1.40(0.83-2.34)
1.99 (1.19-3.35)
1.35(0.72-2.51)

na*
na*

na*
na*
na*

na*
na*

na*
na*
na*
na*

Reference
1.30(1.03-1.64)

na*
na*
na*

Reference
1.60 (1.30-1.96)

0.27(0.04-2.01)
Reference
0.82(0.63-1.08)
1.24(0.84-1.82)
1.16 (0.74-1.83)
0.88(0.65-1.20)

na*
na*

Reference
0.66 (0.39-1.10)
1.15(0.78-1.69)
1.16 (0.81-1.68)
0.60 (0.40-0.91)
0.61 (0.38-1.00)
0.49 (0.27-0.88)

Reference
1.21(0.97-1.50)

Reference
1.07 (0.86-1.34)
1.03(0.80-1.33)

Reference
1.53(1.11-2.11)

Reference
1.01(0.78-1.31)
1.37(1.05-1.78)
1.08 (0.86-1.37)

Reference
1.64(1.27-2.13)

1.15(0.81-1.63)
Reference
0.94(0.72-1.23)

Reference
1.69(1.31-2.17)

1.26 (0.42-3.82)
Reference
0.97 (0.61-1.54)
1.24(0.78-1.96)
1.40 (0.95-2.05)
1.38(1.01-1.90)

Reference
0.57 (0.33-0.96)
0.95(0.64-1.42)
0.99 (0.67-1.46)
0.48 (0.31-0.75)
0.52 (0.31-0.87)
0.39(0.21-0.72)

na*
na*

na*
na*
na*

Reference
1.39(1.03-1.87)

Reference
1.03(0.79-1.33)
1.41 (1.08-1.83)
1.13(0.91-1.41)

Reference
1.63(1.24-2.12)

na*
na*
na*

Reference
1.55(1.21-1.98)

1.40(0.48-4.03)
Reference
0.83(0.54-1.27)
1.00(0.65-1.53)
1.05 (0.74-1.47)
1.16 (0.85-1.58)

Abbreviations: aPR, adjusted prevalence ratio; Cl, confidence interval; na, not available; STI, sexually transmitted infection

na* variables were not significantly associated with HPV seroprevalence in the univariable model and therefore not included in the fully

adjusted model

Sthe aPR are adjusted for all variables which are listed in the table and remained in the final model

Statistically significant PR are shown in bold font
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Journal Impact
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Journal Impact

Rank Full Journal Title Total Cites Eigenfactor Score
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Abstract

Background: In Germany, HPV vaccination of adolescent girls was introduced in 2007. Nationally representative data
on the distribution of vaccine-relevant HPV types in the pre-vaccination era are, however, only available for the adult
population. To obtain data in children and adolescents, we assessed the prevalence and determinants of serologi-

cal response to 16 different HPV types in a representative sample of 12,257 boys and girls aged 1-17 years living in
Germany in 2003-2005.

Methods: Serum samples were tested for antibodies to nine mucosal and seven cutaneous HPV types. The sam-

ples had been collected during the nationally representative German Health Interview and Examination Survey for
Children and Adolescents in 2003-2006. We calculated age- and gender-specific HPV seroprevalence. We used mul-
tivariable regression models to identify associations between demographic and behavioral characteristics and HPV
seropositivity.

Results: We found low but non-zero seroprevalence for the majority of tested HPV types among children and
adolescents in Germany. The overall seroprevalence of HPV-16 was 2.6%, with slightly higher values in adolescents.
Seroprevalence of all mucosal types but HPV-6 ranged from 0.6% for HPV-33, to 6.4% for HPV-31 and did not differ by
gender. We found high overall seroprevalence for HPV-6 with 24.8%. Cutaneous HPV type seroprevalence ranged from
4.0% for HPV-38 to 31.7% for HPV-1. In the majority of cutaneous types, seroprevalence did not differ between boys
and girls, but increased sharply with age, (e.g., HPV-1 from 1.5% in 1-3-years-old to 45.1% in 10-11-years-old). Associa-
tions between behavioral factors and type-specific HPV prevalence were determined to be heterogeneous.

Conclusions: We report the first nationally representative data of naturally acquired HPV antibody reactivity in the
pre-HPV-vaccination era among children and adolescents living in Germany. These data can be used as baseline esti-
mates for evaluating the impact of the current HPV vaccination strategy targeting 9-14-years-old boys and girls.

Keywords: Human papillomavirus, Seroprevalence, Risk factors, Children, Adolescents, Germany
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the diverse Papillomaviridae virus family and comprises
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over 200 different types, which can be further catego-
rized based on different parameters [1-3]. HPV types
belong to different genera and species based on their
phylogenetic relationship [4]. They can also be catego-
rized into two tropism groups, comprising cutaneous
HPV types (cutHPV) and mucosal types (mucHPV).
Only a small fraction of mucHPV belonging to the alpha
genus, like HPV-16 and HPV-18, are assigned to the so-
called high-risk (HR) group, due to their role as causative
agents of various types of precancerous lesions and can-
cer [5, 6]. However, the majority of HPV-infected persons
develop no visible signs or symptoms, and infections are
usually transient and cleared within 12—24 months [5,
7-9]. Infections with other HPV types can lead to differ-
ent clinical manifestations. The so-called low-risk (LR)
types HPV-6 and HPV-11 can cause external benign
genital warts [6]. CutHPV, e.g. HPV-1 or HPV-4, are usu-
ally found on healthy skin [10], even though they can also
be detected in skin lesions such as benign skin warts [4,
6], and some types have been discussed to be involved in
skin carcinogenesis [11].

Children and adolescents before sexual debut can also
be affected by HPV infections. Typical disease manifes-
tations of HPV infection in children are skin warts [12],
commonly transmitted by cutHPV infections [13]. Skin
warts are mainly caused by HPV types 1, 2, 3, 4, 27 and
57 [3]. There are different types of warts, including com-
mon warts (verruca vulgaris), plantar warts (myrmecias)
and flat warts (verruca plana) with different prevalence
and age distributions, which could be due to differences
in transmission modes [3, 14]. Generally, HPV associ-
ated skin warts are rare in preschool children, and peak
among children aged 10-14 vyears, followed by a rapid
decline at 20 years of age with no difference between
girls and boys [3]. Other rare diseases caused by HPV
infections in children and adolescents are juvenile-onset
recurrent respiratory papillomatosis (JoRRP), oral papil-
loma or anogenital warts [15]. JoRRP is most prevalent
among children under five, mainly caused by persis-
tent HPV-6 and HPV-11 infections and associated with
maternal transmission [15]. However, there is also grow-
ing evidence of HR-HPV infections in healthy children
[3, 16].

