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Schematic representation of the CMV virion withad  epiction of potential vaccine targets.
A. Townsend-Extreme Images. In: Schleiss, J Pediatr 2007;151:564-70




Klinik der CMV-Primarinfektion in der
Schwangerschaft

blande, unspezifisch

-ieber 60%
| ymphknotenschwellung, Mudigkeit 50%
Kopfschmerzen 27%

- 715% der Schwangeren mit CMV-Primé&rinfektion
haben keinerlei klinische Symptomatik!

- Ultraschalldiagnostik erkennt nur 20% aller Primérinfektionen

- Virologische Pranataldiagnose ist unentbehrlich

K. Hamprecht/Tubingen




Pranatales CMV - Screening ?

« Krankheit ,wichtig*

(Schwerwiegend, haufig?)
e Pranatal behandelbar ?
e Test: hohe Sensitivitat und Spezifitat
e Kosten / Nutzen

e Pravention




Konnatale CMV-Infektion

* Nicht ganz geklart ist der
Zusammenhang:
o Zeitpunkt der mat. Infektion in der SS

VS.
Schweregrad der fet. Erkrankung

Gindes et al. BJOG 2008:115:830-5




CMV-Transmission
< 20. SSWoche

* Die meisten Kinder mit kongenitaler
Infektion wurden im 1. Trimester
Infiziert.

Stagno S et al. JAMA 1986;256:1904-8
Daiminger A et al. BJOG 2005;112:166-172




CMV-Transmission
Im 3. Trimester

Maternale Erstinfektion > 25. SSWoche
/5% (21/28) Transmissionsrate.

... follow up 3 Jahre
n=28, 1 IR, 27 Kinder gesund

Gindes et al. BJOG 2008;115:830-5.




Konnatale CMV-Transmission / Gestationszeit

|

Feldmann B, et al. AJOG 2006, S52 (SMFM abstract)




CMV-Transmission - nach Gestationszelt

Mat. Infektion im 3. Trimester 79%
Erhohte plaz. Durchblutung !

Mat. Infektion 1m 2. Trimester 46%
Mat. Infektion i1m 1. Trimester 46%

Bel mat. Reinfektion 1-2% (keine Viramie!)

Revello MG et al. J Clin Virol 2004:29:71-83




Transmission und Schadigung
des Kindes



Die CMV-Infektion des Neugeborenen ist die weltweit haufigste
kongenitale Infektion mit bis zu 10% schwerer ZNS-Schadigung

Schwere CID, Langzeit-GCV-Therapie, ULS7 Mutation C&07Y INfauste kongenitale CMY Infehti:nn-
Haas, Dep Neonatology, Greifswald, Germany M El-Amin Abdel Latif, E Sugo
NEJM, 362, 2010

K. Hamprecht/Tubingen



CMV Transmissionsrate Mutter > Kind

nach Gestationszeit

|
w 75 ; _ _
g (45.4% B Symptomatic congenital infection
-g : Asymptomatic congenital infection|
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Revello MariaGrazia et al. J Clin Virol 2004:29:71-83




CMV Erstinfektion / Gestationszeit

I

1. Trimenon @ + 2.+ 3. Trimenon [n=
Gehorschaden 24 % | | 2,5 %

0]

ZNS — Folgen
(Gehor, geistige
Entwicklung,
Lahmungen,
Krampfleiden,
Chorioretinitis) 32 % | |* 15 %

Mehrf. Folgen 12% |/* O

Pass RF, et al. J Clin Virol 2006:35:216-20
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OBSTETRICS

Pregestational, periconceptional, and gestational
primary maternal cytomegalovirus infection:
prenatal diagnosis in 508 pregnancies

Baruch Feldman, MD, PhD; Yoav Yinon, MD; Michal Tepperberg Oikawa, MSC;

Rakefet Yoeli, MD; Eyal Schiff, MD; Shlomo Lipitz, MD

OBJECTIVE: The objective of the study was to evaluate the vertical
transmission rate and fetal risk following primary maternal cytomegalo-
virus infection before and around conception.

STUDY DESIGN: Data of patients referred to fetal medicine clinic in 1
tertiary center in Israel were evaluated. Each included subject had pri-
mary maternal cytomegalovirus infection determined by serology, pre-
cise gestational dating, and testing of fetal infection. Subjects were as-
signed to five subgroups: pregestational, periconception, and first,
second, or third trimester of pregnancy.

RESULTS: Five hundred eight pregnancies were included. None of
the 97 pregnancies in the preconception group and 6 of the 130

periconception subjects (4.6%) were congenitally infected. Trans-
mission rates were 34.8%, 42.0%, and 58.6% for the first, second,
and third trimesters, respectively (F = .049). Prenatal and postnatal
follow-up indicated that third-trimester infection has no clinical ef-

fect on the fetus.

CONCLUSION: Pre- and periconception maternal infection carries small
risk for fetal infection, whereas it is positively correlated to time of ma-
ternal infection during pregnancy.

