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Πρόλογος - Εσταριζηίες 

Οη ζπγγελείο ινηκώμεηο απνηεινύλ θίλδπλν γηα θάζε αλαπηπζζόκελν έκβξπν θαη ν πξνγελλεηηθόο 

έιεγρνο ησλ εγθύσλ απνηειεί αθξνγσληαίν ιίζν ζηελ πξόιεςή ηνπο. Δπηδεκηνινγηθά ζηνηρεία 

αλαθνξηθά κε ηελ επίπησζε ησλ δηαθόξσλ ινηκώμεσλ πνπ κπνξεί λα πξνζβάινπλ ην έκβξπν 

ππάξρνπλ ζε πεξηνξηζκέλν βαζκό ζηελ Διιάδα. Σν θελό απηό είλαη πνπ ζα πξνζπαζήζεη λα θαιύςεη 

κεξηθώο έζησ ε πηπρηαθή απηή εξγαζία, κειεηώληαο ηελ νξνεπίπησζε ησλ δηαθόξσλ ινηκώμεσλ ζηηο  

εγθύνπο ηεο Κξήηεο θαηά ηε δηάξθεηα ελόο έηνπο.  

 

Θα ήζεια λα εθθξάζσ ηηο ηδηαίηεξεο επραξηζηίεο κνπ ζηνλ Καζεγεηή Παηδηαηξηθήο-Λνηκσμηνινγίαο 

ηνπ Παλεπηζηεκίνπ Κξήηεο Δκκ. Γαιαλάθε, γηα ηελ επθαηξία πνπ κνπ έδσζε λα ζπκκεηάζρσ ζε απηό 

ην κεηαπηπρηαθό πξόγξακκα ζπνπδώλ, γηα ηε ζπλερή θαζνδήγεζή ηνπ θαη ηελ εκπηζηνζύλε πνπ κνπ 

έδεημε. Παξνκνίσο, ζα ήζεια λα επραξηζηήζσ θαη ηελ Δπηθ.Καζεγήηξηα ηεο Παηδηαηξηθήο ηνπ 

Παλεπηζηεκίνπ Κξήηεο Υξ. Πεξδηθνγηάλλε, γηα ηελ πνιύηηκε βνήζεηά ηεο θαηά ηε δηάξθεηα ηεο 

θνίηεζήο κνπ. 

Δπραξηζηίεο ζα ήζεια λα εθθξάζσ θαη ζηα ππόινηπα κέιε ηεο ηξηκεινύο επηηξνπήο, θαη ζπγθεθξηκέλα 

ζηελ Καζεγήηξηα Παηδηαηξηθήο-Λνηκσμηνινγίαο ηνπ ΔΚΠΑ, Β.Παπαεπαγγέινπ θαη ηνλ Καζεγεηή 

Γπλαηθνινγίαο-Μαηεπηηθήο ηνπ Παλεπηζηεκίνπ Κξήηεο, Α.Μαθξπγηαλλάθε, γηα ηε βνήζεηά ηνπο ζηελ 

πιεξέζηεξε παξνπζίαζε ηεο κεηαπηπρηαθήο κνπ εξγαζίαο.  

Σέινο, δε ζα κπνξνύζα λα ιεζκνλήζσ λα επραξηζηήζσ ηνλ άληξα κνπ θαη ηα ηξία παηδηά κνπ γηα ηελ 

θαηαλόεζε πνπ έδεημαλ θαηά ηε δηάξθεηα ηεο θνίηεζήο κνπ θαη ηελ πνιύηηκε ςπρνινγηθή βνήζεηα πνπ 

κνπ πξνζέθεξαλ.  
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Σίηινο εξγαζίαο: Οξνινγηθόο Έιεγρνο γηα πγγελείο Λνηκώμεηο ζε Δγθύνπο 

ζηελ Κξήηε   

Σνπ/ηεο: Αλαγλσζηάηνπ Νηθνιίλα-Υίιληα  

Δπηβιέπνληεο: Δ. Γαιαλάθεο, Α.Μαθξπγηαλλάθεο, Β.Παπαεπαγγέινπ 

Ηκεξνκελία: Φεβξνπάξηνο 2018 

 

Ειζαγφγή: Δίλαη γλσζηό όηη ε θάζεηε κεηάδνζε πεξηγελλεηηθώλινηκώμεσλ θαηά ηε 

δηάξθεηα ηεο εγθπκνζύλεο κπνξεί λα έρεη δπζκελείο ζπλέπεηεο ζην αλαπηπζζόκελν 

έκβξπν. Ο εζηηαζκέλνο νξνινγηθόο έιεγρνο θαη ε θαηάιιειε ζεξαπεία ηεο εγθύνπ ή 

ηνπ λενγλνύ όπνπ απηό ρξεηάδεηαη, θαηέρνπλ εμέρνπζα ζέζε ζηελ πξνζπάζεηα 

εμάιεηςεο ησλ ζπγγελώλ απηώλ ινηκώμεσλ. Δπηπξόζζεηα, ε γλώζε ηεο αθξηβνύο 

νξνεπίπησζεο θάζε ζπγθεθξηκέλνπ ινηκνγόλνπ παξάγνληα, κε εηδηθό ελδηαθέξνλ γηα 

νκάδεο πςεινύ θηλδύλνπ, όπσο νη κεηαλάζηεο, είλαη ηδηαηηέξσο ζεκαληηθή θαη 

απαξαίηεηε γηα ηνλ πξνγξακκαηηζκό ηεο δεκόζηαο πγείαο.   

Μέθοδοι: Γηα ην δηάζηεκα από ηνλ Ιαλνπάξην ηνπ 2017 κέρξη θαη ην Γεθέκβξην ηνπ 

2017 κειεηήζεθαλ νη θάθεινη ησλ εγθύσλ πνπ γέλλεζαλ ζηα ηξία κεγάια δεκόζηα 

λνζνθνκεία ηεο Κξήηεο (Παλεπηζηεκηαθό Ννζνθνκείν Ηξαθιείνπ, Βεληδέιεην Γεληθό 

Ννζνθνκείν Ηξαθιείνπ, Γεληθό Ννζνθνκείν Υαλίσλ «Αγ.Γεώξγηνο»). 

Καηαγξάθεθαλ δεκνγξαθηθά ζηνηρεία, όπσο ε ειηθία, ε θαηαγσγή θαη ν ηόπνο 

δηακνλήο, θαζώο θαη αλαιπηηθά ηα απνηειέζκαηα ηνπ νξνινγηθνύ ειέγρνπ ζρεηηθά κε 

ηηο ζπγγελείο ινηκώμεηο. Τπνινγίζζεθε ε νξνεπίπησζε γηα ηελ επαηίηηδα Β, ηελ 

επαηίηηδα C, ηνλ HIV, ηε ζύθηιε, ηε ινίκσμε από Toxoplasmagondii θαη από ηνλ 

CMV, θαζώο θαη γηα ηελ εξπζξά. Σα απνηειέζκαηα ζπγθξίζεθαλ ζηε ζπλέρεηα 

αλάινγα κε ηελ θαηαγσγή θαη κε ηελ ειηθηαθή θαηαλνκή ησλ εγθύσλ. 

Αποηελέζμαηα: Μειεηήζεθαλ 1912 ηαηξηθνί θάθεινη εγθύσλ, νη νπνίνη δηέζεηαλ 

πξνγελλεηηθό νξνινγηθό έιεγρν. Η κέζε ειηθία ησλ εγθύσλ ήηαλ 30,3 (± 6) έηε. Η 

θαηαγσγή ηνπο ήηαλ από ηελ Διιάδα (77,2%), ηελ Αιβαλία (22,7%), ηε Βνπιγαξία 

(3,3%), ηε Ρνπκαλία (1,7%), ηελ Άπσ Αλαηνιή (0,4%), πξόζθπγεο από ηε πξία, ην 

Μαξόθν θαη ηελ Αίγππην (0,7%),  από ηελ πξώελ νβηεηηθή Έλσζε (1,9%), από ηνλ 



Εμβολιασμοί και Πρόληψη Λοιμώξεων σε Παιδιά και Εφήβους 

Σμήμα Ιατρικής – Πανεπιστήμιο Κρήτης 

 

2 

πιεζπζκό ησλ Ρνκά (2%), από ηελ Κεληξηθή/Γπηηθή Δπξώπε (0,7%) θαη 1,1%  από 

άγλσζηε ρώξα πξνέιεπζεο. Η κέζε νξνεπίπησζε ηνπ ζπλόινπ ηνπ πιεζπζκνύ ήηαλ  

1,5% γηα ηελ επαηίηηδα Β, 0,43% γηα ηελ επαηίηηδα C, 0% γηα ηνλ ηό HIV, 0,22% γηα 

ηε ζύθηιε, 21,7% γηα ην ηνμόπιαζκα, 69,1% γηα ηνλ CMV, θαη 84,2% γηα ηελ 

εξπζξά. Η νξνεπίπησζε ησλ Διιελίδσλ γηα ηελ επαηίηηδα Β ήηαλ 0,5%, ελώ νη 

Αιβαλίδεο, νη Βνπιγάξεο, νη Ρνπκάλεο θαη νη Ρνκά, εκθάληδαλζεκαληηθά πςειόηεξε 

επίπησζε, θαη ζπγθεθξηκέλα 4,3%, 5,7%, 2,8%, and 11,1% αληίζηνηρα (p<0.001). 

Παξόκνηα ήηαλ ηα απνηειέζκαηα θαη γηα ηελ επαηίηηδα C, κε ηελ νξνεπίπησζε ησλ 

Διιελίδσλ λα είλαη 0,1%, ησλ Βνπιγάξσλ 1,4%, ησλ Ρνκά 4,4% θαη ησλ γπλαηθώλ 

από ηελ πξώελ νβηεηηθή Έλσζε 5,3%.  ύθηιε θαηαγξάθεθε κόλν ζε 2 εγθύνπο 

ξνπκάληθεο θαηαγσγήο, ελώ θακία έγθπνο δε βξέζεθε ζεηηθή γηα ηνλ HIV. Η κέζε 

νξνεπίπησζε γηα ην ηνμόπιαζκα ήηαλ 21,7%, θαηαηάζζνληαο ηελ Διιάδα ζηηο ρώξεο 

ρακειήο ελδεκηθόηεηαο, ελώ ε νξνζεηηθόηεηα γηα ηνλ CMVππνινγίζηεθε ζην 69,1%. 

Η ζπρλόηεηα νξνκεηαηξνπήο γηα ην ηνμόπιαζκα ήηαλ 4% θαη γηα ηνλ CMV 3,4%. 

Αλνζία ζηελ εξπζξά δηαπηζηώζεθε ζην 84,2% ησλ εγθύσλ.  Η πιεηνλόηεηα ησλ 

γπλαηθώλ ήηαλ επαξθώο ειεγκέλεο γηα ηελ επαηίηηδα Β, ηελ επαηίηηδα C θαη ηνλ HIV, 

αιιά ν έιεγρνο γηα ζύθηιε ήηαλ ειιηπήο ζε >50% ησλ πεξηπηώζεσλ. Η ζπληξηπηηθή 

πιεηνςεθία ησλ εγθύσλ είρε ειεγρζεί επίζεο γηα ηνμόπιαζκα θαη CMV, ρσξίο λα 

δηαπηζησζεί θάπνην πεξηζηαηηθό ζπγγελνύο ινίκσμεο.  