There are only few HPV serology data in children avail-
able, even though research on HPV infections in children
already started more than 50 years ago [17-19]. Research
primarily focused on modes of HPV transmission such as
perinatal mother-infant transmission [16] or prevalence
among adolescents related to the start of sexual activities.
Study results on risk of vertical transmission vary [20,
21] and the exact routes remain unclear [22]. Neverthe-
less, detection of genital HR-HPV DNA in infants has
been repeatedly reported by various studies [21, 23, 24].
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Next to perinatal transmission, alternative routes were
addressed, such as periconceptual, antenatal, via amni-
otic fluid [22]. HPV infections can be also horizontally
transmitted via autoinoculation, heteroinoculation or via
fomites [3, 25, 26]. HPV infections leading to anogenital
warts in children are also discussed as a result of sexual
transmission in the context of sexual abuse [14, 27]. Ano-
genital warts, based on vertical or sexual transmission are
mainly due to mucHPV 6, 11, 16 und 18 [3, 27]. Anogeni-
tal warts due to cutHPV 1, 2, 3 or 4 can be due to hetero-
or autoinoculation [3]. It is important to notice, however,
that the exact transmission routes in infants and children
remain controversial [3, 26, 28], which makes it even
more relevant to evaluate age-specific prevalence data in
this population.

To investigate the prevalence of HPV infections, DNA
testing is used as the reference standard for the detection
of current HPV infections [29]. While DNA testing is not
an appropriate method to assess previous infections [30],
testing for HPV-specific antibodies in an unvaccinated
population provides information about past HPV expo-
sure [30, 31]. HPV serology has been established as an
important method for population-based studies focusing
on type-specific cumulative lifetime exposure to HPV.
However, there are only few seroprevalence studies that
focus on children [16, 32-34].

Our study aimed to determine age-specific HPV sero-
prevalence in a representative sample of 12,257 boys and
girls aged 1-17 years living in Germany in the years 2003
to 2005. As HPV vaccination of girls has only been intro-
duced in Germany in 2007, our results show naturally
acquired antibody reactivity in the pre-HPV vaccination
era.

Methods

Study population

Archived serum samples were obtained from the German
Health Survey for Children and Adolescents (KiGGS)
carried out by the Robert Koch Institute (RKI) from 2003
to 2006 [35]. This cross-sectional health survey was the
baseline study of the RKI health monitoring program and
aimed to collect and analyze nation-wide representative
data on the health status of children and adolescents in
Germany aged 0-17 years [36]. Recruitment was based
on a two-stage stratified cluster sampling design, with
participants randomly selected from the population reg-
isters of 167 cities in Germany (for a detailed description
of the study design, see [36, 37]). The overall response
rate was 66.6% [36].

The study was conducted according to the Federal and
State Commissioners for Data Protection guidelines and
was approved by the Charité University Medicine Berlin
ethics committee and the Federal Commissioner for Data
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Protection. Informed written consent and agreement
were obtained from the parents of all participants.

Survey methods

In the KiGGS study, a total of 17,641 children and ado-
lescents aged 0—17 years were interviewed and medically
examined. Of those, 14,386 participants aged 1-17 years
provided a blood sample. As we could not test around
15% of the sera samples because they were already used
up in the core study (n=14,302), or could not be success-
fully tested in the laboratory for reasons like insufficient
bead count (n=284), the overall number of serum samples
available for this study were 12,257 (85.2%).

Standardized self-administered questionnaires were
used to obtain information on socio-demographic and
lifestyle variables. Questionnaires were filled out by the
parents of all children (1-17 years) and by the children
themselves (>10 years). Age was categorized into seven
groups (1-3, 4-6, 7-9, 10-11, 12-13, 14-15, and 16-17).
Region of residence was split into two groups, with “West
Germany’ and ‘East Germany, considering the former
boarders of the German Democratic Republic and the
Federal Republic of Germany from 1949 to 1990. Urban-
ity was categorized as rural (<5000 residents), small city
(5000 to <20,000 residents), medium-sized city (20,000
to <100,000 residents) and large city (>100,000 resi-
dents). The socioeconomic status was based on a parental
socioeconomic status (SES) index, including information
about education, occupational status, and income of both
parents separately. The highest index score was used for
the overall household SES. Based on the household SES
index, children were categorized into ‘low, ‘medium’ and
‘high’ SES [38].

Multiplex serology

In 2016/2017, serum specimens were tested for anti-
bodies to the major capsid (L1) protein of 16 different
HPV genotypes at the German Cancer Research Center
(DKFZ) in Heidelberg. Serological testing was performed
by a glutathione S-transferase (GST) capture immunoas-
say in combination with fluorescent bead technology as
previously described [39]. We used the following criteria
to select HPV-types for analysis: public health relevance,
carcinogenic potential, and associated disease outcomes
(Additional file 1: Fig. S1). As little is known about dif-
ferent cutaneous HPV types in children apart from the
common cutaneous disease types HPV-1 and HPV-4, we
tried to include a broad coverage of phylogenetic genera
and species for cutHPV. Finally, nine mucosal (alpha: 6,
11, 16, 18, 31, 33, 45, 52, 58) and seven cutaneous (alpha:
10; beta: 8, 38, 49; gamma: 4; nu: 41; mu: 1) HPV gen-
otypes were included in the test panel. We measured
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type-specific HPV seroreactivity in median fluorescence
intensity (MFI) units.

For calculating seropositivity, MFI values were dichoto-
mized as positive or negative based on previously estab-
lished type-specific cutoff-values. Seropositivity was
defined as the proportion (%) of positive tested sera. The
cut-off values were established with sera of a cohort of
125 young Korean women who were HPV DNA negative
and self-reported to never have had sexual intercourse
[40]. The following MFI cutoffs were used for mucHPV:
HPV-6: 571, HPV-11: 500, HPV-16: 200, HPV-18: 200,
HPV-31: 712, HPV-33: 515, HPV-45: 368, HPV-52:
371, HPV-58: 200. A cutoff of 200 MFI was used for all
cutHPV [41].

Statistical analysis

To assure representativeness of the data at the national
level, survey weights were calculated and applied to all
estimates, adopting the study sample (providing HPV
antibody test results) to the population structure of Ger-
many in 2003 in terms of age, gender, state, size of munic-
ipality, education and German/non-German nationality
and the regional distribution between East and West Ger-
many. These survey weights, which accounted for the
stratified and clustered sample design of the survey, were
applied throughout the statistical analyses.

Weighted seroprevalence was calculated for all 16 types
separately and for the following groups of HPV types:
types included in the bivalent vaccine (HPV-2val, 16, 18),
types included in the quadrivalent vaccine (HPV-4val,
6, 11, 16, 18), and types included in the nonavalent vac-
cine (HPV-9val, 6, 11, 16, 18, 31, 33, 45, 52, 58). Group-
specific seroprevalence was calculated as the weighted
proportion of participants seropositive to at least one of
the HPV-types included in one group. Additionally, MFI
were plotted against the percentile for each HPV type
individually stratified by gender and age for analyzing
antibody reactions without relying on a specific cutoff.

