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T. gondiiT. gondii and HCMV and HCMV infectionsinfections withinwithin pregnancypregnancy

CCommonommon cause of intrauterine infectionscause of intrauterine infections

T. gondii T. gondii seroprevalenceseroprevalence betweenbetween 4% and 100% 4% and 100% withwith values over 60% in Central and values over 60% in Central and 

South America,South America, AfricaAfrica and Asiaand Asia

HCMV HCMV prevalenceprevalence betweenbetween 40% and 100% dependent on 40% and 100% dependent on thethe continentscontinents and and countriescountries
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Role of Role of TLRsTLRs inin immuneimmune responseresponse

Transduction of signals from PAMPs to the

cell interior, activation of these cells and the

first line of host defense against pathogens
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Important molecules activating and

inducing both innate and adaptive

immune response
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ContributionContribution of TLR2, TLR4 and TLR9 of TLR2, TLR4 and TLR9 

inin thethe immunityimmunity againstagainst T. gondiiT. gondii

Wujcicka W et al. (2013) Eur J Clin Microbiol Infect Dis. 32(4): 503-511



TLRsTLRs activityactivity inin thethe immuneimmune responseresponse

againstagainst HCMV HCMV 

Wujcicka W et al. (2014) Pathog Dis. Dis. 70(1):370(1):3--1616



AimsAims of of studystudy::

�� DDetermineterminationation ofof aa distributiondistribution ofof genotypesgenotypes atat TLRTLR44 andand TLRTLR99 polymorphicpolymorphic

sitessites inin fetusesfetuses andand newbornsnewborns congenitallycongenitally infectedinfected withwith TT.. gondiigondii

�� ComparisonComparison ofof thethe genotypicgenotypic profilesprofiles atat TLRTLR SNPsSNPs betweenbetween thethe offspringsoffsprings

withwith congenitalcongenital toxoplasmosistoxoplasmosis andand cytomegalycytomegalywithwith congenitalcongenital toxoplasmosistoxoplasmosis andand cytomegalycytomegaly



Materials and Materials and MethodsMethods: : CollectionCollection of of clinicalclinical

specimensspecimens fromfrom fetusesfetuses and and newbornsnewborns

EighteenEighteen ((1818)) fetusesfetuses andand newbornsnewborns withwith congenitalcongenital

toxoplasmosistoxoplasmosis andand 4141 controlcontrol casescases withoutwithout TT.. gondiigondii

intrauterineintrauterine infectioninfection

SamplesSamples collectedcollected retrospectivelyretrospectively ((1515 TT.. gondiigondii infectedinfected
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SamplesSamples collectedcollected retrospectivelyretrospectively ((1515 TT.. gondiigondii infectedinfected

casescases andand 2323 controls)controls) andand prospectivelyprospectively (three(three TT.. gondiigondii

infectedinfected casescases andand 1818 controls)controls)

FifteenFifteen ((1515)) fetusesfetuses andand newbornsnewborns withwith HCMVHCMV infectioninfection

andand 1818 controlcontrol casescases ofof HCMVHCMV--seronegativeseronegative statusstatus
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ClassificationClassification of of clinicalclinical specimensspecimens for for 

molecularmolecular studiesstudies

SerologicalSerological screeningscreening::

ScreeningScreening for for T. gondiiT. gondii IgGIgG and and IgMIgM
antibodiesantibodies as as wellwell as as IgGIgG avidityavidity performedperformed
withwith an an enzymeenzyme--linkedlinked fluorescentfluorescent assayassay
(ELFA) ((ELFA) (VidasVidas ToxoToxo IgGIgG II; II; IgMIgM; ; oror IgGIgG AvidityAvidity, , 
bioMérieuxbioMérieux, France), France)

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

FluFlu--likelike symptomssymptoms inin mothersmothers

UUltrasoundltrasound markers in fetusesmarkers in fetuses withwith
toxoplasmosistoxoplasmosis::

hydrocephalus, hydrocephalus, chorioretinitischorioretinitis, cerebral, cerebralbioMérieuxbioMérieux, France), France)