Σσμπέραζμα: Η νξνεπίπησζε ηεο επαηίηηδα Β, ηεο επαηίηηδαο C θαη ηεο ζύθηιεο 

είλαη ζεκαληηθά ρακειόηεξε ζηηο Διιελίδεο ζε ζρέζε κε ηηο εγθύνπο κε θαηαγσγή 

από ηελ Αλαηνιηθή Δπξώπε ή ηελ Άπσ Αλαηνιή. Η νξνεπίπησζε ηνπ 

ηνμνπιάζκαηνο είλαη ρακειή ζηελ Κξήηε, γεγνλόο πνπ ζεκαίλεη όηη ε πιεηνλόηεηα 

ησλ εγθύσλ είλαη επάισηεο θαη δηαηξέρνπλ θίλδπλν πξσηνινίκσμεο θαηά ηελ 

εγθπκνζύλε, ελώ αληηζέησο  ε πεξηζζόηεξεο έρνπλ αλνζία έλαληη ηνπ CMV. Ο 

πξνγελλεηηθόο έιεγρνο ησλ εγθύσλ ζηελ Διιάδα βξίζθεηαη ζε πνιύ ηθαλνπνηεηηθό 

επίπεδν, εθάκηιιν ησλ πξνεγκέλσλ ρσξώλ, πξνζθέξνληαο νξνινγηθό έιεγρν ζηελ 

ζπληξηπηηθή πιεηνςεθία ησλ πεξηπηώζεσλ γηα ηελ επαηίηηδα Β, ηελ επαηίηηδα C θαη 

ηνλ HIV, αλ θαη παξαηεξείηαη θελό ζηνλ έιεγρν ηεο ζύθηιεο. Όζνλ αθνξά ην 

ηνμόπιαζκα θαη ηνλ CMV, αλ θαη ε ζπρλόηεηα νξνκεηαηξνπήο είλαη εμαηξεηηθά 

ρακειή θαη δελ ππήξμε θακία δηαπηζησκέλε ζπγγελή ινίκσμε,  ν έιεγρνο πνπ γίλεηαη 

από ηνπο καηεπηήξεο είλαη ζρεδόλ θαζνιηθόο, πξαθηηθή πνπ επηθέξεη κεγάιν 

νηθνλνκηθό θόζηνο.  
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Abstract 

 

 

Title: Seroprevalence of perinatal infections among pregnant women in Crete  

By:AnagnostatouNicolina-Hilda   

Supervisors: Emmanuel Galanakis, AntoniosMakrygiannakis, VanaPapaevangelou 

Date: February 2018 

 

 

 

Background: Vertical transmission of infections during pregnancy can have 

deleterious consequences for the developing fetus. Focused prenatal screening and 

appropriate treatment of the pregnant woman or the neonate is of paramount 

importance in the struggle for the elimination of congenital infections. Exact 

knowledge of the seroprevalence of the infectious agents, with special attention to 

specific high-risk groups, such as immigrants, is necessary for proper public health 

planning.  

Methods: Demographic and serologic data ofall pregnant women delivering from 

January 2017 to December 2017 in the three major public hospitals in Crete 

(University Hospital of Heraklion, Venizeleio General Hospital of Heraklion, and 

―Ag.Georgios‖ General Hospital of Chania) were collected. Seroprevalence was 

estimated for HBV, HCV, HIV, syphilis, Toxoplasma gondii, CMV, and rubella. 

Results were compared among ethnic groups and according to age stratification. 

Results: A total of 1912 medical records of pregnant women were studied based on 

their prenatal screening panel. The mean age of the participants was 30.38 (± 6) years. 

Their origin was Greek (77.2 %), Albanian (22.7%), Bulgarian (3.3%), Romanian 

(1.7%), East Asian  (0.4%), refugees from Syria, Maroco, Egypt (0.7%),  former 

Republics of Russia (1.9%), Roma population (2%), Central/Western Europe 

(0.7%)and 1.1% with unknown country of origin. The mean seroprevalence of the 

whole study population was 1.5% for HBV, 0.43% for HCV, 0% for HIV, 0.22% for 

syphilis, 21.7% for Toxoplasma, 69.1% for CMV, and 87.9% for rubella. The 

seroprevalence of Greek women for HBV was 0.5%, while Albanian women, 

Bulgarian, Romanian and Roma had a high seroprevalence of 4.3%, 5.7%, 2.8%, and 
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11.1% respectively (p<0.001). Similar results were found for HCV; seroprevalence in 

Greek women 0.1%, in Bulgarian 1.4%, Roma 4.4%, and former Soviet Union 5.3%. 

Syphilis was recorded only in 2 patients of Romanian origin. The mean 

seroprevalence for Toxoplasma was 21.7%, placing Greece in an intermediate 

endimicity category, while CMV seropositivty was estimated at 69.1%. The 

seroconversion rate for Toxoplasma was 4% and for CMV 3.4%. Rubella immunity 

was documented in 84.2% of pregnant women. Women were properly screened in the 

majority of cases against HBV, HCV, and HIV, but syphilis screening was omitted in 

>50% of cases. Screening for Toxoplasma and CMV was performed in the majority of 

cases, but no congenital infections were confirmed throughout the year. 

Conclusions: The seroprevalence of HBV, HCV and syphilis is much lower in Greek 

women than in foreign women of east European or east Asian origin. Toxoplasma 

gondii seroprevalence is low in Crete, putting women at a high risk for being infected 

during pregnancy, while CMV seropositivity is much higher, conferring a level of 

protection to the population.  Prenatal screening of pregnant women in Greece is 

performed at a good level, providing screening for HBV, HCV, and HIV to the 

majority of women, while syphilis screening needs to be optimized. CMV and 

toxoplasma are screened almost universally by obstetricians, placing a big economic 

burden on the health system, even though the seroconversion rates are low and no 

congenital infection was verified during the study period.  
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MTCT: mother-to-child-transmission, FMU: former Soviet Union, CRS: 

congenital rubella syndrome, HBV: hepatitis B virus, HCV: hepatitis C virus, 
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1. Introduction 

1.1 Perinatal infections 

Advances in perinatal medicine in the last decades have improved pregnancy 

outcomes and neonatal survival. Intrauterine or perinatal infections though, still pose a 

great threat to the developing fetus.  Infections such as cytomegalovirus (CMV), 

rubella and toxoplasmosis may be completely asymptomatic in healthy adults. When 

contracted by a pregnant woman though, and depending on gestational age, 

transplacental fetus infection can cause a wide range of problems, from intrauterine 

death to long-term sequelae. Ηepatitis B (HBV) and hepatitis C (HCV) virus, human 

immunodeficiency virus (HIV) and syphilis, can be vertically transmitted to the fetus, 

causing not only life-long infection to the newborn with its devastating consequences, 

but also perpetuation of the infectious disease reservoir. Knowledge of each pregnant 

woman’s serological status, allows for proper guidance, prompt treatment during 

pregnancy if indicated, as in the case of Treponemapallidum infection, or appropriate 

treatment of the neonate in the immediate postnatal period, such as with hepatitis B 

immunoprophylaxis. Interestingly, universally accepted guidelines for prenatal 

screening exist only for some of the perinatally acquired infectious diseases, i.e. 

Hepatitis B, HIV. For the rest, i.e. T.gondii or CMV, a great debate exists among 

specialists, as to the best suitable screening approach. Special care should be paid to 

groups, like immigrants and Roma, which traditionally escape prenatal testing.   
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1.2HBV infection  

HBV infection is characterized as ―a major public health problem in need of an urgent 

response‖ in WHO’s Global Hepatitis Report for 2017. In 2015 there were 257 

million people living with chronic HBV infection, and approximately half of these 

were caused by mother-to-child transmission (MTCT). Since up to 90% of infants 

infected perinatally will develop chronic HBV infection, thus perpetuating the 

reservoir of chronically infected individuals globally, one can easily conclude that 

prenatal diagnosis and appropriate management is of paramount importance for the 

prevention of vertical transmission [1-4}. Vertical transmission during childbirth, by 

the HBV-infected body fluids or maternal blood entering fetal circulation during 

uterine contractions, remains the main route of infection. Additionally, intrauterine 

infection occurs in 13-44% of cases, by placental barrier disruption or even genetic 

vertical infection of the fetus from HBV-infected oocytes or sperm [2, 5].  Horizontal 

infection through daily contact or breastfeeding also occurs, but to a lesser extent, 

putting children of HBV-infected mothers in danger of acquiring HBV infection until 

their 5th birthday [6]. The risk for perinatal transmission of HBV is 70-90% for 

infants born to mothers who are both HBsAg and HBeAg(+), compared to 5-20% for 

infants born to HbeAg(-) mothers. The joint HBV standard passive-active 

immunopropylaxis with HBIG plus HBV vaccine in neonates within 12 hours after 

delivery, endorsed by WHO, the World Gastroenterology Organization and CDC, is 

very effective at reducing HBV transmission to 5-9%. The remaining percentage is 

mainly attributed to intrauterine infection, usually encountered with a high viral load 

(HBV DNA >10
7
 IU/ml) and/or HBeAg positivity [2, 3, 5, 7].  In order to combat this 

problem, pregnant HBeAg(+) women or those with a high viral load, are now 

considered for treatment either with hepatitis B vaccine administration in an attempt 

to block placental transmission [2] or with nucleotide analogs, such as lamivudine and 

telbivudine, to reduce maternal viral load [2, 3, 5, 7]. Periodic administration of HBIG 

to the pregnant woman has also been investigated, but is not currently recommended 

[5].  Early and quick cleaning of the respiratory tract, mouth and skin of the newborns 

after delivery should be implemented, breastfeeding should be encouraged and HBV 

positivity should not be an indication for cesarean section, but invasive procedures 

that may damage the integrity of the fetal skin, like blood sampling, should be 

avoided [5]. With an estimated prevalence of 0.7-8.7% for hepatitis B infection in 

pregnant women in different parts of the world, a great number of neonates are in 

danger of perinatal transmission, if appropriate neonatal protocols are not 
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implemented. As prenatal risk factor-based screening will miss many chronic HBV 

infections among pregnant women, universal screening for hepatitis B infection 

during pregnancy with HbsAg has been recommended, as has repeat screening at 

delivery for women at high risk [3, 8].The Society for Maternal-Fetal Medicine 

(SMFM) also recommends that in pregnant women with HBV infection, HBV viral 

load testing be performed in the third trimester [3].   
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1.3HCV 

Hepatitis C, affecting 71 million people with chronic disease worldwide, is also a 

major global health issue.  Mother-to-child-transmission (MTCT) is the major source 

of HCV infection in children, occurring during pregnancy or in the perinatal period, 

with the exact timing and the ultimate mechanism remaining unknown [9, 10].  The 

rate of transmission is around 5% when the mother is positive for HCV RNA, with a 

virus load>615 copies/ml, dropping to <2% irrespective of HCV RNA status [10-12].   

Prolonged duration of ruptured membranes, female gender of the neonate and the use 

of invasive fetal monitoring have been associated with increased perinatal 

transmission risk [11, 12].  Maternal co-infection with HIV has been associated with 

increased risk of perinatal transmission of HCV, with transmission rates between 10% 

and 20%. There is yet no consensus about whether cesarean section reduces this risk, 

but it is well known that breastfeeding is not associated with vertical transmission. 