Key words: cytomegalovirus, periconception, pregestation, prenatal
diagnosis

Cite this article as: Feldman B, Yinon Y, Tepperberg Oikawa M, et al. Pregestational, periconceptional, and gestational primary maternal cytomegalovirus infection:

prenatal diagnosis in 508 pregnancies. Am J Obstet Gynecol 2011;205:342.e1-6.




TABLE 1
Vertical CMV transmission rate by gestational

age at the time of maternal infection

CMV positive
Study group Pregnancies, n* pregnancies, n Transmission rate, %

Pregestailun 97 0 0
Periconce ptmn 130 6 4.6
Flrst trlmester 152 53 34.8

Secund 1r|mester 10{)42 0

T|-||n;| tnmester 291? o

A|| cases 503113“ o

[}‘ﬂ,ﬂf, C}r[gmegakwimg_

3 Each of the 16 twin pregnancies is considered as 1 data paint; ® Each of the 2 twin pregnancies with 1 positive twin and 1 negative
twin was calculated as 1 positive data point; © First-, second-, and third-trimester pregnancies only.

Feldman. Prenatal diagnosis of primary maternal CMV. Am ] Obstet Gynecol 2011.

w

S. Lipitz, AJOG 1011



TABLE 1

Vertical CMV transmission rate by gestational

age at the time of maternal infection

Study group

Pregnancies, n®

CMV positive
pregnancies, n

LB/Gehor

Transmission rate, %

Pregestailun

PEHGDHEEpUDﬂ

Flrst trlmester

Secund 1r|mester

Thlrd trlmester

AII cases

Gestatlnnal cases®

97

0

4.6 1/0

34.8 12/1

42.0 15/ 1

58.6 17/0

23.2

3 Each of the 16 twin pregnancies is considered as 1 data paint; ® Each of the 2 twin pregnancies with 1 positive twin and 1 negative
twin was calculated as 1 positive data point; © First-, second-, and third-trimester pregnancies only.

Feldman. Prenatal diagnosis of primary maternal CMV. Am ] Obstet Gynecol 2011.

w

S. Lipitz, AJOG 1011



Symptomatische, kongenitale CMV

/I
Kongenital CMV - infiziert @

85-90% klinisch oB. 5-15% auffallig

Innerhalb 2 Jahren 1

5-15% Gehorverlust, Optikusatrophie,

psychomotor. Entw.-Verzogerung
(geistige Retardierung).

Stagno S et al. NEJM 1985;313:1270-1273  Demmler et al. Rev Infect Dis 1991;13:315-29




U.S. Children Born with or Developing Long-Term Medical
Conditions Each Year

Congenital CMV disease |

Fetalalcohol syndrome _

Down syndrome

Spina bifida/anencephaly |EEEEG—_—— |

Pediatric HIV/AIDS [l |
i |
Invasive Hib | |

Congenitalrubella syndrome |
| | . . . |
0 1000 2000 3000 4000 5000 6000
Annual Number

http://www.cdc .gov/cmv/trends-stats.html#affected




Pravalenz der CMV-Infektion
In der Schwangerschatft



- cDC en Espafial
Department of Health and Human Services

Centers for Disease Control and Prevention E:E:ar'u::h:_ (55

Cytomegalovirus (CMV)
Cytomegalowirus (Chit) Home =

TOPIC COMEMS e e e
» Tonic Home PI'EQI‘IEI‘IGY Contact Information

Each year in the United States, about
1n 750 children are born with
develop disahbilities as a result of CMY infection.

F INQFrEion 1af SpeCit
Groups and Settings

mMost hahies with congenital (meaning from bitk) CMY never have health problems. But, in some
habies, congenital CMY causes health problems when
the babyis harn or later in the baby's life. These health problems may include

« Hearing loss +« Bleeding problems
« Yision loss o Liver problems

o flental disahility ¢ Spleen prohlems
« Lung prablems o Growth problems

Sometimes health problems such as hearing orwision loss do not ocour until months or vears after

L il LA smvrmm s mmwm e = GemF e b il TR RALV Y Al s s s s s T e s il e b e - o ik IO -




1000

pregnancies that
lead to live birth

OVERALL, OUT OF 1,000 LIVE BIRTHS,

ABOUT 8/1000 INFANTS (LESS THAN 1%) WILL HAVE
CONGENITAL CMV INFECTION, OF WHICH

1-2/1000 (0.1%) WILL HAVE PERMANENT PROBLEMS.

CANNON MJ. CONGENITAL CMV EPIDEMIOLOGY AND AWARENESS
J CLIN VIROL. 2009;46 [SUPPL 4]:S6-10.