Differences regarding demographic and behavioral
characteristic of participants stratified by gender were
evaluated by using chi’ or Fishers Exact test. Chi*-tests
were used to test for statistical significance in categorical
variables (p<0.05) and logit transformation was applied
to calculate confidence intervals (95% CI).

We calculated prevalence ratios (PRs) using Pois-
son regression models to identify factors independently
associated with HPV seropositivity for HPV-6, HPV-11,
HPV-16, HPV-18 and for at least one of the cutaneous
HPV types (HPV-1, HPV-4, HPV-8, HPV-10, HPV-38,
HPV-41, or HPV-49) tested for in our analysis (HPV-
cut). We used PR instead of Odds Ratios to obtain more
interpretable association estimates [42]. The modelling
was performed using generalized linear models with
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Poisson family with log link function. Additionally, we
included the survey design for estimating variance and
95% Cls. Possible interactions between factors were
taken into consideration in the multivariable model.
In the final multivariable model, we included all factors
that were associated with type-specific seropositivity at a
p <0.05 level in a backward step approach. Pearson’s cor-
relation coefficient was calculated to identify correlations
between HPV types, with attributing small correlation
for values between 0.1 and 0.3, moderate correlation for
values between 0.3 and 0.5 for strong correlation for val-
ues 0.5.

Data management and statistical analysis were con-
ducted using Stata, Version 14 (STATA Corp., College
Station, TX, US). Percentile plots were created with R
Studio, Version R version 3.6.0 (2019-04-26).

Results

Overall, 12,257 serum samples of children and adoles-
cents aged 1-17 years with valid HPV serology from the
pre-HPV-vaccination era were included in the analy-
sis (Fig. 1). Among the participants, 48.7% were girls
(n=5973) and 51.3% were boys (n=6284). The sociode-
mographic characteristics of the study population are
shown in Table 1.

Seroprevalence mucosal HPV types

Seroprevalence data and MFI distributions of mucHPV
are presented in Fig. 2, and Additional file 2: Fig. S2,
Additional file 5: Table S1. Seroprevalence of all but
HPV-6 ranged from 0.6% (95% CI 0.4—0.8%) for HPV-
33, to 6.4% (95% CI 5.8-7.1%) for HPV-31. Type-specific
HPV seroprevalence did not differ by gender for most
mucHPYV, except of HPV-6.

17,640 KiGGS participants

| 3,254 participants without blood
sample collection

A

14,386 participants with blood
samples

2,129 participants without HPV
serology (insufficient volume or

poor quality)

12,257 participants of the HPV
seroprevalence study

Fig. 1 Flow chart of study participants of the HPV seroprevalence

study (n= 12,257, sera collected 2003-2006)
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HPV-6 differed to the other mucHPV with a high over-
all seroprevalence of 24.8% (95% CI 23.6—26.1%). The
highest value (33.8%, 95% CI 31.0-36.7%) was observed
in the age group 4-6 years. HPV-6 seroprevalence
decreased thereafter to 16.6% (95% CI 14.5-19.1%) in
the age group 16—17 years. HPV-6 was the only mucHPV
which differed by gender with an overall seroprevalence
of 23.1% (95% CI 21.5-24.7%) in girls and 26.4% (95%
CI 24.9-28.0%) in boys (p<0.001). HPV-11 resembled
HPV-6 regarding age distribution with highest seroprev-
alence in the age group 4—6 years.

The overall seroprevalence of HPV-16 was 2.6% (95%
CI 2.2-3.0%). It remained relatively stable in the young-
est age groups with 1.5% (95% CI 0.9-2.6%) among the
1-3 years-old and 2.1% (95% CI 1.4-3.1%) among the
12-13 years-old and increased thereafter to 3.1% (95%
CI2.2-4.2%) and 4.4% (95% CI 3.4-5.8%) among the age
groups 14—15 and 16-17 years, respectively.

HPV-18 seroprevalence had a low variability across age
groups, with highest seroprevalence in the oldest group
(5.1%, 95% CI 4.0-6.4%). Overall, lowest seroprevalence
was found for HPV types 33, 45, 52, and 58, with slightly
higher values in older age groups. HPV-31 showed the
highest seroprevalence (15.1%, 95% CI 12.6—17.9%) in the
youngest age group, strongly decreasing at higher age.

Seroprevalence of vaccine relevant HPV types

Overall, 6.1% (95% CI 5.5-6.8%) of the participants were
seropositive for at least one of HPV-16 or HPV-18, both
types targeted by the bivalent vaccine (HPV-2val) (data
not shown). 28.9% (95% CI 27.5-30.4%) were seroposi-
tive for at least one of the types covered by the quadriva-
lent vaccine (HPV-4 val) and around a third (34.0%, 95%
CI 32.5-35.6%) were seropositive for one of the nonava-
lent vaccine types (HPV-9val).

Seroprevalence of cutaneous HPV types
Seroprevalence data and MFI distributions of cutHPV
are presented in Fig. 3, Additional file 3: Fig. S3 and Addi-
tional file 6: Table S2. CutHPV seroprevalence ranged
from 4.0% (95% CI 3.5-4.6%) in girls and 4.0% (95% CI
3.5-4.5%) in boys for HPV-38 to 33.8% (95% CI 32.2—
35.5%) in girls and 29.7% (95% CI 28.4-31.1%) in boys
for HPV-1 (Additional file 6: Table S2). In most cutHPV,
HPV seroprevalence did not differ between boys and
girls, except of HPV-1 with 33.8% (95% CI 32.2-35.5%;
girls) and 29.7% (95% CI 28.4—31.1% boys) (p <0.001).
CutHPV seroprevalence increased nearly stead-
ily from youngest to oldest age groups. We found the
strongest increase in HPV-1 seroprevalence, ranging
from 2.1% (95% CI 1.1-4.0%) in 1-3-years-old to 55.7%
(95% CI 51.7-59.6%) in 16—17-years-old among girls
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Table 1 Demographic characteristics of the study participants stratified by gender, HPV seroprevalence study (n=12,257, sera

collected 2003-2006)