Seroprevalence among pregnant women has been estimated at 1.3% in industrialized 

countries to 8.7% in underdeveloped ones [8, 10, 13].  Because HCV infection is 

mainly encountered in high-risk groups, such as intravenous drug abusers, transfusion 

recipients or people with multiple sex partners, routine screening of pregnant women 

is not advocated; targeted screening in high-risk women is recommended [8]. New 

therapeutic options with direct antiviral agents, which have proved efficacious for the 

treatment of chronic HCV, are not yet indicated for pregnant women. There is no 

single postnatal test to verify vertical transmission. Children born to mothers with 

HCV should be tested after 18 months of age for the presence of anti-HCV IgG; 

earlier testing with PCR can be done at 2 months of age and repeated after 12 months 

of age [10,13,14]. 
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1.4HIV 

Human immunodeficiency virus (HIV) infection in pregnant women, with a 

seroprevalence of 0.1% in USA and Western Europe and up to 12% in Southern 

Africa,  is a major problem for perinatal medicine, since it carries a 22.6%-25.5% risk 

of vertical transmission, if appropriate measures are not taken [8, 15].  WHO has 

established that  the minimum elimination of mother-to-child-transmission (EMTC)  

impact targets are fewer than 50 new pediatric infections per 100,000 live births and a 

transmission rate of either <5% in breastfeeding populations or <2% in non-

breastfeeding populations [16]. The development and implementation of antenatal 

HIV testing programs and accordingly interventions to prevent transmission, has 

decreased the risk to 1%-2% in industrialized countries [8].  Cesarean delivery at 38 

weeks’ gestation, before onset of labor and before rupture of membranes, 

antiretroviral treatment during pregnancy, or at least perinatally, avoidance of 

breastfeeding and administration of antiviral medication to newborns for at least 6 

weeks, are the basic guidelines for prevention of MTCT. Care should be taken for the 

newborn to be bathed and cleaned of maternal secretions as soon as possible [15]. 

HIV testing in all pregnancies at the first prenatal visit is recommended by most 

authorities, but an opt-out approach often exists. Alternatively, neonatal screening can 

be offered immediately postnatally, when the mother’s status is unknown. Infants 

born to HIV (+) mothers should have diagnostic testing with HIV DNA or RNA 

assays performed at 48 hours of age, 14-21 days, 1-2 months and again at  4-6 

months. Proper antiretroviral therapy should be immediately initiated pending the 

results.  Antibody assays can be safely used for diagnosis only after 24 months of age 

[15]. 
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1.5Syphilis 

Syphilis is a sexually transmitted infection caused by the spirochete 

Treponemapallidum, and unlike other congenital infections, it is fully treatable in the 

pregnant woman, enabling prevention of vertical transmission [8]. It is estimated that 

approximately 1.36 million pregnant women have syphilis worldwide [17].   If left 

undiagnosed or untreated, 50% of infants born to mothers with untreated early 

syphilis and 35% with latent syphilis will be affected; 25% of pregnancies may result 

in stillbirth, miscarriage, or other adverse pregnancy outcomes [18].  Infection can 

occur in all stages and in all trimesters.  In addition, even after treatment, a 

significantly higher risk of pregnancy adverse outcome remains [18].  The economic 

and reproductive costs are enormous, and even though it is estimated that for every 

case of syphilis identified and treated, around 2800 women need to be screened, it 

nonetheless remains cost-effective [17].  In 2007, WHO launched an initiative to 

eliminate MTCT of syphilis by 2015, setting fewer than 50 cases of congenital 

syphilis/100,000 live births as a goal and underscoring the importance of testing 

>95% of gravidas for syphilis and treating >95% of seropositive gravidas [16-18].  

Syphilis testing is recommended at the first prenatal care visit in most countries, and if 

risk factors exist, repeat testing might be offered at 28-32 weeks gestation and at 

delivery. Non-treponemal assays (RPR or VDRL) are most commonly used for initial 

screening, and positive tests are further verified with a specific treponemal test, 

although none of these tests can exclude early primary syphilis [18, 19}. No newborn 

infant should be discharged from the hospital without determination of the mother’s 

serologic status for syphilis at least once during pregnancy [19].  When the neonate is 

at danger of congenital syphilis because of inadequate maternal treatment, penicillin 

G should be administered, even if physical examination and laboratory tests are 

normal [19].  Late or limited prenatal care and failure of health care providers to 

follow maternal syphilis screening recommendations are the limiting factors towards 

elimination of congenital syphilis.  

  



Εμβολιασμοί και Πρόληψη Λοιμώξεων σε Παιδιά και Εφήβους 

Σμήμα Ιατρικής – Πανεπιστήμιο Κρήτης 

 

13 

1.6Toxoplasma gondii infection 

Toxoplasma gondii is an obligate intracellular protozoan able to infect different 

species, but Toxoplasma gondii’s importance for humans refers mainly either to 

infection in the immunocompromised or primary infection during pregnancy, 

resulting in abortion/stillbirth or congenital toxoplasmosis. Congenital infection 

mainly results from the transplacental transmission of T.gondii during pregnancy or 

shortly before conception (<3 months) [8]. The risk of transmission increases 

respectively to the gestational age, from 15% in the first trimester to greater than 70% 

in the last month, but the risk of congenital infection in inversely decreased [8]. There 

is a wide variation in seroprevalence of Toxoplasma infection throughout the world, 

depending among other factors on the climate and the cultural eating habits. Countries 

such as Brazil show a prevalence >60%, others like Australia, Italy and Spain around 

20-40% and some like USA, Canada and the Scandinavian countries below 10% 

[8,20]. It is evident that the pregnant women most at danger are seronegative women 

of childbearing age in high seroprevalence areas. 

Due to the large variability of the seroprevalence, lack of standardized serologic 

assays outside of reference laboratories, high cost, and the fact that treatment in 

pregnancy has not conclusively proven to be of benefit for the prevention of 

congenital infection or the amelioration of long-term sequelae, there is no universal 

consensus on the screening protocol that should be endorsed in pregnancy [20-22]. 

Diverse policies including no screening, neonatal screening, and prenatal screening 

with monthly or 3-monthly re-testing schedules exist. An even stricter protocol 

endorsed by the American College of Obstetrics and Gynecology is that of a risk-

factor based approach; serological screening is performed only in women with 

suspicious findings on prenatal ultrasonography (ie hydrocephalus) or 

immunocomprimised pregnant women or co-infected with HIV [8,20].  Serologic 

tests are the primary means of diagnosing primary and latent infection, while PCR 

testing of body fluids, and specifically amniotic fluid, confirm the diagnosis. Avidity 

testing of IgG antibodies helps differentiate recent from past infection, with a high-

avidity IgG indicating infection that occurred at least 12-16 weeks prior to testing. 

Treatment of primary infection in pregnancy is recommended, and spiramycin is used 

<18 weeks gestational age, in an attempt to prevent vertical transmission. Once fetal 

infection is confirmed and once midpregnancy has been achieved, consideration 

should be given to starting therapy with pyrimethamine and sulfadiazine.  In the 

infant, congenital infection is usually confirmed serologically by persistently positive 
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IgG titers beyond the first 12 months of life, or earlier by a positive PCR test result. 

Seronegative pregnant women should be cautioned to avoid activities that potentially 

expose them to cat feces, abstain from consumption of raw or undercooked meat and 

be meticulous at washing raw vegetables and fruit [23].  
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1.7CMV 

CMV usually causes a mild and self-resolving disease, but primary infection during 

pregnancy, as well as reinfection, can lead to congenital infection, with a prevalence 

of 0.4-2.3% of all newborns, remaining the commonest cause of infective 

neurological handicap [24]. Cytomegalovirus (CMV) infection seropositivity in 

women of childbearing age has a great variability in the different parts of the world. 

Seroprevalence ranges from 30% in Western Europe and the United States up to 

nearly 100% in South America, Africa and Asia [8,25]. It is estimated that 1-2% of 

the seronegative women will undergo seroconversion during pregnancy, with this 

percentage being even higher in specific high risk groups, such as women working in 

day-care settings or caring for young children [24].  

The risk of fetal infection following primary CMV infection is estimated at 32%-47% 

overall, increasing accordingly to the gestational age, to a high of 73% in the third 

trimester [26,27]. The risk of long-term complications, on the other hand, is inversely 

related to gestational age. Overall, 10-15% of infected infants will have symptoms at 

birth, and from the remaining asymptomatic ones, about 10-15% will develop 

symptoms later [24].  

CMV primary infection is usually diagnosed by the presence of IgM and avidity 

testing of IgG, which can differentiate false positive IgM or a past infection, since 

IgM can persist for months to years [24].  Fetal infection is confirmed by a positive 

PCR for CMV on amniotic fluid attained by amniocentesis, which should not be 

performed earlier than 7 weeks after maternal seroconversion or 20 weeks gestation, 

in order to be valid. Even though the negative predictive value of amniocentesis is 

estimated to be 85-95%, all newborns whose mothers seroconverted during pregnancy 

should be tested with urine PCR within the first 3 weeks, and further evaluated and 

treated if needed [24,28].  Women who seroconvert during pregnancy might benefit 

from CMV hyperimmune globulin (CMV HIG), with some studies reporting a 

reduction in vertical transmission from 40% to 16%, but conclusive results haven’t 

been reached [29,30].  

A universal screening program for CMV infection during pregnancy has not been 

implemented worldwide for several reasons: 1) maternal immunity does not eliminate 

the possibility of fetal infection given that up to 75% of congenital CMV  infections 

worldwide may be due to reactivation of latent virus or reinfection with a new viral 

strain [20,28,31].  2) The lack of a proven treatment to prevent congenital 
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transmission further diminishes the potential benefit of universal screening [20,24,28] 

and 3) only a minority of infected newborns develop neurologic sequelae [28]. 

Screening for CMV takes different forms around the world: a) universal screening of 

all women prior to or early in pregnancy, allowing for proper guidance of 

seronegative women on how to minimize their chance of becoming infected and 

frequent retesting for possible seroconversion,  B) screening only women at increased 

risk, such as those with prolonged contact with children under the age of three, young 

children at home or work in day-care setting, c) performing ―once off‖ serology, 

including avidity at around 20 weeks gestation , and d)according to the 2015 ACOG 

guidelines, offering maternal serology only to those with abnormal findings 

suggesting of CMV on the midtrimester morphology ultrasound [24].    
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1.8.Rubella  

Rubella is an acute, contagious viral infection, usually causing a mild fever and rash 

in children and adults. Infection during pregnancy, especially during the first 

trimester, can result in miscarriage, fetal death, stillbirth, or infants with congenital 

malformations, known as congenital rubella syndrome (CRS). Congenital 

malformations may be present at birth with children suffering from hearing 

impairments, eye and heart defects, or may develop later, ie. type I diabetes, deafness, 

subacute encephalitis and autism [32-35]. In 2016, 22,361 rubella cases in 165 

countries and 367 cases of CRS were reported [34].  

The highest risk of CRS is in countries where women of childbearing age do not have 

immunity to the disease (either through vaccination or from natural disease) [32]. 

Moreover, over time, vaccine efficacy against rubella may decline, and as much as 

10% of children may be seronegative 12 years after the 2nd dose. The frequency and 

severity of the congenital syndrome are inversely related to gestational age; maternal 

exposure to rubella during the first trimester results in rubella congenital syndrome in 

85% of cases, but exposure after midpregnancy actually carries no risk [33].  

Routine prenatal screening for rubella immunity should be undertaken. If a woman is 

found to be non-immune, rubella vaccine should be administered during the 

immediate postpartum period, preferably before discharge. In addition, she is 

instructed to minimize exposure by frequent hand-washing, avoid contact with sick 

people and avoid travel to endemic countries. Cocooning in the family should also be 

implemented. Vaccinated women of childbearing age whose serum IgG 

concentrations are not clearly positive, even though proof for 1or 2 doses of vaccine 

exists, should receive an additional dose of MMR [33,35]. Immunoglobulin is not 

routinely recommended for post-exposure prophylaxis in non-immune pregnant 

women, and should only be offered if termination of pregnancy is not considered. 

