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SeroprevalenceSeroprevalence of HCMV of HCMV infectionsinfections

Prevalence from 40Prevalence from 40% % to 100%to 100% varyingvarying betweenbetween continentscontinents and and countriescountries

TThe most common etiologic agent of intrauterine infectionhe most common etiologic agent of intrauterine infectionss in fetuses (0.2% to 2.2% of all in fetuses (0.2% to 2.2% of all 

live births) and a major cause of infection induced hearing loss and mental retardationlive births) and a major cause of infection induced hearing loss and mental retardation

Hyde TB et al. (2010) Rev Med. Virol. 20: 311-326

http://www.abbottdiagnostics.com.au/Your_H

ealth/Infectious_Diseases/CMv/



GeneticGenetic variabilityvariability of HCMVof HCMV

ApproximatelyApproximately 2020 HCMVHCMV ORFsORFs encodingencoding

viralviral envelopeenvelope glycoproteinsglycoproteins BB (gB,(gB, ULUL5555),),

HH ((gHgH,, ULUL7575)) andand NN ((gNgN,, ULUL7373),), andandHH ((gHgH,, ULUL7575)) andand NN ((gNgN,, ULUL7373),), andand

chemokineschemokines andand chemokinechemokine receptors,receptors, asas

wellwell asas TNFTNF--αα receptorreceptor (pUL(pUL144144,, ULUL144144))

Puchhammer-Stöckl E and Görzer I. (2011) Future Virol. 6(2): 259-271



HCMV HCMV glycoproteinglycoprotein B B (g(gB)B)

TThe major HCMV envelope protein, important for viral replication he major HCMV envelope protein, important for viral replication in vivoin vivo and and in vitroin vitro as as 

well as host cell entry, cellwell as host cell entry, cell--toto--cell virus transmission, and fusion of infected cells cell virus transmission, and fusion of infected cells 

TheThe sitesite at position 460at position 460 cleaved by cellular cleaved by cellular endoproteaseendoprotease

TThe region between 448 and 481 he region between 448 and 481 codonscodons includingincluding the area of the highest genetic the area of the highest genetic 

variabilityvariability of of UL55UL55variabilityvariability of of UL55UL55

Pignatelli S et al. (2004)  Rev Med Virol. 14(6):383-410



HCMV HCMV UL55UL55 genotypesgenotypes inin congenitalcongenital cytomegalycytomegaly

TThe gB1 genotypehe gB1 genotype of HCMV of HCMV most most 

commonly observed in congenital commonly observed in congenital 

cytomegalycytomegaly worldwideworldwide

Single gB1 Single gB1 genotypegenotype of HCMV of HCMV identifiedidentified inin

congenitalcongenital infectionsinfections fromfrom Southern Southern 

HungaryHungary

CoCo--infectionsinfections withwith variousvarious HCMV HCMV gBgB strainsstrains

observedobserved inin infantsinfants fromfrom thethe U.S. and ChinaU.S. and China



�� DeterminationDetermination ofof HCMVHCMV ULUL5555 genotypesgenotypes inin pregnantpregnant PolishPolish women,women, theirtheir fetusesfetuses

andand newbornsnewborns

�� EstimationEstimation ofof tthehe impactimpact ofof viralviral genotypesgenotypes onon bothboth thethe transplacentaltransplacental transmissiontransmission

ofof thethe virusvirus andand diseasedisease outcomeoutcome inin thethe offspringsoffsprings

AimsAims of of studystudy::



Materials and Materials and MethodsMethods: : 

CollectionCollection of of clinicalclinical specimensspecimens



PatientsPatients’ ’ classificationclassification for for molecularmolecular testingtesting

SerologicalSerological screeningscreening::

AAntinti--CMV CMV IgGIgG and and IgMIgM teststests
((DiasorinDiasorin//BiomedicaBiomedica, Italy), Italy) basedbased on on 
ChemiluminescenceChemiluminescence Immunoassay (CLIA) Immunoassay (CLIA) 
betweenbetween 2009 and 2011 2009 and 2011 yearsyears

Tests based on an Enzyme-Linked Fluorescence 
Assay (ELFA) between 2012 and 2013

ClinicalClinical symptomssymptoms observedobserved inin pregnantpregnant
womenwomen and and theirtheir fetusesfetuses::