Females Males Total p-value
Subjects, no. %° Subjects, no. %° Subjects, no. %
Overall 5973 48.7 6284 513 12,257 100
Age group (y) 0.248
1-3 616 154 649 154 1265 154
4-6 882 16.7 933 16.6 1815 16.6
7-9 1071 17.0 1146 17.0 2217 17.0
10-11 823 114 851 114 1674 114
12-13 889 12.2 960 12.2 1849 122
14-15 858 136 963 136 1821 136
16-17 834 13.8 782 13.8 1616 13.8
Region of residence 0426
West Germany 3922 832 4169 83.2 8091 832
East Germany 2051 16.8 2115 16.8 4166 16.8
Urbanity 0.090
Rural 1338 183 1382 18.5 2720 184
Small city 1561 27:5 1660 274 3221 275
Medium sized city 1768 296 1764 29.1 3532 293
Large city 1306 246 1478 250 2784 24.8
Socioeconomic status of parents 0612
Low 1569 338 1656 343 3225 34.1
Middle 2744 430 2882 420 5626 425
High 1523 209 1579 211 3102 21.0
NA 137 24 167 26 304 25
Migratory background of parents 0319
None 4680 74.2 4891 74.0 9571 741
One parent 403 8.1 431 8.4 834 83
Both parents 861 17.3 943 173 1804 17:3
NA 29 0.5 19 03 48 04

NA not available
2 Weighted proportion

# p-value for difference by gender

and from 0.9% (95% CI 0.4—1.8%) in 1-3-years-old to
47.7% (95% CI 43.4-52.0%) in 16—17-years-old among
boys.

Taken all seven tested cutaneous HPV types together,
46.0% (95% CI 44.7-47.3%) of the participants were
seropositive for at least one HPV-cut type (data not
shown). Seroprevalence for HPV-cut increased sharply
from 16.0% (95% CI 13.5-18.9%) in the age group
1-3 years to 57.5% (95% CI 54.4—60.6%) among chil-
dren aged 10-11 years. Thereafter, seroprevalence for
HPV-cut remained relatively stable and increased only
slightly to 66.9% (95% CI 64.2-69.5%) in age group
16-17. No seroprevalence difference was observed
between females and males in overall HPV-cut
(p=0.087).

Seroprevalence of single or multiple HPV types

36.6% (95% CI 35.1-38.2%) of the study population was
seronegative for all 16 investigated HPV types. Around
a third (32.7%, 95% CI 31.5-34.0%) were seropositive
for one HPV type, and 16.8% (95% CI 15.8—17.7%) were
seropositive for two HPV types. 7.4% (95% CI 6.7—-8.2%)
of the study population were seropositive for three HPV
types, and 6.5% (95% CI 5.9-7.1%) were seropositive for
more than three HPV types. In general, multiple HPV
seropositivity was influenced by the high proportion of
HPV-6 seropositivity. No gender difference was observed
for multiple HPV seropositivity (p =0.475).

The percentage of children being seronegative to any
HPV types decreased from 57.2% (95% CI 53.1-61.1%)
among 1-3-years-old to 28.8% (95% CI 26.1-31.6%)
among 10-11-years-old children and decreased only
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Fig. 3 Seroprevalence of seven cutaneous human papillomavirus types by age, HPV seroprevalence study (n=12,257, sera collected 2003-2006)

slightly thereafter to 25.7% (95% CI 23.3-28.3%) among
the oldest age group (16-17 years) (Additional file 4:
Fig. S4). Accordingly, seropositivity for three or more
HPV types increased from 4.7% (95% CI 3.6—6.2%)
with 3 types and 1.6% (95% CI 0.9-2.8%) with >3 types
among the youngest to 9.6% (95% CI 8.1-11.3%) with
3 types and 12.4% (95% CI 10.3—-14.7%) with >3 types
among the oldest age group.

Strong correlation of MFI values was observed among
HPV «l0 genotypes 6 and 11 (r=0.85) and HPV a9
types 52 and 58 (r=0.75). Moderate correlation was
observed among a7 types 18 and 45 (r=0.46) and
among a9 types, with HPV types 31/33 (r=0.39), 33/52
(r=0.49), and 33/58 (r=0.49).

Regarding cutHPV, moderate correlation was found
only between HPV types 8 and 38 (r=0.44), 8 and 49
(r=0.47), and 38 and 49 (r =0.43).

Factors associated with type-specific seropositivity

We analyzed possible associations of demographic varia-
bles with type-specific seropositivity. The weighted crude
and adjusted PR for HPV-16 and HPV-cut can be found
in Tables 2 and 3, respectively. Results of the regression
analysis for HPV-6, HPV-11, and HPV-18 seropositivity
are presented in Additional file 7: Table S3, Additional
file 8: Table S4 and Additional file 9: Table S5.

In the fully adjusted HPV-16 model, only age and
region of residence were significantly associated with
seropositivity. Children of older age (PR 14-15 years:
2.1, 95% CI 1.2-3.7; 16-17 years: 3.0, 95% CI 1.6-5.6)
and children living in West Germany (PR: 0.7, 95% CI
0.5—-1.0) were more likely to be seropositive compared to
younger age groups and to those living in the eastern part
of Germany.

While several associations, like number of household
members, or number of sunburns, were significant in
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Table 2 Factors associated with seropositivity for HPV-16, HPV seroprevalence study (n=12,257, sera collected 2003-2006) (results

from regression analysis)

Crude PR (95% Cl)

Gender

Female Ref

Male 1.1 (0.8-1.4)
Age group (years)

1-3 Ref

4-6 1.5(0.8-3.0)

7-9 1.6 (0.8-3.3)

10-11 1.6 (0.8-3.2)

12-13 1.4 (0.7-2.8)

14-15 20(1.1-3.7)

16-17 30(1.6-5.5)
Region of residence

West Germany Ref

East Germany 0.7 (0.5-1.0)
Urbanity

Rural Ref

Small city 0.8 (0.6-1.3)

Medium sized city 0.9 (0.6-1.3)

Large city 0.8(0.5-1.3)
Socioeconomic status of parents

Low Ref

Middle 0.8 (0.6-1.1)

High 0.8(0.5-1.1)
Migratory background of parents

None Ref

One parent 0.9(0.5-1.5)

Both parents 1.3(1.0-1.9)
Number of household members 1.0 (0.9-1.1)
Number of siblings in household 0.9 (0.8-1.1)
Body Mass Index (BMI) 1.0 (1.0-1.1)

p-value Fully adjusted PR (95% p-value
qn?
nsP
0.706
Ref
0.196 1.5(0.8-3.0) 0.198
0.158 1.6 (0.8-3.2) 0.167
0.184 1.6 (0.8-3.1) 0.195
0.331 14(0.7-2.8) 0.348
0018 2.1(1.2-3.7) 0.015
0.001 30(1.6-5.6) 0.001
Ref
0.055 0.7 (0.5-1.0) 0.025
ns?
0423
0.499
0370
nsb
0.132
0.134
nsP
0.596
0.077
0752 ns®
0.225
<0.001 ns®

PR prevalence ratio, Cl confidence interval, Ref reference

@ Mutually adjusted for all other variables in the model
b

the univariable HPV-cut model, a significant asso-
ciation with HPV-cut seropositivity was only observed
for age, region of residence, urbanity, and migratory
background of parents in the multivariable model.
The strongest association with HPV seropositivity for
cutHPV was seen for age, with a PR increase from 1.6
(95% CI 1.3-1.9) among the youngest age groups to
4.2 (95% CI 3.5-5.0) among the oldest. Living in East
Germany, compared to West Germany, was associated
with a slightly lower seropositivity (0.9, 95% CI 0.9-
1.0). The same was true for living in medium (0.9, 95%
CI 0.9-1.0) or large cities (0.9, 95% CI 0.9-1.0), com-
pared to living in rural areas, as well as for migratory

ns = variables were not significantly associated with HPV seroprevalence in the final model and therefore excluded

background of parents (0.9, 95% CI 0.8—-0.9), compared
to non-migratory background.