Diagnosis of congenital infection is usually made by detection of rubella-specific IgM 

antibody in a newborn, or by stable or increasing serum concentrations of IgG over 

the first 7-11 months of life [35].  
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1.9 Aim of study 

The importance of proper prenatal testing of pregnant women cannot be overstressed.  

It allows not only for timely treatment of the pregnant woman in an attempt to 

minimize vertical transmission of the offending agent, but also offers valuable 

information to the neonatologist, for further evaluation and treatment of the newborn 

immediately after birth. The fact that in Greece official national guidelines for 

prenatal infectious disease screening do not exist, allows for big discrepancies among 

practices of different specialists. In addition, the gap that exists in the knowledge of 

the exact seroprevalence of these infections, in the general Greek population, and 

especially in pregnant women, only maximizes this problem. To make things worse, 

in the last years, Greece has been experiencing an ever enlarging mass of refugees and 

economically unprivileged people who often escape medical care during pregnancy. 

Taking into consideration that these same groups of people traditionally have high 

seroprevalence rates for infectious diseases like HBV and HCV, proper screening of 

all pregnant women is transformed into an almost unachievable task.   

Although quite a few studies have taken place on the seroprevalence of congenital 

infections in pregnant women in different countries, data available from Greek studies 

is very scarce.  Four surveys exist on the prevalence of HBV infection in pregnant 

women residing in Athens, one study concerning seroprevalence of rubella in the 

general population has taken place in Northern Greece and one more study exists on 

Toxopasma seroprevalence in pregnant women in Crete. Studies on the 

seroprevalence of other infections, such as HCV of syphilis, do not exist. It can easily 

be concluded that a large gap in the knowledge of seroprevalence of these infections 

exists in Greece.  

The aim of this study is the estimation of individual seroprevalence for each of HBV, 

HCV, HIV, Syphilis, Toxoplasma gondii, CMV, and Rubella in pregnant women in 

Crete. Special consideration will be given to particular groups, ie. Roma, refugees, 

and immigrants, for which prenatal testing is usually missing or scarce. The results 

will also reflect the true seroprevalence of these diseases in all of Greece and in the 

whole adult population, since pregnant women can be considered a representative part 

of healthy adults. Additionally, information on the screening practices of obstetricians 

in Crete will be analyzed. Findings will be extrapolated to the practices specialists 

follow in Greece, comparing them to the guidelines that exist worldwide for perinatal 

screening of infectious diseases. All the above will allow for better programming of 

perinatal care offered to women in Greece in the following years. 
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2.  Patients and methods 

2.1 Study population 

All of the pregnant women who gave birth in the Obstetric Clinics of the three major 

public hospitals of Crete, Greece, (University Hospital of Heraklion, Venizeleio 

General Hospital of Heraklion and General Hospital of Chania) during the period 

from January 2017 to December 2017 were included. Preliminary results from a 

similar survey that took place during December 2016 at the University Hospital of 

Heraklion were also included. Women experiencing miscarriage or stillbirth were 

excluded from the survey. After getting permission from the Ethic Committees of 

each hospital and the Directors of the individual clinics, we reviewed the medical 

records.  Specifically, we searched for the results of prenatal serological testing for 

HBV, HCV, HIV, syphilis, Toxoplasma gondii, CMV, and Rubella. Medical records 

that were either not found or had missing data were crosschecked with the electronic 

database of the hospitals, where it was available. In women with no prenatal screening 

documented, serologic tests for HBV, HCV, HIV and syphilis were ordered on an 

emergency basis in the majority of cases. Records of women who were HBsAg(+) 

were further checked, to verify whether appropriate immunoprophylaxis against HBV 

had been offered to the newborn. In addition, in women who had evidence of CMV or 

Toxoplasma gondii infection during pregnancy, further testing that had been 

performed and was available was recorded, such as avidity testing, prenatal ultrasound 

findings, amniocentesis and newborn screening results. Data that was also collected 

from the medical records included the ethnic origin of the participating women, their 

age and their residence (urban or rural). 

 Initially, mean seroprevalence was calculated for the total of the study sample for 

each test recorded. Then, the estimated seroprevalence was further analyzed according 

to the nationality, age distribution and residence of the participating women. Analysis 

was also done among women of Eastern Crete (Heraklion) and Western Crete 

(Chania) for CMV and Toxoplasma gondiiinfections. 

Due to the great sample size and geographic distribution of the patients, the serologic 

tests analyzed had been performed in a diversity of laboratories; laboratories of the 

three hospitals and private laboratories. Positive tests had usually been verified at least 

once at a different laboratory.  
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2.2 Statistical analysis  

An excel database was created initially for each hospital and at the end collectively 

for the whole study population.  Data analysis was performed using Vassarstats and 

GraphPrism software. Specific prevalence was calculated in each ethnic group of 

mothers, and compared to the mean seroprevalence and that of the Greek women. 

Chi-square test was used to compare qualitative values, whenever appropriate. P 

values<0.05 were considered statistically significant. 
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3.   Results 

3.1 General results  

Our study included a total of 2438 women who gave birth from January 2017 to 

December of 2017 in Crete. Results on some or the total of the seroprevalence 

markers were available for 1912 women (78.4%). The medical records of the 

remaining parturients were either not found or the specific data concerning the 

seroprevalence was missing. The mean age of the participants was 30.38 (± 6) years. 

Their origin was Greek (77.2 %), Albanian (10.8%), Bulgarian (3.3%), Romanian ( 

1.7% ), East Asian  (0.4%), refugees from Syria, Maroco, Egypt (0.7%),  former 

Republics of Russia (1.9%), Roma population (2%), Central/Western Europe 

(0.7%)and 1.1% with unknown country of origin (graph 1).   

Their residence was urban in 58.7% (1350/2300), rural in 26.3% (605/2300), and 

semiurban in 15% (345/2300). 

There were 65/1948 (3.34%) women under 20 years old, 789/1948 (40.5%) 20-29 

years old, 959/1948 (49.23%) 30-39 years old, and 135/1948 (6.93%) over 40 years 

old. 

The seroprevalence rate of the whole study population and of different nationalities 

for each of the serologic tests was estimated (table 1, table 2, graph 2, graph 3). The 

mean seroprevalence for HBsAg (+) was 1.5% (28 /1846) (95% CI 1-2.2), for HCV 

0.43% (8/1851) (95% CI 0.2-0.9), for HIV 0% (95% CI 0-0.26)(0/1843), and for 

syphilis 0.22% (2/894) (95%CI 0.04-0.89). Seropositivity for CMV existed in 

1115/1750 (63.7%, 95% CI 61.4-65.9), for Toxoplasma gondii in 391/1802 (21.7%, 

95% CI 19.8-23.7), and 1517/1726 for Rubella (87.9%, 95% CI 86.3-89.3).  

Negative prenatal tests for HBV, HCV, HIV and syphilis were usually not repeated 

during the pregnancy or at birth, even for women at high risk. Women who proved 

immune to CMV, Toxo and Rubella at the first visit were also not tested again. On the 

contrary, women nonimmune for CMV, Toxo and Rubella, were tested monthly 

during the pregnancy in the majority of cases. 
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3.2 Hepatitis B 

There were 1846 medical records that enclosed data about the HBV status of the 

mother. The remainder records were either not found or specific data concerning HBV 

infection was missing, in which case it was postulated that serological tests had been 

done on a private basis, but not recorded in the medical file. In any case, these missing 

results were most possibly negative, since HBsAg positivity would have most 

probably been recorded.  

The seroprevalence rate of the study population for HBsAg (+) was 28 /1846 (1.5%, 

95% CI 1-2.2).  The highest seroprevalence of HbsAg was in women of Far East 

origin (37.5%, 95% CI 10-74) and in Roma women (11.1%, 95% CI 4.8-23.5). 

Bulgarian women had a seroprevalence of 5.7% (95% CI 2.2-14), Albanian 4.3% 

(95% CI 2-8.5) and Romanian 2.8% (95% CI 0.5-14). (graph 4) There were no 

HbsAg(+) women from the former Soviet Union (FSU), Central and Northern Europe 

and refugee group, but the number tested was small, so safe conclusions cannot be 

made. Greek women showed a low seroprevalence of 0.5% (95% CI 0.2-1), and the 

difference compared to the mean seroprevalence or the whole population was 

statistically significant (p < 0.01).  Among the seropositive women, 28.6% were 

Albanian, 25% Greek, 17.85% Roma, 14.2% Bulgarian, 10.7% from Far East, and 

3.6% Romanian. The women who tested positive for HBsAg were stratified according 

to age: there was no case under 20 years old, 32.14% were between 20-29 years old, 

60.71% between 30-39 years old and only 7.14% above 40 years old. This difference 

was statistically significant (p<0.001).  According to the medical records, appropriate 

passive and active immunoprophylaxis was given to all 28 newborns whose mothers 

were HBsAg(+).Due to the fact that HbeAg and HBV viral load were not documented 

in the records, calculations on the exact seroprevalence of HbeAg(+) women or 

women with a high viral load cannot be made. 
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3.3 Hepatitis C 

Among the 1851 women who had serologic tests for HCV, 8 (0.43%, 95% CI 0.2-0.9) 

were found positive. In only one case was the viral load recorded (7.6 x 10
5
). All of 

the 8 cases were negative for HBV or HIV. According to ethnic origin, women that 

were HCV(+) were 25% from Greece, Former Republics of Russia and Roma 

population respectively and 12,5% from Albania and Bulgaria accordingly. Both of 

the Greek women were in high risk populations (one was a drug-addict and the other 

one was the spouse of a drug abuser). There were no recorded risk factors for the 

remainder of the cases. The specific seroprevalence for each nationality was 0.1% for 

Greeks (95% CI 0.04-0.5), 0.5% for Albanians (95% CI 0.09-2.9), 1.4% for 

Bulgarians (95% CI 0.2-7.6), 4.4% for Romas (95% CI 1.2-14.8), and 5.3% for 

women from the Former Democracies of Russia (95% CI 1.4-17.2). The differences 

between the different ethnic groups compared to the mean seroprevalence of the 

whole population were statistically significant (p<0.0001). The risk ratio among 

Russian, Roma, Bulgarian and Albanian women compared to Greeks was RR=37.4, 

RR=31.6, RR=10 and RR=3.8 respectively.  
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3.4 HIV 

In the present study, 1842 women had evidence of HIV serological testing during 

their current pregnancy. No woman was found seropositive, so the rate was 0% (95% 

CI 0-0.26).  
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3.5 Syphilis 

Syphilis was only tested in 895 women from the whole cohort (46.8%). In all cases 

NTT were used (VDRL or RPR). Only two women tested positive (0.22%, 95% CI 

0.06-0.81), and in these cases the results were verified with specific treponemal tests. 

Both of the positive women were from Romania, producing a specific seroprevalence 

for Romanians of 13.3% (95% CI 3.7-37.9) and they were both habitants of adjacent 

villages in the center of Heraklion prefecture. One was diagnosed during the third 

trimester and proper treatment was initiated and the other one was diagnosed 

postnatally, so treatment was offered to the neonate. Ultrasound findings of the 

neonates were insignificant, but both neonates were lost to follow-up.  
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3.6 Toxoplasma gondii 

Medical records reviewed revealed data for 1808 women of childbearing age. Only 

393 of these women were immune to Toxoplasma gondii infection, a percentage of 

21.8% (95% CI 19.9-23.7). According to nationality, the specific seroprevalence was 

as follows: Greeks 22.7% (95% CI 20.3-25.2), Albanians 33.7% (95% CI 27.7-40.9), 

Bulgarians 41% (95% CI 29.5-53.5), Rumanians 42.8% (95% CI 26.5-60.9), Roma 

21.4% (95% CI 11.7-35.94), FSU 37.8% (95% CI 24.1-53.9), East Asian 14.3% (95% 

CI 2.6-51.3), West European 16.7% (95% CI 4.7-44.8), and among refugees 27.3% 

(95% CI 9.7-56.6) (graph 5). The seroprevalence among Greek pregnant women is 

almost identical to the mean seroprevalence of the whole study population, but it is 

much smaller than that of Albanians, Bulgarians, Romanians and Russians. On the 

contrary, Roma population has an almost identical seroprevalence and women from 

Far East and from West Europe have a lower seroprevalence.  