FluFlu--likelike symptomssymptoms inin mothersmothers

UUltrasoundltrasound markersmarkers inin fetusesfetuses::

ventriculomegalyventriculomegaly,, hydrocephalyhydrocephaly andand fetalfetal
hydropshydrops as as wellwell as as intrauterine growthintrauterine growth
restrictionrestriction, , ascitesascites, , pericardialpericardial effusioneffusion, , 
cardiomegalycardiomegaly and and the presence of the presence of 

DeterminationDetermination ofof IgGIgG avidityavidity

cardiomegalycardiomegaly and and the presence of the presence of 
hyperechogenichyperechogenic foci in different organs likefoci in different organs like
the fetal brain, liver and pancreasthe fetal brain, liver and pancreas

PreparationPreparation of  DNA to of  DNA to furtherfurther molecularmolecular studiesstudies::

NucleicNucleic acidacid extractionextraction withwith QIAampQIAamp DNA DNA Mini Kit (Mini Kit (QiagenQiagen, Hilden, Germany), Hilden, Germany)
and and storagestorage atat --2020ooCC



HCMV DNA HCMV DNA detectiondetection and and quantificationquantification

RRealeal--time Q PCR assay for time Q PCR assay for UL55UL55 gene fragment of length 150 bpsgene fragment of length 150 bps withwith fforwardorward and and 

reverse primers and reverse primers and TaqManTaqMan probe probe of of thethe followingfollowing sequences:sequences:

5’5’--GAGGACAACGAAATCCTGTTGGGCAGAGGACAACGAAATCCTGTTGGGCA--3’, 5’3’, 5’--TCGACGGTGGAGATACTGCTGAGGTCGACGGTGGAGATACTGCTGAGG--3’, 3’, 

andand 5’5’--66--FAMFAM--CAATCATGCGTTTGAAGAGGTAGTCCACAATCATGCGTTTGAAGAGGTAGTCCA--TAMRATAMRA--3’3’

AAbsolutebsolute quantification analysisquantification analysis usingusing standard curves standard curves for for serial 10serial 10--fold fold HCMV DNA HCMV DNA 

dilutions from 10dilutions from 1055 to 1 to 1 viralviral copycopydilutions from 10dilutions from 1055 to 1 to 1 viralviral copycopy



GenotypingGenotyping of HCMV of HCMV strainsstrains

RRealeal--timetime PCRPCR assayassay toto amplifamplifyy DNADNA fragmentsfragments ofof lengthslengths betweenbetween 7272 andand 7979 bpbp,,

dependentdependent onon HCMVHCMV ULUL5555 genotypegenotype

SingleSingle reactionsreactions performedperformed inin twotwo separateseparate tubestubes forfor gBgB11 andand gBgB33 asas wellwell asas gBgB22 andand

gBgB44 genotypesgenotypes

SSerialerial dilutionsdilutions ofof HCMVHCMV referencereference strainsstrains TowneTowne (gB(gB11;; ATCCATCC:: VRVR--977977)) andand ADAD--169169

(gB(gB22;; ATCCATCC:: VRVR--538538)) usedused inin calibrationcalibration curvescurves



ResultsResults: HCMV : HCMV loadload and and 

UL55UL55 genotypegenotype inin pregnantpregnant womenwomen
PatientPatient No.No. Clinical specimenClinical specimen HCMV loadHCMV load(*)(*) UL55UL55 genotypegenotype

1.1. PBMCPBMC 1.23 x 101.23 x 1022 gB3gB3

2.2. plasmaplasma 1.31 x 101.31 x 1033

gB2gB2
PBMCPBMC 5151

3.3. PBMCPBMC 4646 gB2gB2

4.4. urineurine 1.5 x 101.5 x 1033 gB2gB2

5.5. plasmaplasma 5.59 x 105.59 x 1022 gB1gB1--gB2gB2

6.6. PBMCPBMC 5.82 x 105.82 x 1022

gB1gB1--gB2gB2
urineurine 8.17 x 108.17 x 1033

7.7. wholewhole bloodblood 1.08 x 101.08 x 1033 gB1gB1

urineurine 4.28 x 104.28 x 1022 gB1gB1--gB2gB2

8.8. plasmaplasma 1.81 x 101.81 x 1022

gB2gB2
urineurine 1.32 x 101.32 x 1033

plasmaplasma33 1.98 x 101.98 x 1022

gB2gB2--gB3gB3whole bloodwhole blood33 1.66 x 101.66 x 1022 gB2gB2--gB3gB3whole bloodwhole blood 1.66 x 101.66 x 10