Region of residence was the only variable which was
significantly associated with HPV seropositivity in all
five regression models. Children living in West Germany
were more likely to be seropositive for HPV-6, HPV-11,
HPV-16, HPV-18, and HPV-cut, compared to children
living in East Germany. HPV-6 and HPV-11 were the only
serotypes for which number of siblings (HPV-6: 1.1, 95%
CI 1.1-1.1) or number of household members (HPV-11:
1.1, 95% CI 1.0-1.2) were significantly associated with a
slightly higher seropositivity (Additional file 7: Table S3,
Additional file 8: Table S4).
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Table 3 Factors associated with seropositivity for HPV-cut, HPV seroprevalence study (n=12,257, sera collected 2003-2006) (results
from regression analysis)

Crude PR (95% Cl) p-value Fully adjusted PR (95% CI)* p-value
Gender nsP
Female Ref
Male 1.0(0.9-1.0) 0.086
Age group (y)
-3 Ref Ref
4-6 16(13-1.9) <0.001 1.6(1.3-1.9) <0.001
7-9 26(22-3.1) <0.001 26(22-3.1) <0.001
10-11 36(3.0-43) <0.001 3.6 (3.0-4.3) <0.001
12-13 40 (33-4.7) <0.001 39(3.3-4.7) <0.001
14-15 40(34-47) <0.001 4.0 (3.4-4.7) <0.001
16-17 4.2 (3.5-5.0) <0.001 4.2 (3.5-5.0) <0.001
Region of residence
West Ref Ref
East 1.0(0.9-1.0) 0.084 0.9 (0.9-1.0) <0.001
Urbanity
Rural Ref Ref
Small city 1.0 (0.9-1.0) 0433 1.0 (0.9-1.0) 0447
Medium sized city 09(0.8-1.0) 0.006 0.9(0.9-1.0) 0.042
Large city 0.9(0.8-0.9) 0.001 0.9 (0.9-1.0) 0.045
Socioeconomic status of parents nsP
Low Ref
Middle 1.0(1.0-1.1) 0211
High 1.0 (0.9-1.0) 0329
Migratory background of parents
None Ref Ref
One parent 0.9 (0.8-1.0) 0018 1.0 (0.9-1.1) 0.896
Both parents 0.9 (0.8-0.9) <0.001 0.9 (0.8-0.9) 0.001
Number of household members 1.0 (1.0-1.1) 0.003 ns®
Number of siblings in household 1.0 (1.0-1.1) <0.001 ns®
BMI 1.1(1.0-1.1) <0.001 ns®
Breastfeeding ns®
Never Ref
Yes (but not solely) 1.0 (1.0-1.1) 0.345
Yes, full till 4th month 0.9 (0.9-1.0) 0.033
Yes, full till 6th month 0.8 (0.8-0.9) <0.001
Sunburn ns®
No Ref
Yes, several times 14(1.2-15) <0.001
Yes, one time 14(13-14) <0.001
Don't know 1.3(1.2-1.5) <0.001

PR prevalence ratio, C/ confidence interval, Ref reference
@ Mutually adjusted for all other variables in the model

b ns =variables were not significantly associated with HPV seroprevalence in the final model and therefore excluded

Discussion population-based seroprevalence studies are suitable to
Data on HPV infections from the pre-vaccination era  inform about prior cumulative exposure to HPV in dif-
are crucial to evaluate the impact of HPV vaccination. ferent age groups. While most of the serological stud-
Although not all HPV infections lead to seroconversion, ies focus on adult population or adolescents, data on
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type-specific antibody reactivity in children and adoles-
cents of all ages and both genders are scarce. We exam-
ined nationally representative data on children and
adolescents aged 1-17 years to determine seroprevalence
of nine mucosal and seven cutaneous HPV serotypes in
2003 to 2006, before the introduction of HPV vaccines in
Germany.

HPV seroprevalence of mucHPV was generally low
among children and adolescents. Type-specific seroprev-
alence was <3% for HPV-16, 33, 45, 52, and 58, around
4% for HPV-18 and 11, and around 6% for HPV-31.
HPV-6 showed relatively high antibody reactivity with
around a quarter of the children and adolescents being
seropositive. We observed considerable seroprevalences
of several mucHPV in children who were above the age
of having maternal antibodies gained through a potential
vertical transmission and under the age of being sexually
active and having gained HPV antibodies through sexual
contact. However, most of the children showed low type-
specific mucosal antibody titers, compared to cutHPV.
Seroprevalence of cutHPV were generally higher, with
most HPV types ranging between 4 and 8%, as well as
14% and 32% for HPV-4 and HPV-1, respectively. High
reactivity in cutHPV was especially evident for HPV-1,
which was present in around 50% of the children above
the age of 10 years.

While many international studies have investigated
HPYV serology in adults, only few serological studies tar-
geted children and adolescents [33, 43-50]. However,
most of them are limited by small sample size [41, 49, 51,
52], focus on single or highly selected mucHPV [32, 44,
47], or target specific age groups [50, 53]. Most serologi-
cal studies do not analyze age-specific seroprevalence of
children under the age of 10 (mainly because of small
sample size) [41, 43, 45, 51, 52, 54-56], or include only
females [45, 57, 58].

The focus on HPV prevalence among infants or ado-
lescents is usually based on different theories and
approaches of HPV transmission in children and ado-
lescents. Mainly older studies focused on exploring
seroprevalence based on vertical (mainly perinatal) trans-
mission, reporting varying risk of transmission between 4
and 22%. Maternal transmission was addressed by several
research papers [16, 20, 21, 27, 59], showing that about
30% of HPV positive children share at least one (cuta-
neous) HPV type with their mother (or also father) [3].
Although perinatally acquired HPV infections may per-
sist up to 3 years [24, 60, 61], it was concluded that the
overall risk of vertical HPV transmission is relatively low
[62].