HCMV HCMV screeningscreening withwith EtiEti--CytokCytok GG--Plus and Plus and 
EtiEti--CytokCytok MM--Reverse Plus tests Reverse Plus tests 
((DiasorinDiasorin//BiomedicaBiomedica, Italy) , Italy) usedused between between 
2000 and 2001, VIDAS CMV 2000 and 2001, VIDAS CMV IgGIgG and and IgMIgM tests tests 
((bioMérieuxbioMérieux, France) between 2001 and 2006, , France) between 2001 and 2006, 
antianti--CMV CMV IgGIgG and and IgMIgM tests tests 
((DiasorinDiasorin//BiomedicaBiomedica, Italy) between 2006 and , Italy) between 2006 and 
2011 years and ELFA assays from 2012 year2011 years and ELFA assays from 2012 year

hydrocephalus, hydrocephalus, chorioretinitischorioretinitis, cerebral, cerebral
calcification and strokecalcification and stroke, as , as wellwell as as 
microcephalymicrocephaly, , hepatosplenomegalyhepatosplenomegaly, , fetalfetal
hydropshydrops and IUGR and IUGR 

UUltrasoundltrasound markers in fetusesmarkers in fetuses withwith
cytomegalycytomegaly: : 

ventriculomegalyventriculomegaly,, hydrocephalushydrocephalus andand fetalfetal
hydropshydrops as as wellwell as IUGR, as IUGR, ascitesascites, , pericardialpericardial
effusioneffusion, , 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



DetectionDetection and and quantificationquantification of of T. gondiiT. gondii and and 

HCMV DNAHCMV DNA

Locus

Gene
Sequences of primers and probe (5' →3’) GenBank

Annealing

temperature (oC)

PCR product

(bp)

AF 179871

B1

CAAGCAGCGTATTGTCGAGTAGAT

GCGTCTCTTTCATTCCCACATTTT

6-FAM- CAGAAAGGAACTGCATCCGTT-NFQ

AF 179871 60 83

AmplificationAmplification of HCMV of HCMV UL55UL55 genegene fragmentsfragments of 150 bp of 150 bp usingusing primersprimers and and probesprobes of of 

thethe followingfollowing sequencessequences: : 5’5’--GAGGACAACGAAATCCTGTTGGGCAGAGGACAACGAAATCCTGTTGGGCA--3’, 3’, 

5’5’--TCGACGGTGGAGATACTGCTGAGGTCGACGGTGGAGATACTGCTGAGG--3’, and3’, and

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



GenotypingGenotyping of of SNPsSNPs locatedlocated atat TLR4TLR4 and and TLR9TLR9

genesgenes

GeneGene SNP SNP namename PrimerPrimer sequencessequences (5'(5'--3')3')

AnnealingAnnealing

temperaturetemperature

[[ooCC]]

AmpliconAmplicon

lengthlength

((bpsbps))

Restriction Restriction 

enzymeenzyme
Profile (bps)Profile (bps)

TLR4TLR4 896 A>G896 A>G ExternalExternal For: AAAACTTGTATTCAAGGTCTGGCFor: AAAACTTGTATTCAAGGTCTGGC
5252 355355

NcoINcoI AA: 188AA: 188

AG: 188, 168, 20AG: 188, 168, 20

GG: 168, 20GG: 168, 20

(rs4986790)(rs4986790) Rev: TGTTGGAAGTGAAAGTAAGCCTRev: TGTTGGAAGTGAAAGTAAGCCT

InternalInternal For: AGCATACTTAGACTACTACCTCCATGFor: AGCATACTTAGACTACTACCTCCATG
6161 188188

Rev: AGAAGATTTGAGTTTCAATGTGGGRev: AGAAGATTTGAGTTTCAATGTGGG

1196 C>T1196 C>T ExternalExternal For: AGTTGATCTACCAAGCCTTGAGTFor: AGTTGATCTACCAAGCCTTGAGT

SequencingSequencing of of randomlyrandomly selectedselected PCR products for PCR products for distinctdistinct genotypesgenotypes atat