Pravalenz der CMV-Infektion
In der Schwangerschatft
Grazer Studie



Grazer Studie (1999-2000)

« 947 Schwangere (Serumscreening)
486 CMV-IgG positiv = 51%
Bereits <20J ca. 51%
...also altersunabhangig

461 CMV-IgG negativ = 49%

e (<30J...56% CMV-IgG positiv

Munro SC et al. J Clin Microbiol 2005;43(9):4713-18)

Halwachs-B. G, Genser B. Die konnatale CMV-Infektion. Springer 2003, S. 43




Grazer Studie (1999-2000)

« 947 Schwangere (Serumscreening)

e 18 CMV-IgM positiv
36 CMV-IgM Grenzbereich, unklar

Halwachs-B. G, Genser B. Die konnatale CMV-Infektion. Springer 2003, S. 43




Hochrechnung
fur die Grazer Frauenklinik,
2500 Geburten / Jahr

/ N

49% IgG negativ 51% IgG positiv

Halwachs-B., Genser. Die konnatale CMV-Infektion. Springer 2003, S. 46




Ges. Geh. 2500

Halwachs-B., et al. Konnatale CMV-Infektion. Springer 2003



Intrauterine Therapie der
CMV-Infektion ?



Symptomatische, kongenitale CMV

Erster Bericht / Nachweis im Fruchtwasser:
Davis LE, et al.

Intrauterine diagnosis of CMV infection: viral
recovery from amniocentesis fluid.

Am J Obstet Gynecol 1971;109:1217-19




Therapie — (erster Bericht)

.Gynako-Infekticlogie

Dezember 1989 12

Zytomegalie-Infektion bei Zwil lingsschwangerschaft —
Reversibilitiit eines Hydrops fefalis: mach Behandlung
mit Humanimmunglobulin (Cytotect®)

A. Breinfund R. LaBmann

Bei der 23]&hrigen Zweltgravida handel-
le es sich um eine Zytomegalie-Infek-
tlon der biamnialen Zwillingsschwan-
gerschaft. Die Infektion war durch Ana-
mnese, Symptomalologie und Serlogle
gesichert. Der Hydrops fetzlls mit iso-
liertern Aszites, Hautdem und Kardio-

megalle des einen Zwilllngskindes war .

In der 26, Schwangerschafiswoche so-
nographisch dlagnostizie? warden, In
der Folge wurde elne Théraple mit dem

humenen Hyperimmunglobulin Cyto-

Nila

G ripp alerInfekt”, geringe
Gew.ichiszanahme
Menslrvalotrsanamnese und dokumentierte
Uliraschalbefrnde (b dem ersten Trime-
mor) sprechen bei der 23Jahrigen Zweit:
Grevida fr 2n gesicherlés QGestalionsaller
der biamnialles erschaft. We:
@en schlechin Aligemelnbefindens wurde
die Palenim n der 26. Schwangerschalls-
woche stliv@r aufgenommen. Die Ane-
mnese egEb einen grippaten Infekl" mil

Die Gewichiszuna
schall belrug bis zu die
fich 6 Kilogramm, Laborcherin. /i
sich eine ausgepragle Anamie (Hb 90
gnoo mi, Hamalokrit 25 96), eine maBige
Leukozylose mit. 13 200 Leukozyten/mm?
Biul, eine Hyperbilirubindmie und palhclo-
gische Leberfunktionsproben (Bilirubin g
rekl 1,77 mgh00 ml. Bilirubin indireki
085 mgno0 ml, SGOT 51 Ui, SGFT 107
UA, Chelineslerase 2,4 mg/00 ml) sowie el
ne fir die Schwangarschafl bedingt erhdhile
alkalische Phosphatase (350 U/), CRP und

ASL: posiliv, Gamma-GT: normal, Urikult:

negaliv, Hepalilisserologig: negaliv, Blul:
gruppe: C; Rhasuslakior: pasiliv: Anlikbrper-
suchiest: negath

Das Infeklionsscreening bei der Muller
erbrachle den hochgradigen Verdachl auf
Zylomegalie-Infeklion: CMV-KBR; 1:40, CMV-
igM: posiliv. CMV-igG: pasitlv (S, 11, 12),




Breinl A, Lalmann R

CMV-Infektion bei Zwillingsschwangerschaft —
Reversibilitat eines Hydrops fetalis nach
Behandlung mit CMV-IgG (Cytotect):

26.SSW Hydrops + Cardiomegalie

.. »1herapievorschlag Dr. Popov,
Hygieneinstitut Wien“...

28. SSW Cytotect 2ml/kgKG

31.,34. und 37.SSWoche 1mil/kgKG
Follow up 11. Lebensmonat: gesund

gyne 1989;12:xxx




Therapie-Berichte
7

Bratcher DF, et al. 79957

Effect of passive antibody on congenital
cytomegalovirus infection in guinea pigs.

J Infect Dis 1995:172:944-950




Therapie-Berichte

» Zwillinge, mat. CMV Infektio @7
ein Zwilling IUGR, dicke Plazente.” 7
und NS-Odem.