Others have analyzed the age-dependent increase of
mucosal HPV seroprevalence in older children and ado-
lescents which was assumed to reflect sexual transmission
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of HPV due to onset of sexual activity. However, mucosal
HPV prevalence was also detected in children of other
age groups, irrespective of sexual transmission [16, 18].
Subsequently, it has been increasingly described that
mucosal antibody reactions (or HPV DNA detection)
in children should not be automatically seen as a reli-
able marker of sexual abuse and alternative transmission
routes of HPV should be considered [3, 20, 27, 56, 63, 64].
Non-sexual and non-vertical HPV infections in children
have been described as potentially horizontally transmit-
ted [20], by self- or heteroinoculation (e.g. anogenital to
hands or finger to mouth) [3, 16, 65]. This is supported by
Syrjanen [63], who describes that typical anogenital HPV
types, like HPV 6, 11, or 16, are also commonly found in
oral mucosa [66, 67]. The horizontal transmissions may
explain the seroprevalence of mucHPV among children
in our study. Another explanation is that early acquired
infections through vertical transmissions can lead to
latent infections in children, which may remain for sev-
eral years [63, 68].

Type-specific HPV seroprevalence in children showed
a considerable variability in previous studies. HPV-
16 seroprevalence ranged from 0.0% in a study with
128 children aged 0-9 years in Australia [43] to 10.9%
in a study with 46 children aged 2-7 years in South
Africa [69]. In a study including 257 male students aged
9-14 years from Mexico City, HPV 16 seroprevalence
was 6.2% [70]. A study from Germany including 187
children aged 1-14 years measured a seroprevalence of
0.5% [41]. However, age groups within studies differed
substantially and numbers of participants (under the age
of 18 years) were small in all studies. A study by Dunne
et al. [55], including higher numbers of children, reported
an HPV-16 seroprevalence of 2.4% among 1,316 children
aged 6—11 years in the United States. They found a sero-
prevalence of 0.4% among 429 children aged 6-7 and
3.3% among children aged 8-11 years. A study by Cubie
and colleagues reported an HPV-16 seroprevalence of
7.6% among 1192 schoolgirls aged 11-13 years, which
is higher compared the HPV-16 seroprevalence of 2.7%
and 2.1% among girls aged 10-11 and 12-13 years found
in our study [50]. A study from Sweden including 1031
children aged 0-13 years calculated an HPV-16 seroprev-
alence of 3.0% [32], which is comparable to the overall
HPV-16 seroprevalence of 2.6% in our study population.

In the same study, HPV-16-seroprevalence was high-
est (5.2%) among infants aged 0—0.5 years and again high
with 6.1% and 3.2% among children aged 7-10 (n=165)
and 10-13 years of age (n=124) [32]. A bimodal age
distribution has been discussed before [18] and was
also reported for asymptomatic HPV infections of the
oral mucosa, with a first peak prior to 1 year of age and
a second peak in adolescence [3]. In our data, HPV-16
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seroprevalence remained relatively stable between 1.5
and 2.5% among children under the age of 14 years and
increased slightly to 4.4% in the oldest age group, fol-
lowing a rather typical age distribution based on an
increased exposure due to sexual transmission of HPV-
16 as reported by others [45, 56, 57, 71]. However, it is
important to notice, that we could not include infants
under the age of 1 year.

An age distribution similar to that of HPV-16 sero-
prevalence was observed for HPV-18, HPV-45, HPV-52
and HPV-58. The opposite was true for HPV-6, HPV-11,
and HPV-31: the highest seroprevalence was observed in
younger age groups, followed by lowest HPV seropreva-
lence in the oldest age groups. This is not in line with
results from another study, even though a comparison is
limited as younger age groups are combined broadly and
numbers are low within those age groups in the study
from Australia [43]. However, a bimodal age distribu-
tion with high numbers of HPV infections (e.g. HPV-6)
among the youngest age groups were also found by DNA
testing [72]. Compared to most mucHPV, we observed
higher seroprevalence of cutHPV, especially for HPV-1,
which is in line with other reports [41, 50].

Using HPV-specific antibodies as a measure of previ-
ous infections poses several challenges. While it has been
shown that mucosal HPV antibodies can serve as an
indicator of previous HPV infections [73], varying sero-
conversion rates [74] and latency time of antibody devel-
opment limit their value. In females, following natural
infections with HPV, antibody responses are only detect-
able in about 50-70% of cases [74, 75], with the majority
of responses being weak. A study by Antonsson et al. [76]
showed that there was little difference in HPV antibody
stability between men and women. Another limitation
of serological HPV studies is the question of antibody
stability over time. Whereas antibody titers have been
shown to be relatively stable for mucosal types [73], the
stability of cutHPV antibodies is less known [76] and
studies with reliable data on the HPV antibody stability
among children of different age groups are missing.

It has been discussed whether the development of HPV
antibodies (and more generally an HPV infection) in early
childhood protects from HPV infection or HPV associ-
ated diseases in later life [62, 77, 78]. Naturally acquired
HPV antibodies provide protection against subsequent
cervical HPV infections [79]. However, the effect of natu-
rally acquired infections on immunity seems to be mod-
est and type-specific, as the effect was only observed for
HPV-16 infections [78, 79]. Rodriguez et al. [80] showed
that type-specific HPV infections may reappear and
may lead to precancerous lesions in previously exposed
individuals, even though the risk was low. In addition,
the magnitude of antibody response seems to influence
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immunity as shown in natural acquired compared to
vaccination acquired antibody responses [62, 79, 81,
82]. The effect of naturally acquired HPV-16 antibodies
seems to be also age-dependent and was lower in women
>25 years compared to 15- to 25-year-old women [62].
Focusing on seroprevalence in children and the poten-
tial influence of age, the question of naturally acquired
immunity is even more relevant when investigating the
most appropriate age for vaccination.

In Germany, HPV vaccination is recommended for
girls by the Standing Committee on Vaccination (STIKO)
since 2007 [83]. In 2018, the recommendation of a two
doses HPV vaccine schedule (with an interval of at
least 5 month) was extended to all boys and girls at ages
9-14 years [84]. HPV vaccination coverage in Germany
is still low but coverage data indicates a steady increase
of full (two dose) coverage among 15 year old girls from
27.2% in 2011 to 43.3% in 2018 [85]. Regarding HPV
vaccination strategies, it is generally recommended that
HPV vaccine should be given to children prior to sexual
debut. On the basis of study results showing that children
are already exposed to HR HPV types in young ages, it
has been argued that prophylactic HPV vaccination could
be more beneficial, if given at an earlier time point, e.g. at
birth or in early childhood [16].