The age stratification is shown in table 3. There is statistical significance between < 

29 years old and over 30 years (p<0.001) with a risk ratio of 1.37 for ages > 30 years. 

(table 3) 

Seroprevalence was estimated for women living in Eastern (20.24%, 95% CI 18-22.7) 

and Western Crete (24.5%, 95% CI 21.4-27.9). The difference in seroprevalence was 

statistically significant (p<0.05) with living in Western Crete having a risk ratio of 

1.21 (RR 1.21). Furthermore, 2 of the 4 women who seroconverted during pregnancy, 

were from Western Crete (seroconversion rate of 0.4%, 95% CI 0.1-1.45), with a 

RR=1.85.   

Women were also stratified according to their residence, in urban, semiurban and 

rural areas. Seropositivity was reported in 209/1066 (19.6%, 95% CI 17.3-22.1) of 

women in   urban areas, 42/150 (28%, 95% CI 21.4-35.7) in semiurban, and 120/393 

(23.4%, 95% CI 19.9-27.2) in rural areas. There was a trend for less seroprevalence in 

urban areas compared to rural (RR=0.84), but the difference did not reach statistical 

significance.  

For the 5 women who seroconverted at the beginning or during pregnancy, avidity test 

results were available only for 4. In 3/4 of the cases, the avidity was high, abnormal 

prenatal ultrasounds were not present and no further diagnostic invasive tests were 

done. In the case with a low avidity, amniocentesis was performed, with negative 

results.    
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3.7 CMV 

Among the 1783 women who had CMV serologic tests in their records, 69.1% were 

immune (95% CI 66.9-71.2). The seroprevalence of CMV in Greek women was 

62.1% (95% CI 59.5-64.6), in Albanians 95.5% (95% CI 91.4-97.7), in Bulgarians 

96.9% (95% CI 89.5-99.2), in Romanians 89.3% (95% CI 72.8-96.3), in Roma 95,1% 

(95% CI 84-99), in women from the Former Soviet Republics 82.9% (95% CI 67.3-

91.9), 100% for women from China and the Fillipines (95% CI 64.6-1), 75% for 

women from western Europe (95% CI 46.8-91.1), and 100% for refugees (95% CI 

74.1-100) (graph 5). There was statistical significance in the difference of 

seroprevalence among Greeks and Albanians, Romanians, Bulgarians, women from 

the former Soviet Union, Roma and refugees (p<0.001).  

Women immune for CMV were stratified according to age groups, but statistical 

significance was not achieved. Specifically, the seroprevalence for the different age 

groups are as follows: < 20 years 78.3%, 20-29 years 71.6%, 30-39 years 69.2%, and 

> 40 years 68%. Women immune for CMV were also compared as to where they 

lived, ie. East or West Crete, and no difference with statistical value was found.  

Of the 551 who were nonimmune, 26 seroconverted during pregnancy (4.7%, 95% CI 

3.2-6.8). There was a great difference (p<0.0001) for seroconverting in women of 

foreign origin (33.3%) compared to Greek women (3.45), with a RR=9.7. If stratified 

according to Western and Eastern Crete, nonimmune women from Chania had a 5.5% 

chance of seroconverting, while women from Heraklion had a 4.2%. The difference 

was of no statistical significance. In 8/26 cases avidity test results were available; 2/8 

had a low avidity, while the other 6/8 had a high avidity. In both cases with a low 

avidity, only detailed prenatal ultrasound was performed (normal findings), and no 

amniocentesis was recorded in the medical records. All neonates were tested with 

PCR for CMV in the urine during the first 2 weeks and no positive results were found.  
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3.8 Rubella 

Pregnant women’s rubella status could be evaluated in 1726 cases. Seropositivity was 

attained in 1517/1726 (87.9%, 95% CI 86.3-89.3), while 209/1726 were susceptible 

(12.1%, 95% CI 10.7-13.7). In two cases, IgM rubella antibodies were identified at 

the first prenatal visit, but due to preexisting IgG antibodies and consistently low IgM 

titers, no further testing was considered necessary.  

Among Greek women, rubella status was stratified according to age: 84% were 

seropositive < 20years, 89.1% 20-29years, 87.6% 30-39 years, and 88.9% > 40 years. 

These differences were not statistically significant.  

According to ethnic group,  88.2% Greek women were immune for rubella, 93.2% of 

the Albanians, 75.8% of the Bulgarians, 92.3% of the Romanians, 71.4% of the Roma 

population, 80% of the women former Soviet Union, 100% or the Central/West 

Europeans and East Asians, and 44.4% of the refugees. 
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4.Discussion 

Prenatal screening is usually advocated on a cost-effect basis if the condition which is 

screened for has a low seroprevalence, has a precise method of laboratory diagnosis, 

and treatment during pregnancy or immediately postnatally can alter the prognosis of 

the congenital infection. Knowing the exact seroprevalence of the most frequently 

encountered congenital infections in pregnant women at a local level, enables 

specialists to better plan the screening strategy that will be implemented, especially 

for diseases for which consensus has  not been reached (i.e. CMV) or in countries, 

like Greece, where official guidelines do not exist for all perinatally transmitted 

infections. 

 

4.1 Hepatitis B 

Proper screening of pregnant women for Hepatitis B virus (HBV) infection is of 

paramount importance and consensus exists as for the necessity of such screening.  

Vertical transmission occurs in up to 70% of double positive HBsAg/HBeAgwomen, 

and 90% of the perinatally infected infants will develop chronic HBV infection, 

progressing to chronic liver disease, cirrhosis and hepatocellular cancer. The only 

method to combat this catastrophy is to screen all pregnant women, regardless of risk 

factors. HBsAg(+) women could be offered antiviral medication to reduce MTCT 

transplacentaly, and standing immunoprophylaxis protocols will be implemented to 

the newborn, in an attempt to lower the risk of MTCT of HBV to 5-9% [4].  

In Greece, a national prevention program for Hepatitis B with universal screening of 

pregnant women is in effect since January 1998. Greece is considered a country of 

low endimicity, with the prevalence of HBV carriers in native Greeks being below 

1%. The influx of refugees from countries with high endimicity, however, poses a 

threat to the increase of the total number of people living with chronic hepatitis B in 

Greece [6].  

It is evident that compliance to screening guidelines is extremely important in 

preventing vertical transmission, but underprivileged groups often do not seek 

medical advice during their pregnancy. In a study by Papaevangelou, et al, that took 

place in Athens, prenatal screening for HBV had taken place in 91,3% of the women, 

much improved than in another study by the same author, where only 63,1% had been 

tested [6,36]. What was of most interest however is that in two different studies, 

women that escaped prenatal testing, had a much higher prevalence [6,37];in total 

5,3%, Greeks 2,8% , Albanians 7,4% and Roma 4,3% [6,37]. These findings 
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emphasize that specific populations should be targeted for prenatal testing and 

vaccination coverage [37].  Our study did not record the percentage of women with 

regular prenatal follow-up versus those who only sought medical advice at term, so 

conclusions on this topic cannot be made.   

Seroprevalence of HBsAg(+) in Greece has been previously studied in a couple of 

surveys. Prevalence of HbsAg(+) in women delivering in Greece during a two-week 

study period in 2003 was 2.89%. Women of Greek origin had the lowest prevalence 

of 1.7%, Albanians the highest with 9.8%, immigrants from other countries a 

prevalence of 5.7% and gipsy women 3.6 % [6].  Elefsiniotis et al, estimated the 

seroprevalence of HBsAg in 26,746 women at reproductive age in Greece from 2003-

2005 and found that 1.53% of women were HBsAg positive. The mean prevalence of 

HBsAg in Albanians was 4.9%, in Asians 5.57%, and in women from East Europe 

1.29%. Greek women had the lowest prevalence of 0.57% [38]. The results are similar 

in a more recent survey by Karatapanis et al, that took place form 2007-2009, where 

the total  HBsAg(+) prevalence is 1,2%, that of Greek women is 0,6% and that of the 

Albanians 5,4% [37].  

In our study, the mean seroprevalence of the study population for HBsAg (+) was 

1.5% (95% CI 1-2.2), and the Greek women showed a low seroprevalence of 0.5% 

(95% CI 0.2-1), similar to the most recent surveys by Elefsiniotis et al. and 

Karatapanis et al., reporting 0.57% and 0.6% respectively[37,38]. The 1.7% 

seroprevalence in Greek pregnant women that Papaevangelou et al. reported in an 

older study, probably highlights the constantly falling prevalence of HBV in the 

Greek population.  

Seroprevalence in Albanian pregnant women living in Greece has always been in 

excess of that reported for Greeks, reflecting the higher burden of HBV in Albania. In 

the general Albanian population, the seroprevalence of HBV is 9.5%, which means 

that Albania remains a country of high endimicity [39]. In a study by Malamitsi-

Puchner et al, published in 1996,HbsAg(+) prevalence of 13,4% was found among 

Albanian pregnant women [40]. More recent studies show a gradual decrease to 4.9-

5.4% [37,38], very similar to our findings of 4.3% (95% CI 2-8.5).This trend can be 

explained by the ever improving hygiene conditions among Albanian families, as well 

as the increasing percentage of immunization in this population.   

Our study is the first to our knowledge to report the seroprevalence of Bulgarian and 

Romanian women separately, and not as a whole, like the former studies. In our study, 

Bulgarian women had a seroprevalence of 5.7% (95% CI 2.2-14), which is much 
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bigger than that reported in a study by Tsankova et al, where the seroprevalence in 

Bulgaria for pregnant women is estimated at 2.26%, with residence in rural areas and 

belonging to an ethnic minority important risk factors [41]. This discrepancy could be 

explained by the fact that most of the Bulgarian immigrants to Greece belong to the 

Roma population and are not indigenous Bulgarians. On the contrary, Romanian 

pregnant women living in Greece had a seroprevalence of 2.8% (95% CI 0.5-14) for 

HBsAg(+) in our study, slightly lower than the 4.4% reported for the whole Romanian 

population in 2013 [42]. 

The Roma population in Greece, although Greek in nationality, often behaves as a 

separate group with discrete characteristics, often nonadherent to national guidelines 

and immunization practices. A large proportion does not seek medical advice, so the 

exact prevalence of HBV, as well as other diseases, is actually unknown. In our study, 

11.1 % (95% CI 4.8-23.5) of  Roma women were HBsAg(+), but the overall number 

of Roma participants (N=45) is not big enough to extract safe conclusions. 

Papaevangelou et al, had found a seroprevalence of 3.6% (95% CI 0.8-10.2) among 

the same group [6], while in a study of hepatitis B among Roma children in Athens, 

22% were identified with evidence of past infection (anti-HBc(+)), among whom five 

(4% of the total) were chronic carriers (HBsAg(+)) [43]. 