TLR4TLR4 896 896 A>GA>G, , TLR4TLR4 1196 1196 C>TC>T and and TLR9TLR9 1635 1635 G>AG>A SNPsSNPs

1196 C>T1196 C>T ExternalExternal For: AGTTGATCTACCAAGCCTTGAGTFor: AGTTGATCTACCAAGCCTTGAGT
5252 510510

HinfIHinfI CC: 407CC: 407

CT: 407, 378, 29CT: 407, 378, 29

TT: 378, 29TT: 378, 29

(rs4986791)(rs4986791) Rev: GGAAACGTATCCAATGAAAAGARev: GGAAACGTATCCAATGAAAAGA

InternalInternal For: GGTTGCTGTTCTCAAAGTGATTTTGGGAGAAFor: GGTTGCTGTTCTCAAAGTGATTTTGGGAGAA
5959 407407

Rev: ACCTGAAGACTGGAGAGTGAGTTAAATGCTRev: ACCTGAAGACTGGAGAGTGAGTTAAATGCT

TLR9TLR9 1635 G>A1635 G>A ExternalExternal For: GTCAATGGCTCCCAGTTCCFor: GTCAATGGCTCCCAGTTCC
5252 292292

BstUIBstUI GG: 135, 42GG: 135, 42

GA: 177, 135, 42GA: 177, 135, 42

AA: 177AA: 177

(rs352140)(rs352140) Rev: CATTGCCGCTGAAGTCCARev: CATTGCCGCTGAAGTCCA

InternalInternal For: AAGCTGGACCTCTACCACGAFor: AAGCTGGACCTCTACCACGA
5959 177177

RevRev: TTGGCTGTGGATGTTGTT: TTGGCTGTGGATGTTGTT



ResultsResults: Products of multiplex : Products of multiplex nestednested PCRPCR--RFLPRFLP

analysisanalysis of of TLR4TLR4 and and TLR9TLR9 SNPsSNPs

AgaroseAgarose gel electrophoresis of PCRgel electrophoresis of PCR--RFLP products for profiling of genotypes at RFLP products for profiling of genotypes at 

TLR4TLR4 896 A>G SNP (896 A>G SNP (AA), ), TLR4TLR4 1196 C>T SNP (1196 C>T SNP (BB) and ) and TLR9TLR9 1635 G>A SNP (1635 G>A SNP (CC))



SequencingSequencing of of thethe selectedselected ampliconsamplicons for for TLR4TLR4

and and TLR9TLR9 SNPsSNPs

ChromatogramsChromatograms for DNA for DNA fragmentsfragments encompassingencompassing TLR4TLR4 896 A>G SNP (896 A>G SNP (A, BA, B), ), TLR4TLR4 1196 1196 

C>T SNP (C>T SNP (C, DC, D) and ) and TLR9TLR9 1635 G>A SNP (1635 G>A SNP (EE--GG))



RelationshipRelationship betweenbetween TLRTLR polymorphismspolymorphisms and and 

congenitalcongenital toxoplasmosistoxoplasmosis

GeneGene polymorphismpolymorphism GeneticGenetic modelmodel GenotypeGenotype

GenotypeGenotype frequenciesfrequencies; n (%); n (%)aa

ORORbb (95% CI)(95% CI)cc PP--valuevaluedd

InfectedInfected casescases
SeronegativeSeronegative

controlscontrols

TLR4TLR4 896 A>G896 A>G

------

AAAA 17 (94.4%)17 (94.4%) 19 (95%)19 (95%) 1.001.00

0.940.94AGAG 1 (5.6%)1 (5.6%) 1 (5%)1 (5%) 1.12 (0.061.12 (0.06--19.28)19.28)

TLR4TLR4 1196 C>T1196 C>T

------

CCCC 17 (94.4%)17 (94.4%) 18 (90%)18 (90%) 1.001.00

0.610.61CTCT 1 (5.6%)1 (5.6%) 2 (10%)2 (10%) 0.53 (0.040.53 (0.04--6.39)6.39)------ 0.610.61CTCT 1 (5.6%)1 (5.6%) 2 (10%)2 (10%) 0.53 (0.040.53 (0.04--6.39)6.39)

TLR9TLR9 1635 1635 G>AG>A

CodominantCodominant

AAAA 3 (16.7%)3 (16.7%) 8 (40%)8 (40%) 1.001.00

0.2300.230

GAGA 11 (61.1%)11 (61.1%) 10 (50%)10 (50%) 2.93 (0.602.93 (0.60--14.23)14.23)