We observed no difference in HPV seropositivity in
children regarding most of the demographic factors,
like gender, or socioeconomic status. The significant
higher prevalence ratio for HPV-16 seropositivity in the
age groups 15—17 years is in line with other publications
and an expression of the sexual debut and the increase in
sexual contacts. Slightly higher seroprevalence was found
in West Germany compared to East Germany both for
mucHPV 6, 11, 16 and 18, and for HPV-cut. The regional
difference mirrors the old state border between the Fed-
eral Republic of Germany and the German Democratic
Republic (1949 till 1990). Therefore, it is a potential fac-
tor of underlying socio-cultural differences between the
two regions and described as a potential factor for preva-
lence differences of infectious diseases before [86].

There are a few conflicting studies about a poten-
tial association between obesity, measured mostly as
body mass index, and HPV infections [87-89]. In our
data, body mass index was negatively associated with
HPV-16 seroprevalence in the univariate model of our
data but was not significant in the final model. Even
though body mass index may potentially play a role as
a psychosocial risk factor in HPV exposure based on its
influence on sexual activity [90], our data underline that
there is no biological plausibility of such an association
as this would have been seen in younger ages as well.
We did not find any association between number of
household members or number of siblings and HPV-16,
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HPV-18, or HPV-cut seropositivity, which could pose
as an additional potential risk factor for horizontal
HPV transmission [20, 28, 59, 91, 92]. A slightly higher
seroprevalence with increasing numbers of siblings or
household members was only found for low risk HPV
types 6 and 11 in the fully adjusted models, which could
be an indicator for hetero-inoculation due to horizontal
transmission of HPV through genital warts, lesions in
the oral cavity or laryngeal lesions among household
members/siblings [3].

We observed a pronounced association of cutHPV
seroprevalence with age. This result is in line with other
studies, showing a strong increase of cutHPV in early
years of childhood [13, 93]. There were no gender dif-
ferences regarding cutaneous types, which was also
expected as prevalence of skin warts is also not gender-
specific [93, 94]. An association between ultraviolet radi-
ation exposure and cutaneous HPV infection (mainly of
the beta genus) was described in other studies as it may
play a role in the development of basal cell carcinoma and
squamous cell carcinoma of the skin [95-97]. However,
we did not observe any statistical association between
number of experienced sunburns and seropositivity of
any cutHPV in our data.

Due to the wide range of different mucosal and cutane-
ous HPV types included in the assay, the determination
of seroprevalence largely depends on the applied cut-
off value. There is a variety of serological HPV antibody
detection methods, a lack of a universal applicable refer-
ence, and no standard cutoff values for type-specific HPV
serology. Therefore, serological HPV studies often use a
most likely negative cohort as the negative reference to
calculate cutoff values. This, however, assumes negativ-
ity in this cohort and is challenging if the ‘true’ status is
unknown. Our data was based on previous used cutoffs,
established in a cohort of South Korean young women
who claimed to have never had sexual contacts before
and used for other studies with the same serological assay
before [41, 44]. However, the challenges of HPV serology
methods implicates a limitation in the comparison and
explanatory power of seroprevalence differences between
studies using different methods. Despite this limitation,
the huge sample size of our study allows to compare sero-
prevalence of different age groups among the children, as
they were all tested with the same methods.

Another potential limitation is antibody cross-reactiv-
ity for phylogenetically closely related HPV types, which
could lead to an overestimation of seroprevalence for
some types (e.g., HPV-16 and -33). However, there is no
substantial cross-reactivity across phylogenetic species
(e.g., alpha 7 and alpha 9, i.e., HPV-16 and -18) or genera,
so the majority of our results are expected to reflect type-
specific results.
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Conclusion

To our knowledge, this is the first study on HPV anti-
body seroprevalence of cutaneous and mucosal HPV
types among a large, representative sample of children
and adolescents aged 1-17 years living in Germany. As a
result of our study, we found varying age distributions in
seroprevalence, dependent on type and tropism and we
found low but non-zero seroprevalence for most tested
mucHPV among children and adolescents. For HPV-16,
only age and regional differences were associated factors
with seropositivity. Compared to mucHPYV, seropreva-
lence of cutHPV were higher and generally increased
with age. Our study results provide population-based
HPV seroprevalence data among children and adoles-
cents and are an important data source of prior cumula-
tive exposure to HPV in different age groups. Our data
can serve as additional baseline data to understand the
nature of HPV infections among children and adoles-
cents and help evaluating the impact of the HPV vaccine
introduction.
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Table S3. Regression estimates for associated factors with seropositivity for HPV-6, HPV Seroprevalence Study (n = 12,257,
sera collected 2003-2006). NOTES. PR Prevalence Ratio, Cl Confidence Interval, Ref Reference, S Mutually adjusted for all

other variables

Crude PR Fully adjusted
(o5%c))  Pvale PR (95%cl)s  Pvalue
Gender
Female Ref Ref
Male 1.1 (1.1-1.2) 0.001  1.2(1.1-1.3) <0.001
Age group (years)
1-3 Ref Ref
4-6 1.8 (1.5-2.1) <0.001 1.7 (1.4-2.0) <0.001
7-9 1.6 (1.4-1.9) <0.001  1.5(1.3-1.8) <0.001
10-11 1.6 (1.3-1.9) <0.001  1.5(1.2-1.7) <0.001
12-13 1.2 (1.0-1.4) 0.133  1.1(0.9-1.3) 0.604
14-15 1.0 (0.8-1.2) 0910 0.9(0.8-1.1) 0.514
16-17 0.9 (0.7-1.1) 0.199 0.8 (0.7-1.0) 0.105
Region of Residence
West Germany Ref Ref
East Germany 0.8 (0.7-0.9) <0.001 0.8 (0.7-0.9) 0.001
Urbanity
Rural Ref Ref
Small City 1.2 (1.0-1.4) 0.041  1.1(1.0-1.3) 0.107
Medium Sized City 1.1 (0.9-1.3) 0.211 1.1 (0.9-1.2) 0.446
Large City 1.2 (1.0-1.4) 0.037 1.2 (1.0-1.4) 0.038
Socioeconomic status of parents ns#
Low Ref
Middle 1.0(0.9-1.1) 0.448
High 1.0(0.9-1.1) 0.625
Migratory background of par- ns#
ents
None Ref
One parent 1.1(1.0-1.3) 0.085
Both parents 1.2 (1.0-1.3) 0.005
Number of household members ns#
1.1(1.1-1.1) <0.001
Number of siblings in household
1.1 (1.1-1.1) <0.001  1.1(1.1-1.1) <0.001
BMI ns#
1.0 (1.0-1.0) <0.001

NOTES. PR Prevalence Ratio, Cl Confidence Interval, Ref Reference, $ Mutually adjusted for all other variables in the model,
#ns= Variables were not significantly associated with HPV seroprevalence in the final model and therefore excluded
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Table S4. Regression estimates for associated factors with seropositivity for HPV-11, HPV Seroprevalence Study (n = 12,257,

sera collected 2003-2006).