. ... CMV IgG

e Post partum: 1 Kind infiziert, aber
gesund

Nigro G, et al. Am J Obstet Gynecol 1999;180:1222-1226



Therapie-Berichte

//\
Cosmi E, Nigro G, et al. 2000

Therapy or prevention of fetal infection b
CMV with immunoglobulin infusion In
pregnant women with primary infection

Acta Biomed Aten Parm 2000;71suppll1:547-551




Fram the Departmans of Fadiatrics (G,
and Gynecolog aal Sciencas, Perinatology,
and Child Hoalth |C.A, R.L], La Sapionza
Urvaaraity, Ramae; ard the Dopartmant of
Padiatrics and Biostatistics, Modical Collage
of Wirng nia Campus, Vinginia Commarsazalth
Unnvarsity, Richrmond [SPA, AME). Ad.
dress raprint raquasts tolir. Migre atvia da

Villir 35, 00161 Rome, 1taly or atrlgroging
[ibarsit

“Wembars of the Congerital Cytormega.
kowirus Colaborating Greup arelisted n
the Appand,

The HEW ENOLAND JOURNAL of MEDICINE

DOHIGIMNAL ARTICLE

Passive Immunization during Pregnancy
for Congenital Cytomegalovirus Infection

Giovarini Migro, M.D., Stuart P, Adler, M.D., Renato La Torre, M.D,
and Al M. Best, Ph.D., for the Congenital Crtomegalovitus Collaborating Group™

ARSTHACT

DACEGROUND
Carrently, there is no efiecrive inte venrion fora primary cytomegalovirs (CMV] infec-
ton duling preEnancy.

METHODS
We studicd pregnant 'u'il'-ﬂl]lE[lWIl'J] a j]['l[l!ﬂ.['_p' CMY mfécnnn. Tllf therapy group com-

tornal weight, A prevention group, consising of womcenwith a recent primary infection

before 21 weeks' gestation or who declined amniocantesis, was offered monthly hyper-
immune globulin (100U per kilogram nmavenously).

N Engl | Med 2005;353:1350-62.



Prospektive Studie 1995-2003
Nigro G, et al. NEJM 2005;353:1350-62

Primare CMV-Infektion“ =

181 Serokonversionen
26 IgM AK pos. gegen CMYV,

und CMV IgG steigend,
und Aviditat < 25%




181 primér.C‘I\/.IV

[ |

79 Amniozentese 102 keine AC

,,therapi/ qroup” .prevention group”

Einschluss:
Primare CMV-Infektion
einige Monate vor SS

wahrend der SS
Amniozentese CMV pos.
(PCR...DNA, oder Kultur).

Nigro G, et al. NEJM 2005;353:1350-62




181 primér.CAI\/.IV

— |

79 Amniozentese 102 keine AC

,,therapil qroup”

Well ev falsch negativ, da
primare CMV Infektion
iInnerhalb der letzten 6 Wochen;
oder SS vor der 20. SSW,
oder AC abgelehnt.

(Fetal-Sono unauffallig)




181 primar

Nigro G, et al. NEJM 2005;353:1350-62

CMV

|

79 Amniozentese

|

,,therap{/ qroup”

55 CMV pos 24 CMV neg.
| | L |

theJapy control

|

31 Elected to | | e |

3119G 14 no IgG

(200 U/kg) | globulin

‘10 IR

globulin

|

102 keine AC

Jpreventipn group”

—_therapy conltrol

37 19G 100U/kg | Slectdrate

monatlich

globulin

|

|
3 7 Gave birth

|
47 = | | 181R |

I N

3% (1) | 50% (7) | symptomatisch,

p<0,001

klinisch auffallig

16% (6)

40% (19)

p=0,04




Pranatal ,symptomatische* CMV

e Wurde bel 14 Feten unter mat.
CMV-IgG-Behandlung unauffallig.

(Plazenta und Kind therapiert).

Nigro G, et al. NEJM 2005;353:1350-62




Nigro-Studie weitere Ergebnisse

Cytotect Biotest Im 3. Trimester ist eher
nicht hilfreich. (Obwohl besserer anti-CMV 1gG —

Transfer Mussi et al. J Med Virol 2003;69:232-9 )

Infusion Ins Fruchtwasser sinnlos.
Intra-umbilical (NS) ist fraglich.

Cytotect weniger effektiv in Verhltung
fetaler Infektion, als in deren Therapie.

Nigro G, et al. NEJM 2005;Sept.29:1350-62




Pren Disgn 2008: 28: $12-517 Nigro, 2008

Pubbisteed onlige in Wikey Interdeicnce
(warw ierscbonoe wiley com ) BOd: 100 100 3

Regression of fetal cerebral abnormalities by primary
cytomegalovirus infection following hyperimmunoglobulin
therapy

Giovanni Nigro'®, Renato La Torre?, Henny Pentimalli®, Paola Taverna®, Mario Lituania®,
Begoia Martinez de Tejada® and Stoart P, Adler’

Table | —Outcome among children born o women with CMY-infecied amniotic Auid and ulirasonographic evidence of fetal
CMYV disease after HIG therapy {cases 1-3) or nontherapy {cases 4-5)