GGGG 4 (22.2%)4 (22.2%) 2 (10%)2 (10%) 5.33 (0.625.33 (0.62--45.99)45.99)

DominantDominant

AAAA 3 (16.7%)3 (16.7%) 8 (40%)8 (40%) 1.001.00

0.1100.110GAGA--GGGG 15 (83.3%)15 (83.3%) 12 (60%)12 (60%) 3.33 (0.723.33 (0.72--15.37)15.37)

RecessiveRecessive

AAAA--GAGA 14 (77.8%)14 (77.8%) 18 (90%)18 (90%) 1.001.00

0.3000.300GGGG 4 (22.2%)4 (22.2%) 2 (10%)2 (10%) 2.57 (0.412.57 (0.41--16.12)16.12)

OverdominantOverdominant

AAAA--GGGG 7 (38.9%)7 (38.9%) 10 (50%)10 (50%) 1.001.00

0.4900.490GAGA 11 (61.1%)11 (61.1%) 10 (50%)10 (50%) 1.57 (0.431.57 (0.43--5.71)5.71)

LogLog--additiveadditive ------ ------ ------ 2.40 (0.832.40 (0.83--6.95)6.95) 0.0900.090

aa n, number of tested fetuses and newborns; n, number of tested fetuses and newborns; bb OR, odds ratio; OR, odds ratio; cc 95% CI, confidence interval; 95% CI, confidence interval; dd logistic regression logistic regression 
model;model; PP≤0.050 is considered as significant≤0.050 is considered as significant



FrequenciesFrequencies of of allelesalleles atat TLR4TLR4 and and TLR9TLR9 SNPsSNPs

GeneGene polymorphismpolymorphism

No.No.aa of carriers with of carriers with TLRTLR alleles (%)alleles (%)

PP--valuevaluebb
Congenital Congenital 

toxoplasmosistoxoplasmosis

Seronegative Seronegative 

controlcontrol

TLR4TLR4 896 A>G896 A>G

AllelesAlleles AA 35 (97.2)35 (97.2) 39 (97.5)39 (97.5)
0.9400.940

GG 1 (2.8)1 (2.8) 1 (2.5)1 (2.5)

TLR4TLR4 1196 C>T1196 C>T

AllelesAlleles CC 35 (97.2)35 (97.2) 38 (95.0)38 (95.0)AllelesAlleles CC 35 (97.2)35 (97.2) 38 (95.0)38 (95.0)
0.6190.619

TT 1 (2.8)1 (2.8) 2 (5.0)2 (5.0)

TLR9TLR9 1635 1635 G>AG>A

AllelesAlleles GG 19 (52.8%)19 (52.8%) 14 (35.0%)14 (35.0%)
0.1180.118

AA 17 (47.2%)17 (47.2%) 26 (65.0%)26 (65.0%)

aa NoNo..,, numbernumber;; bb Pearson'sPearson's ChiChi--squaredsquared testtest;; PP ≤≤ 00..050050 isis consideredconsidered asas significantsignificant



GenotypicGenotypic profilesprofiles atat TLR4TLR4 and and TLR9TLR9 SNPsSNPs inin

congenitalcongenital toxoplasmosistoxoplasmosis and and cytomegalycytomegaly

SignificantlySignificantly lessless frequentfrequent GCGC haplotypehaplotype atat TLRTLR44 SNPsSNPs inin congenitalcongenital
toxoplasmosistoxoplasmosis thanthan inin cytomegalycytomegaly ((PP≤≤00..00010001))

GCGC haplotypehaplotype atat TLRTLR44 SNPsSNPs andand multiplemultiple GCGGCG genotypesgenotypes atat TLRTLR44 andandGCGC haplotypehaplotype atat TLRTLR44 SNPsSNPs andand multiplemultiple GCGGCG genotypesgenotypes atat TLRTLR44 andand
TLRTLR99 SNPsSNPs significantlysignificantly moremore frequentfrequent inin congenitallycongenitally infectedinfected thanthan
controlcontrol casescases ((PP≤≤00..00010001))



ConclusionsConclusions

Genetic modifications within Genetic modifications within TLR4TLR4 and and TLR9TLR9 genes might genes might 

contribute to congenital toxoplasmosis and contribute to congenital toxoplasmosis and cytomegalycytomegaly
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