urineurine33 7.16 x 107.16 x 1033

9.9. plasmaplasma 1.36 x 101.36 x 1022

gB2gB2whole bloodwhole blood 9.67 x 109.67 x 1022

urineurine 8.74 x 108.74 x 1022

10.10. whole bloodwhole blood 4.88 x 104.88 x 1022

gB2gB2
urineurine 1.14 x 101.14 x 1033

11.11. whole bloodwhole blood 6.90 x 106.90 x 1022

gB2gB2
urineurine 2.35 x 102.35 x 1022

12.12. whole bloodwhole blood 2.78 x 102.78 x 1022

gB2gB2
urineurine 2.41 x 102.41 x 1044

13.13. whole bloodwhole blood 1.14 x 101.14 x 1033

gB2gB2
urineurine 8.05 x 108.05 x 1033

14.14. PBMCPBMC 2828

gB2gB2whole bloodwhole blood 1.28 x 101.28 x 1022

urineurine 1.49 x 101.49 x 1022

15.15. whole bloodwhole blood 1.30 x 101.30 x 1022

gB2gB2
urineurine 4.10 x 104.10 x 1022

16.16. whole bloodwhole blood 1.59 x 101.59 x 1022

gB2gB2
urineurine 2.48 x 102.48 x 1022

17.17. urineurine 1.51 x 101.51 x 1022 gB4gB4

18.18. urineurine 5.35 x 105.35 x 1022 gB4gB4
(*)(*) -- HCMVHCMV loadload perper 11 mLmL ofof studystudy fluidfluid (blood,(blood, plasma,plasma, urine)urine) oror 55 xx 101055 cellscells

(PBMC)(PBMC)



HCMV HCMV loadload, , UL55UL55 genotypegenotype and and cytomegalycytomegaly

outcomeoutcome inin fetusesfetuses and and newbornsnewborns

Patient

No.
Clinical specimen HCMV load(*) UL55 genotype Outcome

1.** amniotic fluid cells 4.32 x 106

gB2
Symptomaticplasma 6.15 x 103

urine 9.33 x 105 gB1-gB2

2.** amniotic fluid cells 8.2 x 104/1 x 105 cells
gB2-gB3

Symptomatic 

(death)

ascitic fluid 1.54 x 102

brain 52.6***
gB3

kidney 42.4***

3. amniotic fluid cells 1.86 x 105/1.4 x 105 cells gB1-gB2 Asymptomatic

4. whole blood 4.49 x 102

gB1-gB2 Asymptomatic
plasma 2.11 x 103

5. whole blood 6.61 x 103 gB1-gB2 Asymptomatic

6. whole blood 1.55 x 102 gB1-gB2 Asymptomatic

7. amniotic fluid cells 2.98 x 104/5 x 104 cells

gB2
Symptomatic 

(death)

ascitic fluid 6.66 x 103

brain 1.40 x 103***

kidney 3.31 x 102***

liver 3.18 x 103***

8.
amniotic fluid and whole 

blood of child
1.34 x 103 gB2 Symptomatic

9. amniotic fluid 2.19 x 102 gB2 Symptomatic

10. amniotic fluid 6.36 x 102 gB2 Asymptomatic

11. amniotic fluid 1.47 x 103 gB2 Asymptomatic

12. brain 7.82 x 103***

gB1
Symptomatic 

(death)
kidney 4.11 x 103***

liver 7.01 x 103***
(*) - HCMV load per 1 mL of study fluid;

** - HCMV loads identified in fetal and neonatal body fluids that were included in our previous

study [4]

*** - HCMV load per one cut section of paraffin-embedded tissue



MaternalMaternal vsvs. . fetalfetal and and neonatalneonatal infectionsinfections

withwith HCMVHCMV

StudyStudy groupgroup
Total No. Total No. 