Maternal time of Ultrasonographic
Muother— serocomversion  HIG admimstered  evidence of fetal
infant pair (weeks gestalion) (weeks' gestation) CMV disease (weeks gestalion) Signs and symptoms at birth
| [0-21 291V Ventriculomegaly, petiventricular  None
echodensities (29)
BV +IA
2 7-12 24 TV Yenlriculomegaly, ascites, MNone
hepatosplenomegaly (24)
26 IV
0NV + 1A
3 E-19 22 IV Yentriculomegaly, intestinal Nome
echodensities (22)
____________ 1 ) 7
4 1n None Yentriculomegaly (29) Microcephaly, Ventriculomegaly,
endoventricular cyst. subcortical
atrophy bilateral chonoretinitis and
deafness
5 =12 MNone Ventriculomegaly (35) Periventricular calcitications. cortical

and cerebellar atrophy. leukomalacia

CMY. cytomegalovinus; HIG. hypenmmunoglobulin: 1V, intravenous HIG administered: A, intra-amniotic HIG sdministered.




Nigro, 2010, Am J Pathol

The Armrican foneaal o Pk el § 7T e 4 Soiwesiider 1o
Ergmviahe O Areericodi iy T Teorsgiite Prhilogy
A P02 A R R . o qas " ' f
e Ekatetina Maidji.* Giovanni Nigro,?
Takako Tabata,” Susan McDonagh,”
Immunoixithology and Infections Diseqases : : : i
2 al o LU Maoki Nozawa,* Stephen Shiboski *

Stefania Muci,’ Maurizio M. .._ﬂ'u.rm:esu:h'l.‘5
Matali Aziz,% Stuart P. Adler,! and Lenore Pereira*

Antibody Treatment Promotes Compensation for

Human Cytomegalovirus-Induced Pathogenesis and

a Hypoxia-Like Condition in Placentas with Preventon of Gongerilal HCMY Infecton_ 1309
: , AP Sepwenber 2000, Vol 177, No, 3

Congenital Infection

factor. With hyperimmune globulin treatment, pla-
growth factor and Fltl expression was reduced . and
sFli1 levels in amniotic fluid were lower. An increase
o il | F ol o Gt o Is
over that in controls suggested compensatory devel-
opment for a hypoxia-like condition. Taken together
the results indicate that antibody treatment can sup-
press HCMV replication and prevent placental -:l}';
function, thus improving fetal outcome.  (Am | Paibol
2000, 17712981310 DOL: 102353 a[path.2010.091210)

Eed
o

Rl of e Aviesge cownl
ralativa o conirol growp
u

Flymre 3. Stgnificam tcneise in the number of chosionie villi o placentas in
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Antenatal interventions for preventing the transmission of
cytomegalovirus (CMV) from the mother to fetus during
pregnancy and adverse outcomes in the congenitally infected
infant (Review)

McCarthy FP, Giles ML, Rowlands S, Purcell KJ, Jones CA

THE COCHRANE
COLLABORATION®




Ausschlullkriterien fur 6 klinische Studien (McCarthy rt al., 2011)

Study

Reason for exclusion

Adler 19%6

A BCT in which seronegative non-preguant mothwrs with a child less than 36 months of age and shedding coy-
romegabovirus wers assigned o 1 of 3 groups. An education group, an adherence and education growp or a conorol
gronp. A fourth group of pregnant women were included in the il However, these pregnant women ail were as.
stgmed 1o the educatbon proup withour randomisation, This trial wies excluded as ir addresed the prevention of child
to mother mansmission of CMV,

Adler 20004

A prospective RCT which investipated interventions for the prevention of child o mother rmansmission of CMY
1M PReEnant Women. Seronegalive WOINen, Pregnant of amempring pregnancy were randomised 1o behavioural
recommendations and education megarding CMV infaction, We excladed this rrial as it addressed the prevention of

child o mother transmision of T

Juxng 200

Pruspe::mre non-blinded non- p]:u_el:n mmmlted r*.md:mu.-:ad izl Eummmg the e{fucu of Tm‘,r-a Basdu Granule

' AT . ; 1 Linfecrion, We excluded
this crial ber.ms:: of n:-uthmlu]q-;m:] i, I'here WeTe ifis uﬂi-::en: r.[mphmc criteria Eur determining bodh primary
matermal CMY infection and congenigl CMY infection. Pregnant women with a history of an abnormal pregnancy
were incuded . OFf 118 controls and 122 inrerventinms feral owrcomes were available on only 38 conrrol pregnancies
and 46 rreatment pregnancies. The comesponding sathor was contacred 1o clarify disgmostic criteria, the exacr namne
of the *filial” samples used. the exacr histores of women with abnormal pregnancies, allocaron concealment and
missing dota. We receved no response,

|||||

Nigro 2005

Pregnant women with a confirmed primary CMV infection were sssigned 1w a therapy group who were
offered intrvenons CMY hyperimmune globulin or a prevention group who were offered monthly hypermmine
stobolin. We excluded this trial as it was 2 non-RCT.