Crude PR Fully adjusted
(95%cy)  Pvalue PR(95%Cl)s  Pvalue
Gender
Female Ref
Male 1.0(0.8-1.3) 0.879 ns*
Age group (years)
1-3 Ref Ref
4-6 1.6 (1.1-2.4) 0.021 1.6 (1.0-2.4) 0.030
7-9 1.4 (1.0-2.1) 0.072 1.4 (0.9-2.0) 0.111
10-11 1.3 (0.8-2.0) 0.318  1.2(0.7-1.9) 0.502
12-13 0.8 (0.5-1.3) 0.372 0.8 (0.5-1.2) 0.262
14-15 0.7 (0.4-1.2) 0.201 0.7 (0.4-1.2) 0.161
16-17 0.7 (0.4-1.1) 0.141 0.7 (0.4-1.2) 0.189
Region of Residence
West Germany Ref Ref
East Germany 0.6 (0.5-0.9) 0.007 0.7 (0.5-0.9) 0.021
Urbanity ns#
Rural Ref
Small City 1.4 (0.9-2.1) 0.166
Medium Sized City 1.2 (0.7-1.8) 0.542
Large City 1.6 (1.0-2.5) 0.058
Socioeconomic status of parents ns#
Low Ref
Middle 1.1 (0.9-1.5) 0.371
High 1.2 (0.9-1.6) 0.270
Migratory background of parents ns#
None Ref
One parent 0.9 (0.6-1.5) 0.674
Both parents 1.1 (0.9-1.5) 0.405
Number of household members
1.1(1.1-1.2) 0.002 1.1(1.0-1.2) 0.043
Number of siblings in household ns#
1.1(1.0-1.2) 0.053
BMI ns#
1.0 (0.9-1.0) 0.004

NOTES. PR Prevalence Ratio, Cl Confidence Interval, Ref Reference, $ Mutually adjusted for all other variables in the model,
#ns= Variables were not significantly associated with HPV seroprevalence in the final model and therefore excluded
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Table S5. Regression estimates for associated factors with seropositivity for HPV-18, HPV Seroprevalence Study (n = 12,257,
sera collected 2003-2006).

Crude PR Fully adjusted
(95%c)y ~ Pvalee PR (95%cl)s  Pvalue
Gender ns*
Female
Male 1.2 (1.0-1.5) 0.095
Age group (years) ns#
1-3 Ref
4-6 0.8 (0.5-1.3) 0.463
7-9 0.9 (0.6-1.3) 0.650
10-11 0.7 (0.5-1.2) 0.182
12-13 0.9 (0.6-1.4) 0.707
14-15 1.0 (0.7-1.4) 0.800
16-17 1.2 (0.8-1.7) 0.421
Region of Residence
West Germany Ref Ref
East Germany 0.7 (0.5-1.0) 0.055 0.7 (0.5-1.0) 0.033
Urbanity
Rural Ref Ref
Small City 0.9 (0.6-1.2) 0.466 0.8 (0.6-1.2) 0.320
Medium Sized City 0.7 (0.5-1.0) 0.069 0.7 (0.4-1.0) 0.041
Large City 0.9 (0.6-1.3) 0.421 0.8 (0.6-1.2) 0.381
Socioeconomic status of parents ns#
Low Ref
Middle 1.1 (0.9-1.5) 0.359
High 0.9 (0.7-1.2) 0.407
Migratory background of parents ns#
None Ref
One parent 1.2 (0.8-1.8) 0.451
Both parents 0.9 (0.6-1.3) 0.523
Number of household members ns#
1.0(0.9-1.1) 0.985
Number of siblings in household ns#
1.0(0.9-1.2) 0.707
BMI ns#
1.0(1.0-1.0) 0.399

NOTES. PR Prevalence Ratio, Cl Confidence Interval, Ref Reference, $ Mutually adjusted for all other variables in the model,
#ns= Variables were not significantly associated with HPV seroprevalence in the final model and therefore excluded

tropism mucosal cutaneous
risk groups (IARC) HR LR
genus o B y U v
species a9 a7 al0 a2 | B1 | B2 | B3 | y1 | pl | v1
type 31 [ 33|52 |58 |16 |18 |45 | 6 |11 |10 | 8 [ 38 |49 | a4 | 1 | a1
9-val.
vaccine-relevance 4-val. 4-val.
2-val.

Figure S1. Selection criteria of HPV types




DISSERTATION ,SEROEPIDEMIOLOGIE VON HPV UND CMV*

GhdH —
8GMdH —
ZohdH —
SPAdH —
£EAdH —
bEADH —
ghAdH —
9bAdH —
FhADH —

1nojoa

%001

%GL

(900zZ-£002 pa129]|02 BJ3S ‘G2 ZT = u) Apnis aousjenasdoias AdH ‘8SAdH ‘ZSAdH ‘StAdH
‘€EENdH ‘TENCH ‘8T-AdH ‘9T-AdH ‘TT-AdH ‘9-AdH s2dA} AdH [esoanwi jo (sanjen |JA) uoideas Apoqgiiue ayy jo joid sji3uadiad “zs 84ndiy

elep jo uoipodoid
%05

WSE

%0

F00g

F 000k

0051

o002

(000Z=) senjea |4



DISSERTATION ,SEROEPIDEMIOLOGIE VON HPV UND CMV*

8AdH —
BPAdH —
WAdH —
YAdH —
BEADH —
0bAdH —
WAdH —

inojo?

%00k

%52

e1ep Jjo uoiuodold
%03

*(900Z-£00¢ pa129||02 B1BS ‘£ GT TT = U} Apnig
2auajenaidolas AdH ‘6FAdH ‘TEAdH ‘S8EAJH ‘OTAdH ‘S8AdH ‘TAdH ‘TAdH sedA} AdH snoauejno jo (sanjea [41A1) uoiyoeas Apoqiue ay3 jo joid a|ipuadiad "€S ainsiy

%Ge

%0

F00s

000k

005k

0002

{(Dooz=) seniea 414



%001 %06 %08 %0L %09

sjuedijed jo uoijiodoud

%05 %0

1 1

%0¢€

*(9002-£00Z P3323]|02 43S ‘£SZ‘TT = u) Apnis dud|enasdosas AdH ‘a3e Aq Auaiisodosas AdH ANl “S 24n3t4

%0¢ %0T %0

DISSERTATION ,SEROEPIDEMIOLOGIE VON HPV UND CMV*

sadAic<m

sodAicm sedAizm adAiTm

sedAiom

11-01T

el-at

ST-v1

LT-9T

sdnous a8y



DISSERTATION ,SEROEPIDEMIOLOGIE VON HPV UND CMV*

6. LEBENSLAUF

Mein Lebenslauf wird aus datenschutzrechtlichen Griinden in der elektronischen Version meiner Ar-
beit nicht veroffentlicht.
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