testedtested**

HCMV HCMV UL55UL55 genotype (No. tested (%)**)genotype (No. tested (%)**)

SingleSingle All All single single 

infectionsinfections

MultipleMultiple All All multiple multiple 

infectionsinfectionsgB1gB1 gB2gB2 gB3gB3 gB4gB4 gB1gB1--gB2gB2 gB2gB2--gB3gB3

Pregnant womenPregnant women 1818 0 (0)0 (0) 11 (61.1)11 (61.1) 1 (5.55)1 (5.55) 2 2 (11.1)(11.1) 14 (77.8)14 (77.8) 3 (16.7)3 (16.7) 1 (5.55)1 (5.55) 4 (22.2)4 (22.2)

FetusesFetuses 99 1 (11.1)1 (11.1) 6 (66.7)6 (66.7) 0 (0)0 (0) 0 (0)0 (0) 7 (77.8)7 (77.8) 1 (11.1)1 (11.1) 1 (11.1)1 (11.1) 2 (22.2)2 (22.2)FetusesFetuses 99 1 (11.1)1 (11.1) 6 (66.7)6 (66.7) 0 (0)0 (0) 0 (0)0 (0) 7 (77.8)7 (77.8) 1 (11.1)1 (11.1) 1 (11.1)1 (11.1) 2 (22.2)2 (22.2)

NewbornsNewborns 55 0 (0)0 (0) 1 (20)1 (20) 0 (0)0 (0) 0 (0)0 (0) 1 (20)1 (20) 4 (80)4 (80) 0 (0)0 (0) 4 (80)4 (80)

Congenital infectionsCongenital infections 1212 1 (8.3)1 (8.3) 5 (41.7)5 (41.7) 0 (0)0 (0) 0 (0)0 (0) 6 (50)6 (50) 5 (41.7)5 (41.7) 1 (8.3)1 (8.3) 6 (50)6 (50)

Symptomatic fetuses Symptomatic fetuses 

and newbornsand newborns
66 1 (16.66)1 (16.66) 3 (50)3 (50) 0 (0)0 (0) 0 (0)0 (0) 4 (66.7)4 (66.7) 1 (16.66)1 (16.66) 1 (16.66)1 (16.66) 2 (33.3)2 (33.3)

AsymptomaticAsymptomatic fetusesfetuses

and and newbornsnewborns
66 0 (0 (00)) 2 (33.3)2 (33.3) 0 (0 (00)) 0 (0 (00)) 2 (33.3)2 (33.3) 4 (66.7)4 (66.7) 0 (0 (00)) 4 (66.7)4 (66.7)

* No. tested * No. tested –– number of tested patients; ** % number of tested patients; ** % -- part of all the patients included in each study group.part of all the patients included in each study group.



MaternalMaternal vsvs. . fetalfetal and and neonatalneonatal infectionsinfections

withwith HCMVHCMV

Fetal and Fetal and neonaneonatal tal 

genotypegenotype

SignificantSignificant correlationcorrelation betweenbetween ggenotypesenotypes of HCMVof HCMV identified in the pregnant identified in the pregnant 

womenwomen and and theirtheir congenitallycongenitally infectedinfected offspringsoffsprings

genotypegenotype

Maternal  genotypeMaternal  genotype gB2gB2 gB1gB1--gB2gB2 TotalTotal

gB2gB2 44 00 44

gB1gB1--gB2gB2 00 44 44

gB2gB2--gB3gB3 11 00 11

TotalTotal 55 44 99

χχ22 = 9; = 9; P P ≤ 0.050≤ 0.050



ConclusionsConclusions

�� InfectionsInfections withwith singlesingle andand multiplemultiple HCMVHCMV

strainsstrains occuroccur inin pregnantpregnant women,women, asas wellwell

asas inin theirtheir fetusesfetuses andand neonates,neonates, bothboth

withwith thethe asymptomaticasymptomatic andand symptomaticsymptomaticwithwith thethe asymptomaticasymptomatic andand symptomaticsymptomatic

infectionsinfections..

�� HHCMVCMV infections,infections, identifiedidentified inin mothers,mothers,

seemseem toto bebe associatedassociated withwith thethe viralviral

genotypesgenotypes inin theirtheir childrenchildren..



ThankThank YouYou for for YourYour attentionattention!!