[wmble blinded RCT which investiaed the use of 8 vaccine o _prevent maternal ChY infocrion, We excloded
thig trial becase the vaccine was adminisrered exclusively 1o non-pregnant postpartum women 10 investigare the
prevenition of primary maternal CMV infecton,

Picone 2009

ﬂ:rccn:'d nepatve. h-r.llh parerts were prm'ld:-;l with detailed h'rr.,mr: ml'nrm:nmn o thc prevention :ll'nammmmn

af CAY. Serological tesring was then repeated ar 36 weeks' gesrarion. We excluded this smdy because irwas nora
RCT but a pmspective cohort study, and it osed 3 histoncal control




Ohbjectives
The aim of this review was to assess the benefits and harms of interventions used during prepnancy to prevent mother to fetos
transmission of CMY mfection.

Search strategy
We scarchied the Cochrane Pregnancy and Childbirth Group’s Trials Register (31 December 20100).

Selection criteria

fmm lhe mm:hr;r [0 fems durmg pregnancy and ad'-rene outcomes in 1:|'I-E'.' mngﬂmtaﬂ}r mfected infant.
Data collection and mﬂl}lsﬁs

Two review authors independently assessed studies for inclusion,
Main results

We identified six studies from the search. None of these studies met the pre-defined criteria for inclusion in this review.

Antenatal mtarventions for preventing the transmission of cytomegalovirus (CHMY) from the mother to fetus during pregnancy and i
adwerse outeomes in the congenitally Infected infant | Review)
Copyright & 101 | The Cochrana Collaboration. Published by John Wiley & Sons, Led,




Catch-22 Problem

Wir konnen primare CMV Infektionen In
der SS diagnostizieren, aber wir tun es
nicht routinemallig, well wir keine klare
Behandlungsmoglichkeit haben. Aber wir
konnen eine solche Therapie nicht
entwickeln, solange Schwangere nicht
routinemallig gescreent und in Studien
eingeschlossen werden.

Griffiths PD. RevMedVirol 2006:16:1-4




Aktuell laufende HIG-Studien zur Pravention der
connatalen CMV Infektion

M G Revello, Pavia, Italien

Efficacy Study of Human Cytomegalovirus (HCMVY) Hyperimmune Globulin
to Prevent Congenital HCMY Infection (CHIP)

Double blinded RCT, presumed diagnosis, no screening

HIG: 100 U/kg (Cytotect) iv every 4 weeks

K. Friese, Minchen, Germany

Biotest Study 963: CMV Study

FPrevention of congenital CMY infection in infants of mothers with primary CMV
infection during pregnancy

Study inclusion: seronegative women, CMY screening

In case of seroconversion : 200 U/kg HIG (Cytotect) iv

K. Hamprecht/Tlbingen



Biotest Studie 963
>Pravention kongenitaler
CMYV Infektion

bel primarer Infektion in der
Schwangerschaft<

April 2013

Biotest AG, Corporate Clinical Research, Dr. G. Niemann




Cytomegalievirus Infektion in der
Schwangerschatft
Biotest Phase Il Study 963 / Design

» Studientitel
Pravention kongenitaler CMV Infektion bei primarer Infektion in der
Schwangerschaft

» Study Design
A randomised, open, controlled, prospective, multicentre and
multinational study investigating efficacy and safety of
Cytotect FH, nanometer filtered (BT094)

» Study Drug
BT094 (Cytotect FH, nanometer filtered)
Human CMV immunoglobulin with
>70 U/ml of high avidity anti-CMV IgG

April 2013 Biotest AG, Corporate Clinical Research, Dr. G. Niemann




Cytomegalievirus Infektion in der Schwangerschaft

Biotest Phase Il Study 963 Design

1. Test < 14. SSWoche
Screening

CMV IgG serology in 25,000 pregnant women

GruppeB
Routine prenatal care
(n=5,000),

CMV Kontrolle 36. SSW

CMYV 1gG neg (n=10,000)
Randomisation

CMV IgG pos
Exclusion

GruppeA
Alle4 Wochen CMV IgG
(n=5,000)

No seroconversion before
GW 36

seroconversion before GW

36 - two times 200 U/kg

BW BT094, repeated dose
If necessary

Birth:

CMV 1gG + (mother),
newborn infant:
CMV-DNA urinalysis,
assessment of CMV-related
symptoms

Birth:

CMV IgG + (mother),
newborn infant:
CMV-DNA urinalysis,
assessment of CMV-related
symptoms

Birth:
CMV-DNA urinalysis,
assessment of CMV-
related symptoms

April 2013

Biotest AG, Corporate Clinical Research, Dr. G. Niemann




Studie “CMV - Infektion in der Schwangerschaft”

» Dosierung
« 200 U/kg Korpergewicht = 4ml/kgKG

e 1. Gabe: Within 7 days after detection
of primary CMV infection

o 2. Gabe: 2 Wochen spater
e ev. 3. Gabe, 4 Wochen nach der 2. Gabe:

abhangig von Laborwerten (Aviditat).

lllllll

April 2013

Biotest AG, Corporate Clinical Research, Dr. G. Niemann




= 80 Uiml anti-Chit-1gG

Apothekenprels
Euro 260,' PackungsgriBen:
495,- | zmammie
S0ml Durchstichflasche
1158,-