The highest seroprevalence of HbsAg(+) was in women of Far East origin (37.5%, 

95% CI 10-74). Only Elefsiniotis et al. reported separately on these women, and he 

found a seroprevalence of 5.57% in 251 women, being the highest in his study too. In 

China, HBV infection in women of childbearing age is at a high level, with a 

prevalence of 7.18% [5]. The extremely high rate found in our study, is definitely 

misleading and due to the very small size of the sample, but nonetheless, women from 

China should be treated as high risk and every effort should be made to screen them 

prenatally.  

There were no HbsAg(+) women from Central and Northern Europe, as was the case 

in the study by Elefsiniotis et al, the former Soviet Union (FSU), and refugee group, 

but the number tested was small, so safe conclusions cannot be made. 

The Society of Maternal and Fetal Medicine (SMFM) also recommend that in 

pregnant women with HBV infection, HBeAg should be tested and HBV viral load 

should be performed in the third trimester[3]. Elefsiniotis et al, found only 2,67% of 

HBsAg(+) women were HBeAg(+) and from the women whose blood was tested for 

viral load, only 12.7% exhibited extremely high serum HBV-DNA levels of >10
7 

copies/ml, suggesting that only a slight proportion of HBsAg positive women in 
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Greece pose a great risk for vertical transmission to their offspring [38]. Accordingly, 

in HEPNET study in Greece, an ongoing nationwide retrospective–prospective study 

initiated in 1997, it was shown that the prevalent form of hepatitis B among the Greek 

patients was HBeAg negative, in comparison with immigrants who were positive in 

16,6% of the cases and had a higher DNA load [44]. Malamitsi et al, reported a 

HBeAg positivity of 7.5% in Albanians living in Greece [40]. The medical records 

reviewed in our study did not provide any information either on HBeAg or on HBV 

viral load, so conclusions cannot be made. 
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4.2 Hepatitis C 

Transmission from mother-to-child is the major source of HCV infection in children, 

occurring during pregnancy or in the perinatal period, at a rate of 2-5%, depending on 

the mother’s viral load [12]. Screening only pregnant women in high-risk groups is 

usually advocated, since seroprevalence in the general population is very low and no 

treatment exists for newborns infected vertically. The current prevalence of hepatitis 

C in Greece ranges from 0.5%-2% [9,45], but in Crete a slightly greater 

seroprevalence was found byDrositis et al, estimated at 2.2% [46].  Immigrants who 

live in Greece have a seropositivity of 2.3%-4.82% for HCV, which mainly concerns 

formerSoviet Union and African refugees, and to a lesser extent Albanians [9,47]. 

This is the first study to our knowledge on seroprevalence of HCV among pregnant 

women in Greece. A mean seroprevalence of 0.43% (95% CI 0.2-0.9) was found. 

According to ethnic origin, the seroprevalence was 0.1% for Greeks (95% CI 0.04-

0.5), 0.5% for Albanians (95% CI 0.09-2.9), 1.4% for Bulgarians (95% CI 0.2-7.6), 

4.4% for Romas (95% CI 1.2-14.8), and 5.3% for women from the former Soviet 

Union (95% CI 1.4-17.2). Greeks’ low seroprevalence matches hepatitis C prevalence 

in pregnant women in England in 2012 (0.095%) [48]. Malamitsi-Puchner et al, 

reported a similar  prevalence of 0.6% among Albanian pregnant immigrants [40]. In 

Bulgaria, estimated prevalence of hepatitis C is 1.3% [49], very similar to our results. 

In the FSU, anti-HCV was detected in only 1.3% of pregnant women in 2011–2012 

[50], much rarer than in our study, probably due to our small sample size. In our 

study, no Romanians were found HCV (+), but the 95% CI (0-9.6%) enclose the 

reported seroprevalence of the general population in Romania, being 3.50% (CI 3.10–

3.92%) [51]. Even though the sample size is small, the seroprevalence found among 

Roma is alarming (4.4%). Data on Roma have not been published elsewhere and 

perinatal specialists should be aware of the increased danger for HCV in this group; 

screening should definitely be offered to these women. Both of the Greek women 

were in high risk populations (one was a drug-addict and the other one was the spouse 

of a drug abuser), which underscores the importance of screening specific high-risk 

populations. On the contrary, it is surprising to note that in 1846 out of 1912 medical 

records with relevant data, screening for HCV had been performed, without high-risk 

conditions being present, a practice that has great cost and should definitely be 

discussed among specialists. 
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4.3 HIV  

Detection of human immunodeficiency virus (HIV) infection in pregnant women is of 

paramount importance, since it carries a 22.6%-25.5% risk of vertical transmission 

[8,15]. The development and implementation of antenatal HIV testing programs and 

accordingly interventions to prevent transmission, has decreased the risk to 1%-2% in 

industrialized countries [8]. HIV testing in all pregnancies at the first prenatal visit is 

recommended by most authorities, but an opt-out approach often exists in some 

countries.  

In the present study, 1842 women had evidence of HIV serological testing during 

their current pregnancy, proving that obstetricians abide by the official guidelines and 

screen all women, irrespective of risk-factors. Data on whether consent on the part of 

the pregnant mother existed was lacking, but from personal experience, in GreeceHIV 

testing is usually ordered by physicians without informing the woman.  Repeat 

screening at term was not documented, which might be inappropriate for specific 

high-risk groups. No woman was found seropositive, so the rate was 0% (95% CI 0-

0.26). Nonetheless, universal screening should continue. In a retrospective study 

covering 14 years (2000-2013) in Crete, 8 neonates were born to 7 seropositive 

mothers, 75% of which were Greek and 62.5% of which had been on antiretroviral 

therapy before pregnancy. After following the official guidelines for prevention of 

MTCT, no neonate was infected (100% prevention) [52]. In Greece, a total of 134 

seropositive children < 13 years at the time of diagnosis have been reported and 

55.7% of them have been infected vertically. In 2016, 3 new MTCT cases were 

reported [53].  In Europe < 3% of new cases are in children 0-19 years old and the 

WHO target of fewer than 50 new MCTC cases/100,000 live births/year has been 

achieved. 
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4.4 Syphilis 

Syphilis is a sexually transmitted disease that can cause vertical infection of the 

developing fetus in up to 50% of cases with detrimental consequences. Infection can 

occur in all stages and in all gestational ages and clinical findings may be evident at 

birth of many years later. Additionally, syphilis is a completely treatable disease, and 

on these grounds, syphilis testing is recommended at the first prenatal care visit in all 

women; if risk factors exist, repeat testing should be done at 28-32 weeks gestation 

and at delivery.  

In our study, only 894(46.7%) out of the 1912 pregnant women that had prenatal 

testing documented, had been tested for syphilis. This is probably due to the fact that 

specific guidelines form the Hellenic Society of Obstetrics and Gynecology do not 

exist and a majority of specialists consider syphilis to be a well-forgotten disease. 

What is even more interesting is that even among women of East European origin, the 

rate of screening remained under 50%. In 2007, WHO launched an initiative to 

eliminate congenital syphilis by 2015, the goal set was <50 cases of CS per 100.000 

live births and one of the measures necessary was testing >95% of gravidas for 

syphilis and treating >95% of seropositive gravidas [16-18]. Accordingly, screening is 

routinely offered and recommended to all pregnant women in England, with an uptake 

of over 97% [17]. 

In 2014, 69 congenital syphilis cases were reported in 23 EU/EEA Member States, an 

overall rate of 2.3 cases per 100,000 live births. The trend for reported congenital 

syphilis cases has remained stable in recent years, and the majority of cases were 

reported from Bulgaria (24 cases) and Poland (17 cases). The number of reported 

cases are decreasing in Bulgaria, but have increased in Portugal, Romania and Spain 

compared with 2013 [53]. The percentage of women testing positive for syphilis had 

nearly doubled in the UK from 1999 to 2007, with 10 cases of congenital infection 

being reported annually. 54% of confirmed cases were in women born in Europe, of 

whom 39% were born in Eastern Europe [17].  In 2014,  0.14% of pregnant women in 

England tested positive and only 21 cases of congenital syphilis have occurred 

between February 2011 and January 2017, usually born to mothers socially 

marginalized and encountering barriers to antenatal care. Interestingly, in 4 of these 

cases, the mothers had tested negative at the beginning of the pregnancy and no risk 

factors were identified to warrant repeat testing [54]. In Greece, only congenital 

syphilis is a notifiable disease and there have been 12 cases reported during the period 

from 2007-2013 [55].  Data on syphilis seroprevalence among pregnant women in 
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Greece does not exist. In our study, only two women tested positive (0.22%, 95% CI 

0.06-0.81), and in these cases the results were verified with specific treponemal tests. 

Both of the positive women were from Romania, producing a specific seroprevalence 

for Romanians of 13.3% (95% CI 3.7-37.9) and they were both habitants of adjacent 

villages in the center of Heraklion prefecture. One was diagnosed during the third 

trimester and proper treatment was initiated and the other one was diagnosed 

postnatally, so treatment was offered to the neonate. Ultrasound findings of the 

neonates were insignificant, but both neonates were lost to follow-up. As mentioned 

earlier, Romania is one of the countries encountering a rising rate of syphilis 

congenital infections, with the mean annual incidence of syphilis being 25.2 ± 15 

cases per 100,000 inhabitants form 1980-2009 [56]. The fact that under 50% of our 

study population was screened for syphilis could mean that at least 2 cases of 

congenital infection might have been missed.  
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4.5 Toxoplasma gondii 

Toxoplasma gondii’s importance for humans refers mainly to primary infection during 

pregnancy, resulting in abortion/stillbirth or congenital toxoplasmosis. There is a wide 

variation in seroprevalence of Toxoplasma infection throughout the world, which 

might play a role in planning public health policies. It is evident that the pregnant 

women most at danger are seronegative women of childbearing age in high 

seroprevalence areas. Countries such as Brazil show a prevalence >60%, others like 

Australia, Italy and Spain around 20-40% and some like USA, Canada and the 

Scandinavian countries below 10% [8,20]. Specifically for Greece, different studies 

on the seroprevalence of toxoplasma infection show results from 20.1% to 36.4% in 

women of childbearing age or pregnant women [65]. Antoniou et al, estimated the 

incidence of toxoplasmosis in 5532 pregnant women in Crete over a period of five 

years (1998-2003). A percentage of 29.45% of pregnant women were found 

seropositive and 3.34% fulfilled the criteria for primary T.gondii infection [66].  

In our study, a mean seroprevalence of 21.7% (95% CI 19.9-23.7%) was estimated for 

the whole study population and positive IgM was found in 0.3% of women.  Similar 

results come from reports on Toxoplasma gondii infection in women of childbearing 

age in the last 30 years in the Balkans [67]. Stratified according to nationality, Greek 

and Roma pregnant women had a similar seroprevalence of 22.7% and 21.4% 

respectively. The higher seroprevalence found in women from Eastern Europe, and 

namely Albania, Bulgaria, Romania and the former Soviet Union (33.7% - 42.8%), 

coincide with the increased prevalence encountered in less developed countries. On 

the other hand, women from Far East and West Europe had, as expected, the lowest 

seroprevalence (14.3% and 16.7% respectively).  

Interestingly, in the other Mediterranean countries, the seropositivity rates are greater 

than in our study. In Turkey, the seroprevalence of Toxoplasma in women attending 

the Obstetric Clinic was estimated at 31% [60].  Munoz et al, in a study in Spain on 

3547 pregnant women showed that the seroprevalence of toxoplasmosis was 39.5% 

and acute toxoplasmosis occurred in 1.2% of the seronegativewomen [68].  In Italy, 

on the other hand, in 2010 only 19.4% of women of childbearing age were found to be 

positive for Toxoplasma, in comparison with 48.5% in 1995. Different seroprevalence 

rates among native and non-native women were noted, as in our study, with the 

women living in Italy but coming from Africa, Eastern Europe and South America 

showing a toxoplasma seroprevalence as high as those documented in their country of 

origin and much higher of that found among Italian women. Interestingly, a 
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significant discrepancy between immigrant and native mothers was observed: despite 

immigrant women being less susceptible to infection, given the higher percentage of 

previous infection among them, their RR for toxoplasma  primary infection during 

pregnancy was 5-fold higher than that of Italian women [69]. 