560 ml = 12.760 Euro

280 ml = 6.555 Euro ...

monatlich




Dosierung

nach Munchner Studienprotokoll

CMV-Hyperimmunglobulin (Cytotect )
iInnerhalb 7 Tagen ab Diagnose, < 36+0

200 E =4ml / kg KG (bei 70kg / 280ml / 7.200 €)

Wiederholung nach 2 Wochen

WH nach weiteren 4 Wochen, je nach
CMV-1gG recombinant blot mit Aviditat und
anti-hCMV gB IgG ELISA Ergebnissen
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Studie “CMV - Infektion in der Schwangeschaft”
Biotest Phase Il Study 963 Design
Bei Primarinfektion in der SS + Therapie:

» Primary Efficacy Parameter

1. Lebenswoche: Urine CMV-PCR

 Comparison of the number of congenital CMV-infected
newborns/foetuses from mothers treated with BT094 (Group A)
to untreated mothers (Group B).

» Secondary Efficacy Parameters

* Folgeuntersuchungen:
at birth, with 6 months, 1 year and 2 years
* Physical Examination
e Ultrasound examination
e Otoacustic emmission
 Fundoscopy
 Bayley ll

- Clinical manifestation of CMV disease

April 2013 Biotest AG, Corporate Clinical Research, Dr. G. Niemann




Aktueller Stand der
CMV-Studie



Aktueller Stand der CMV-Studie

Screening and Selection Geplant Marz 2013
Screening of
pregnant women 25,000 14,055
for CMV IgG

Randomisation of

CMV seronegative 10,000 8677

pregnant women

Treatment Group A
Seroconversion IV BT094, 49 51
of CMV planned
seronegative
pregnant women Contro| Group B 31
49 planned




Studie CMV - Infektion in der Schwangerschatft
Biotest Phase Ill Study 963 — Current Status

Recruitment Status March 2013

Austria |Belgium |Germany | Hungary Italy
Number of Centres 4 8 26 9 2
Screened 2.220 3.703 7.132 972 28
Randomised 797 3.333 4.157 368 22
Seroconversions 3 61 16 2 0
% Seronegativity 36% 90% 58% 38% 79%
% Seroconversion | 0.38% 1.83% 0.38% 0.54% 0.00%
Falle / Zentrum: 555 463 274 108 14

April 2013

Biotest AG, Corporate Clinical Research, Dr. G. Niemann




Monthly Status of Subject Recruitment. March 2013

Status: Screenings per study site in March 2013

Site No_|Country |Region | Investigator Screenings March
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Ultraschall bei CMV

Gezielter US notig durch Experten,
manche Auffalligkeiten minimal
Ev. durch andere Ursache

Diagnose fuhrt ev. zu SSAbbruch

Berichte uber gutes Outcome trotz
auffalligen Ultraschalls

Beratungsdilemma

Benoist G et al. BJOG 2008;115:823-9
Lisnard C et al. Obstet Gynecol 2000;95:881-8
Lipitz S et al. Obstet Gynecol 2002;100:428-33.




Konnatale CMV — Klinik

Intrauterine Wachstumsretardierung |
Mikrozephalie, Ventrikulomegalie, intrakranielle
Verkalkungen — meist periventrikular lokalisiert

HDI
3500

Map 8
130dB/C5
Persist Med
Fr Rate Med
2D Opt:Res

_ Tle |
C8-5 Ped/Ceph 10:36:22 Fr#f &0 C8-5 Ped/Ceph

a m
& e Map 8

e : - 2 - : Calcification

130dB/C5 a——
Persist Med /
Fr Rate Med :

2D Opt:Res 2

Tlc0.3 MIOD.9
Fr #167 9.8 cm




Ultraschall bei CMV

Geringe Sensitivitat

Auffalligkeiten oft erst Wochen nach der
fetalen Infektion ... erst im 3. Trimester;
Anderung, Besserung maoglich.

US unauffallig: nicht beruhigend
dennoch krank: 1/5 bis 1/7

US auffallig:  beunruhigend.
Sensitivitat 21-86%, Spez. 79% !

Watt.Morse ML et al. Prenat Diagn 1995;15:567-70
Guerra B et al. AJOG 2007:196:221 Benoist G et al. BJOG 2008;115:823-9




owrese”

Guerra et al. AJOG Marz 2008;1.el1-1.e7

Women with primary

CMV infection
662

Follow-up available

600

8%

{ US auffallig W

_‘.__,--“"

US unauffallig ‘

51 ‘ 549
7 kN 7
/ A5% 24970 \
Uninfected Infected Infected Uninfected
28 23 131 418

18 klinisch (80%)

68 klinisch (60%)

Fetuses/neonates with

congenital CMV
infection
154

Guerra. Ultrasound prediction of symptomatic congenital cytomegalovirus infection. Am | Obstet Gynecol 2008.