In our study, a statistical significant difference was found in the seroprevalence 

among women under and over 30 years old, with a risk ratio of 1.37 for ages > 30 

years. To our knowledge such a finding has not been mentioned elsewhere, although a 

plausible explanation exists, since as women age their chances of contracting 

Toxoplasma gondii infection increase. In addition, the trend towards a smaller 

seroprevalence in women living in urban compared to rural areas (RR=0.84), without 

the difference reaching statistical significance, is biologically explainable, since 

women in rural areas are more prone to come in contact with cats, animals in general  

and raw vegetables. Similar findings were presented by Apostolaki et al [63].  

Diagnosis of maternal infection is made by positive IgM antibodies combined with 

low avidity IgG assays and further verified by PCR on the amniotic fluid. Congenital 

toxoplasmosis has been a notifiabledisesase in Greece since 2004 and subject to 

continuous data collection by the HCDCP (Hellenic Center of Disease Control and 

Prevention). Since 2004, only 4 cases have been  reported (2 in 2004, 1 in 2010 and 1 

in 2013).In our study, for the 5 women who seroconverted at the beginning or during 

pregnancy, avidity test results were available only for 4. In 3/4 of the cases, the 

avidity was high, abnormal prenatal ultrasounds were not present and no further 

diagnostic invasive tests were done. In the case with a low avidity, amniocentesis was 

performed, with negative results. In all 5 cases, infants were followed-up serologically 

for the first year of life and no congenital infection was confirmed.  

As far as screening protocols are concerned, just as with CMV infection, great 

controversy exists among specialists, since seroprevalence shows great variability 

among different parts of the world and treatment of the pregnant woman doesn’t 

conclusively reduce long-term sequelae [22].  The ACOG in 2015 suggested 

screening only pregnant women who are immunocomprimised or HIV-positive, while 

others entertain also screening women with abnormal fetal ultrasound findings.  In our 

study, 94.5% of women whose medical records were retrieved had serologic tests 

performed for toxoplasma, proving that obstetricians in Greece consider this type of 

screening extremely important. Taking into account though that 78.3% of women 

tested negative, and that the majority of these underwent monthly serologic 

reevaluations, one should consider if the cost is justifiable, especially if one considers 
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that only 4 cases of congenital toxoplasmosis have been reported in Greece in 10 

years. 
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4.6 CMV 

Cytomegalovirus (CMV) infection remains the commonest cause of infective 

neurological handicap with a birth prevalence of congenital CMV of 0.4-2.3% [24].  

The risk of fetal infection following primary CMV infection is estimated at 32%-47% 

overall and the risk of long-term complications is inversely related to gestational age 

[24,26,27].  In a literature review by Cannon et al, CMV infection was relatively 

common among women of reproductive age, with seroprevalence ranging from 45 to 

100%. CMV seroprevalence tended to be highest in South America, Africa and Asia 

and lowest in Western Europe and United States. Worldwide, seroprevalence among 

non-whites tended to be 20-30 percentage points higher than that of whites and people 

of lower socioeconomic status were more likely to be CMV positive [25].  A large 

scale survey on 5714 women of reproductive age in the USA revealed that 70% were 

IgG(+) and 2.8% was CMV IgM(+) [59]. In France, the overall point estimate of 

CMV infection seroprevalence for women aged 15–49 years was 45.6%, and people 

born in a non-Western country were more likely to be CMV seropositive than those 

born in France or in another Western country (93.7% vs. 37.7%) [57]. In a cohort of 

pregnant women in Canada from 2010-2013, 1938 women were tested and 40.4% 

were seropositive for CMV. Risk factors for seropositivity were day—care educator, 

lower education, lower income, having had children, first language other than English 

or French, and being born outside Canada or the USA [58].  In contrast, countries 

with higher IgG prevalence, such as Turkey and Korea (>98%), report a much lower 

seroprevalence of IgM(+) of 0.2-0.5% and 1.3% respectively [59-61].  In China, the 

CMV seroprevalence is 96.2% [62]. In our study, the mean seropositivity rate of the 

whole population was 69.1%, and positive IgM was detected in 1.5% of the 

population, lying somewhere in between industrialized and underdeveloped countries. 

The seroprevalence of CMV in Greek women was lower than the mean (62.1%, 95% 

CI 59.5-64.6),  but in immigrants from other countries, and especially Eastern 

European countries, the seroprevalence was much higher, achieving a great statistical 

significance (p<0.001): Albanians 95.5% (95% CI 91.4-97.7), Bulgarians 96.9% 

(95% CI 89.5-99.2),  Romanians 89.3% (95% CI 72.8-96.3),  Roma population 95,1% 

(95% CI 84-99), women from FSU 82.9% (95% CI 67.3-91.9),  and 100% for women 

from China and the Fillipines (95% CI 64.6-1). Women from Western Europe were 

CMV positive in 75% of cases (95% CI 46.8-91.1), a rate higher than that expected in 

developed countries, as was the case in the studies previously mentioned.  
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It is estimated that 1-2% of the seronegative women will undergo seroconversion 

during pregnancy, and in specific high risk groups, this rate might be bigger (8% / 

year in day care workers and 24% in parents of children shedding CMV) [24]. In the 

study from France, 2.3% of the women seroconverted during pregnancy [58]. In our 

study, 4.7% of seronegative women seroconverted during pregnancy. Data on possible 

high-risk characteristics of these women were not recorded in this study. What was of 

great surprise though, was the difference in the seroconversion rate in women of 

foreign origin (33.3%) compared to Greek women (3.45), with a RR=9.7 and a 

statistical significance of p<0.0001. Similar results were presented at the 5th 

Panhellenic Neonatal Conference in Athens in 2014 from a survey in pregnant women 

in Chania: foreign citizens had 11 times bigger chance of being seropositive, 

compared to Greek women (95% CI 7.246 – 17.241) [63].  To our knowledge, such a 

finding has not been previously reported and probably reflects the poor hygiene 

standards that characterize many of the immigrants in combination with the extremely 

high prevalence of CMV among them.  

CMV seroprevalence is reported to increase from 56% between the ages of 30-34 

years to 79% between the ages of 35-39 years [24]. In a study by Antona et al. in 

France, CMV seropositivity depended on the age group; <30% of them were CMV 

positive before 25 years of age, but nearly 50% above this age, putting young 

seronegative women (>70%) at higher risk of primary CMV infection during 

pregnancy [64].  In our study on the contrary, women immune for CMV were 

stratified according to age groups, but statistical significance was not achieved, 

possibly reflecting an early in childhood acquisition of CMV.  

Maternal infection is diagnosed by the combination of positive IgM and low 

avidiyIgG antibodies, and fetal infection is confirmed by a positive PCR for CMV on 

amniotic fluid attained by amniocentesis. Following birth, even neonates with 

negative amniocentesis results, should be tested with urine PCR within the first 3 

weeks and treated accordingly [24,28]. In our study, only in 8/26 cases were avidity 

test results available; 2/8 had a low avidity, while the other 6/8 had a high avidity, and 

were considered past infections.  In both cases with a low avidity, only detailed 

prenatal ultrasound was performed (with normal findings), and no amniocentesis for 

PCR analysis was recorded in the medical records. Nonetheless, all neonates were 

tested with PCR for CMV in the urine during the first 2 weeks and no positive results 

were found. In the presentation by Apostolaki et al, during the years 2011-2013, 2 

congenital CMV infections were identified in the area of Chania [63]. 
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A great debate exists as to what type of screening is best for pregnant women. In the 

majority of countries, universal screening of pregnant women is not advocated, since, 

among other reasons, effective treatment cannot be offered to infected pregnant 

women. Additionally, a great proportion of congenital CMV infections occur in 

women previously immune undergoing a reinfection, so positive testing at the 

beginning of the pregnancy might convey a false sense of safety. In the USA, CMV 

testing is recommended only when there is clinical suspicion or fetal abnormalities on 

fetal scanning [28].  In Greece, official guidelines do not exist. Based on our study 

though, one can conclude that at least 72.1% of the pregnant women have had CMV 

serologic testing performed. Moreover, the majority of 40% of the women who are 

susceptible to CMV, have been repeatedly tested (usually once monthly) throughout 

the pregnancy. Based on the fact that no congenital infection was recorded, this 

strategy bears an enormous cost to the insurance system, with no apparent benefit.  
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4.7 Rubella  

Rubella is an acute, contagious viral infection, which can have devastating 

consequences when contracted during pregnancy, especially during the first trimester. 

The highest risk of CRS is in countries where women of childbearing age do not have 

immunity to the disease (either through vaccination or from natural disease). In the 

USA, the majority of CRS cases reported the last 20 years are among infants born to 

foreign-born mothers, mainly from Latin America [33]. During early prenatal care it 

is standard of care in the USA and in most parts of the world, to ascertain the 

seroconversion rate of rubella using serological assays. If the pregnant woman is non-

immune, proper guidance is offered to minimize the risk of contracting rubella, and 

immunization with rubella vaccine is programed immediately after birth [33].  In a 

study in Northern Greece on the seroprevalence of rubella, among women of 

reproductive age (16-40 years), 13.9% were susceptible to rubella [70]. Karacan et al, 

determined the prevalence of IgG antibodies against rubella in Turkey in pregnant 

women from 2009 to 2013 to be 95%. In other studies, seropositivity for rubella is 

stated as 87%-91% in the USA, 85.8% in Italy and 98% in Spain,  94.4% in Norway 

and around 96% in England [71,72].  In a large study assessing rubella susceptibility 

among pregnant women in Spain, that was conducted from 2008-2013 and included a 

total of 22,681 women, the proportion of women susceptible to rubella was 5.9%, 

with immigrants being more susceptible (7.6%), especially those from Asian countries 

(10.8%). Susceptibility to rubella declined with increasing age (perhaps due to natural 

immunity in women > 40 years), multiparity and being native Spanish [72]. In a 

survey on seroprevalence of rubella in Japanese women, there was a difference 

between primiparous women (3%) vs multiparous women (5%), and the teenage 

pregnant women were consistently more susceptible to rubella (20%) [73]. Ina study 

by Pejcic et al. significant high seropositivity was observed in mothers >30 years as 

compared to mothers < 29 years [74]. In our study, rubella status was stratified 

according to age in Greek women:  84% were seropositive < 20years, 89.1% at 20-

29years, 87.6% at 30-39 years, and 88.9% > 40 years. These differences were not 

statistically significant, in contrast to the two previous studies. According to ethnic 

groups, differences did exist, but extrapolations are difficult to make, since rubella is 

the only vaccine-preventable perinatal infection, and the exact vaccination coverage 

of each immigrant population is unknown. Greeks have been privileged with a robust 

national immunization schedule, encompassing rubella vaccination since 1989 with a 

2-dose schedule. The seroprevalence found in our study was 88.2% in Greek women, 
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similar to that found in Northern Greece as well as most of the developed countries. 

Effort was made to inform the susceptible to rubella pregnant women for the necessity 

of immediate postnatal immunization. The 11.8% of seronegative women found might 

be due to incomplete or failure of vaccination, or might have to do with the fact that 

over time, vaccine efficacy against rubella may decline, and as much as 10% of 

children may be seronegative 12 years after the 2nd dose [75].  

In Europe, up to October 2017, a total of 754 cases of congenital rubella infection had 

been reported, with an average of 7-23 per year. In 2012 there were 55 cases reported 

only in Romania, experiencing at that point of time a huge rubella outbreak. In 

Greece, no CRS cases have been filed from 2003-2014. Nevertheless, rubella 

certainly hasn’t been eliminated from Europe, and screening of all pregnant women 

should be implemented. In our study, 90.2% of the women were tested for rubella at 

least once in pregnancy, and care should be taken for the percentage to reach 100%. 

Focus should be given on immunizing susceptible women immediately after giving 

birth and before hospital discharge, not omitting those whose IgG results were in the 

intermediate zone. Special attention should also be given to the refugees, who showed 

the lowest seroprevalence (44.4%), since overcrowding conditions often encountered 

among them and missed immunization opportunities can put them in great danger of 

contracting rubella. In our study, there was no register in the medical records of 

whether rubella immunization was offered to susceptible women prior to their 

discharge. Based on personal experience, there seem to be quite a few obstacles 

concerning both the gynecologists’ inexperience with immunizations and technical 

difficulties that have to do with the economical coverage of the vaccine. 
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4.8 Limitations of the study 

One of the weaknesses of this study was that the population studied was pregnant 

women giving birth at one of the three major public hospitals in Crete. Women who 

gave birth at the private hospitals, might have slightly different seroprevalence rates, 

as they tend to belong to a higher income category as a whole, and would thus be 

expected to have better living standards. Additionally, public hospitals tend to have an 

overrepresentation of minority groups, such as immigrants and Roma, which could 

adversely affect the mean seroprevalence estimated.  

Data was not collected concerning the parity of women, their occupation, their 

educational background and the place they grew up(rural or urban), all being 

characteristics that have been studied in seroprevalence surveys. In addition, 

information related to high-risk categories for the different infections was not 

recorded, ie drug abuse or multiple sex partners for HCV, HIV and HBV or close 

contact with young infants or toddlers for CMV. 

Moreover, there was no information on how long the foreign women had been living 

in Greece, or whether they had been born and immunized in our country. Whether the 

women of foreign origin had regular prenatal testing during pregnancy or only at term 

on an emergency basis, was also not recorded. Higher HBV disease burden and low 

vaccination-induced protection are characteristic in pregnant women nonadherent to 

HBsAg prenatal testing. More intense surveillance and implementation of 

immunization programs should be applied in these populations.  

As far as HBV infection is concerned, testing for HBeAg and HBV viral load was  not 

performed by obstetricians, so conclusions about the prevalence of HBeAg/viral load 

cannot be made, even though the risk of vertical transmission is mainly based on these 

parameters.   
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4.9 Future research 

Future studies should focus on identifying the appropriate screening protocol that 

should be implemented for each of the diseases. Specific national prenatal testing 

guidelines should be constructed, depending on the seroprevalence of these infections 

in each country. Some infections might profit from universal screening, ie HBV, 

others from high-risk group screening, ie HCV, while infections like Toxoplasma or 

CMV might not be worth testing in the first place. Cost-effective studies should also 

be done, to help in the abovementioned decision planning. 

In addition, a prospective study could be implemented, for newborns born to mothers 

with HBV, HCV, syphilis, Toxoplasma and CMV, which would yield interesting data 

on the final prevalence of congenital diseases in Greece and the breaches in prenatal 

and postnatal treatment, when implemented. The results from such a study would also 

highlight the need for prenatal testing according to each disease.  

At last, future research could study the seroprevalence of all pregnant women in the 

first trimester, including those who experienced a miscarriage or a stillbirth, since 

these women might have a higher seroprevalence of infections, such as syphilis or 

CMV and Toxoplasma gondii infection.  
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4.10 Conclusions 

Vertical transmission of infections during pregnancy can have deleterious 

consequences for the developing fetus. Focused prenatal screening and appropriate 

treatment of the pregnant woman or the neonate is of paramount importance in the 

struggle for the elimination of congenital infections. Exact knowledge of the 

seroprevalence of the infectious agents, with special attention to specific high-risk 

groups, such as immigrants, is necessary for proper public health planning. In the 

present study, we estimated the seroprevalence for HBV, HCV, HIV, syphilis, 

Toxoplasma gondii infection, CMV, and rubella in a cohort of pregnant woman who 

gave birth in the three major public hospitals of Crete during 2017. Differences 

between Greek women and women of foreign origin were found in most of the cases. 

Specifically, for HBV, HCV, syphilis and rubella, seroprevalence in Greeks was 

comparable to that found in industrialized countries, while women of east European 

origin mainly, and Roma, show a much higher prevalence of these infections.  

Women were properly screened in the majority of cases against HBVand HIV, but 

syphilis screening was omitted in >50% of cases. Screening for HCV, Toxoplasma 

and CMV was performed in almost all the women, opposed to more stringent 

guidelines present in Western countries. No congenital CMV or Toxoplasma 

infections were verified in the whole study period, a fact that challenges the decision 

planning for universal screening of all pregnant women, due to the high cost. It might 

be more prudent to spend money on educating pregnant women on prevention of 

Toxoplasma gondii and CMV infection, by avoiding consumption of raw meet, 

improperly washed vegetables, cat exposure and caution in dealing with toddlers’ 

urine and saliva respectively, than performing monthly reevaluations of womens’ 

seropositivity.  

The results of this study could be generalized to the whole adult population in Greece, 

since pregnant women consist a healthy part of each country’s population. 

Seroprevalence of all the infectious diseases studied reflects the prevalence of these 

diseases in the society and can help formulate public health prevention programs. It is 

also a ground on which perinatal specialists can discuss on topics that are still under 

debate, like universal or only high-risk screening of pregnant women, and accordingly 

shape national guidelines for Greece. 
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Graph 1. Study population according to nationality (total population N=2,438) 
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Graph 2. Seroprevalence of HBV, HCV, HIV, Syphilis, Toxoplasma, 

CMV, and Rubella in the whole population 
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Graph 3. Seroprevalence of HBV, HCV, Toxoplasma, CMV, and 

Rubella according to ethnic group 
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Graph 4.HBsAg(+) seroprevalence according to ethnic group (Total population 

N= 1,846) 
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 HBsAg(+) HCV HIV Syphilis 

 
N 

tested 
N(+) 

Rate % 

(95% CI) 

N 

tested 
N(+) 

Rate % 

(95% CI) 
N tested N(+) 

Rate % 

(95% CI) 

N 

tested 
N(+) 

Rate % 

(95% CI) 

Greek 1417 7 
0.5 

(0.2-1.1) 
1421 2 

0.1 

(0.4-0.5) 
1416 0 

0 

 (0-0.3) 
709 0 

0 

 (0-0.5) 

Albanian 188 8 
4.3 

(2-8.5) 
187 1 

0.5  

(0.09-2.9) 
188 0 

0  

(0-2) 
70 0 

0  

(0-5.2) 

Bulgarian 70 4 
5.7 

(2.2-14) 
70 1 

1.4 

 (0.2-7.6) 
69 0 

0 

 (0-5.3) 
29 0 

0 

 (0-11.7) 

Romanian 36 1 
2.8 

(0.5-14) 
36 0 

0 

 (0-9.6) 
35 0 

0  

(0-9.9) 
15 2 

13.3 

 (3.7-37.9) 

Roma 45 5 
11.1 

(4.8-23.5) 
45 2 

4.4 

 (1.2-14.8) 
44 0 

0 

 (0-8) 
27 0 

0 

 (0-12.5) 

FSU 38 0 
0 

(0-9.2) 
38 2 

5.3  

(1.4-17.2) 
36 0 

0  

(0-9.6) 
16 0 

0 

 (0-19.4) 

East Asia 8 3 
37.5 

(10-74) 
5 0 

0 

 (0-43.4) 
8 0 

0 

 (0-32.4) 
5 0 

0 

 (0-43.5) 

Europe 13 0 
0 

(0-23) 
13 0 

0 

 (0-22.8) 
12 0 

0 

 (0-24.2) 
5 0 

0 

 (0-43.5) 

Refugees 10 0 
0 

(0-28) 
10 0 

0 

 (0-27.7) 
11 0 

0 

 (0-25.9) 
5 0 

0 

 (0-43.5) 

Whole 

population 
1846 28 

1.5 

(1-2.2) 
1851 8 

0.43 

 (0.2-0.9) 
1842 0 

0 

 (0-0.26) 
894 2 

0.22 

 (0.06-0.8) 

Table 1. Seroprevalence of HBV, HCV, HIV, and syphilis for the study population and each nationality 

separately  
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 Toxoplasma CMV Rubella 

 
N 

tested 
N(+) 

Rate % 

(95% CI) 

sero
co

n
v

erio
n

 

N 

tested 
N(+) 

Rate % 

(95% CI) 

sero
co

n
v

erio
n

 

R
ate o

f 

sero
co

n
v

ersio
n

 

N 

tested 
N(+) 

Rate % 

(95% CI) 

Greek 1407 260 
22.7 

( 20.3-25.2) 
4 1385 860 

62.1 

(59.9-64.6) 
18/525 3.4 1335 1178 

88.2 

(86.4-89.9) 

Albanian 178 60 
33.7 

(27.7-40.9) 
1 178 170 

95.5 

(91.4-97.7) 
3/8 33.3 177 165 

93.2 

(88.5-96.1) 

Bulgarian 66 25 
41 

(29.5-53.5) 
0 65 63 

96.9 

(89.5-99.2) 
0/2 0 177 165 

93.2 

(88.5-96.1) 

Romanian 28 12 
42.8 

(26.5-60.9) 
0 28 25 

89.3 

(72.8-96.3) 
2/3 33.3 26 24 

92.3 

(75.9-97.9) 

Roma 42 9 
21.4 

(11.7-35.9) 
0 41 39 

95.1 

(84-99) 
0/2 0 42 30 

71.4 

(56.4-82.8) 

FSU 37 14 
37.8 

(24.1-53.9) 
0 35 29 

82.9 

(67.3-91.9) 
2/6 33.3 35 28 

80 

(64.1-90 

East Asia 7 1 
14.3 

(2.6-51.3) 
0 7 7 

100 

(64.6-100) 
0/0 0 7 7 

100 

(64.6-100) 

Europe 12 2 
16.7 

(4.7-44.8) 
0 12 9 

75 

(46.8-91.1) 
1/3 33.3 12 12 

100 

(76-100) 

Refugees 11 3 
27.3 

(9.7-56.6) 
0 11 11 

100 

(74-100) 
0/0 0 9 4 

44.4 

(18.9-73.3) 

Whole 

population 
1808 393 

21.7 

(19.9-23.7) 
5 1783 1232 

69.1 

(66.9-71.2) 
26/549 4.7 1726 1517 

87.9 

(86.3-89.3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

Table 2. Seroprevalence of Toxoplasma, CMV, and Rubella for the study population and each nationality 

separately 
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  Graph 5. Toxoplasma and CMV seropositivity according to ethnic group 
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Table 3. Toxoplasma seroprevalence according to age stratification 

Age 

Toxoplasma 

IgG   (+) 

N(number) 

Toxoplasma 

IgG (-) 

N(number) 

Rate % (95% CI) 
Total 

number 

< 20 7 55 11.3 (5.6-21.5) 62 

20-29 135 591 18.6(16-21.6) 724 

30-39 194 619 23.9 ( 21.1-26.9) 813 

>40 32 69 31.7( 23.4-41.3) 101 

     