Pranatale Prognosefaktoren bei CMV fur
,p0O0r outcome”

e Odds ratio
Thrombopenie 1,2
Sono auffallig nonzerebral 7,2
Sono auffallig 22,5
Sono auffallig zerebral 25,5

vGT, Viruslast (FW, Blut), CMV-IgM (?)

Benoist G et al. BJOG 2008;115:823-829




Pranatale Prognosefaktoren bei CMV fur
,poor outcome” (10/33 Neurologie post partum)

e Odds ratio
* Ascites, Hepatosplenomegalie oder

e Ventriculomegalie
Kalzifikationen
Mikrocephalie 39

Kelines von beiden NPV 100%

Maruyama Y et al. J Obstet Gynaecol Res 2007;33(5):619-623




Pranatale Prognosefaktoren bei CMV fur
,p0oor outcome* (6/33 gestorben post partum)

e Odds ratio fur Tod

» Ascites, Hepatosplenomegalie 40

* Kein Ascites, Hepatosplenomeg. NPV 100%

... Leberbeteiligung, -versagen = schlimmste Form

Maruyama Y et al. J Obstet Gynaecol Res 2007;33(5):619-623




.one step closer to a CMV vaccine® (Dekker und Arvin, N Engl J Med 360, 2009)

Vaccine Prevention of Maternal
Cytomegalovirus Infection

Robert F. Pass, M.D,, Changpin Zhang, M.D., Ashley Evans, M.D,,
Tina Simpson, M.D., William Andrews, M.D., Me=zi-Li Huang, Ph.D.,
Lawrence Corey, M.D., Janie Hill, R.N., Elizabeth Davis, R.N., M.P.H,,

Cynthia Flanigan, B.S., and Gretchen Cloud, M.5.

ABSTRACT

BACKGROUND
Congenital infection with cytomegalovirus (CMVY) is an Important cause of hearing,
cognitive, and motor mpairments in newborns,

METHODS
In this phase 2, placebo-controlled, randomized, double-blind trial, we evaluared a

vaccine consisting of mﬂmhmauLEMleanP_gI;m.pmtﬂn_E_wrth MF59 adju-
UE.I!IL as mmpared with plar:ebu 'I‘hree dme—s ﬂf’the CMV vaccme or plar.:ebn wete

had given I:H.rﬂ; We tested ﬁ:rr CM‘-" mf'er.'uun in the women in qua.rteﬂ].r tests du.rmg
a 42month period, using an assay for [gls antibodies against CMV proteins other
than glycoprotein B. Infection was confirmed by virus culture or immunoblotting.
The primary end point was the time until the detection of CMV infection.

N ENGL ] MED 36012 NEJM.ORG MARCH 19, 2009



schwere CID, Langzeit-GCY-Therapie, ULST Mutation CE0TY IMfauste kongenitale CMY Infekiion
Haas, Dep Neonatology, Greifswald, Germany M El-Amin Abdel Latif, E Sugo
NEJM, 362, 2010

Wie konnen wir die Krankheitslast kongenitaler CMV-Infektion reduzieren?

A logical first step for public health action towards awareness, prevention
and treatment i1s to

screen all newborns for congenital CMV infection at birth.

A second logical step for public health action towards awareness, prevention and
treatment is to

mandate routine prenatal screening of all pregnant woman for the presence
of CMV IgG antibody.”

Gail Demmler-Harrison, J Clin Virol, 46%, S1-85, 2009

K. Hamprecht/TUbingen



Hygienemalknahmen zur Reduktion des Risikos seronegativer
Schwangerer, eine HCMV-Infektion durch Kleinkinderbetreuung zu
erwerben
(Adler et al., 2004; Adler, 2005; Cannon und Davis, 2005).

Annahme, dal} das zu betreuende Kleinkind (< 3 Jahre) HCMY im Urin und
speichel ausscheidet.

Handehygiene mit Seife und warmem Wasser nach Windelwechsel,
Flttern, Baden, Nase schnauzen, Spielzeug anfassen.

Vermeidung der gemeinsamen Benutzung von Tassen, Tellern,
Zahnbursten und gemeinsamer Nahrungsaufnahme. Kein Kissen auf den
Mund, kein gemeinsamer Gebrauch von Handtuchern und Waschlappen.

Reinigung von Spielzeug und anderen Oberflachen, die mit Urnin oder
Speichel des Kindes in Kontakt kamen.
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Preventing Congenital CMV Infection

Pregnant women may want to take steps to reduce their risk of

exposure to CMV and so reduce the risk of CMV infection of their e /
fetus, (See Transmission to learn about possible spread of CMY
infection during pregnancy.)

Here are a few simple steps you can take to avoid exposure o
saliva and urine that might contain CMWY:

« \Wash yvour hands often with soap and water for 15-20
seconds, especially after

« thanging diapers
= feeding a young child
= wiping a young child’s nose or drool
= handling children’s toys
« Do not share food, drinks, or eating utensils used by young children
« Do not put a child’s pacifier in your mouth
+« Do not share a toothbrush with a young child
« Avoid contact with saliva when kissing a child

« Cleantoys, countertops, and other surfaces that come into contact with children’s urine or
saliva







