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Abstract: TORCH infections usually result in mild maternal morbidity, but may cause severe
congenital abnormalities. Therefore, it is important to detect maternal infections, monitor the
fetus after the disease has been recognized, and define the seronegative women who are at risk of
primary infection during pregnancy. From 2014 to 2023, serum samples from 1032 childbearing-
aged and pregnant women (16–45 years) were tested for IgM/IgG antibodies to the most common
TORCH pathogens: Toxoplasma gondii, rubella virus (RUBV), cytomegalovirus (CMV), and her-
pes simplex viruses (HSV-1 and HSV-2). The overall IgG seroprevalence rates were 20.1% for
T. gondii, 91.3% for RUBV, 70.5% for CMV, 66.8% for HSV-1, and 3.5% for HSV-2. Only HSV-2
seroprevalence was age-related, with a significant progressive increase in seropositivity from 0%
in those aged less than 26 years to 9.3% in those older than 40 years. The seroprevalence of T. gondii
was higher in residents of suburban/rural areas than in residents of urban areas (27.4% vs. 17.1%).
In addition, participants from continental regions were more often toxoplasma-seropositive than
those from coastal regions (22.2% vs. 15.3%). HSV-1 seroprevalence was also higher in subur-
ban/rural areas (71.7% vs. 64.7%). Obstetric history was not associated with TORCH seropositivity.
Univariate and multivariate risk analysis showed that suburban/rural areas of residence and
continental geographic regions were significant risk factors for T. gondii seroprevalence. Further-
more, suburban/rural area of residence was a significant risk factor for HSV-1 seroprevalence,
while older age was a significant risk factor for HSV-2 seroprevalence. A declining trend in the
seroprevalence of all TORCH pathogens was observed compared to previous Croatian studies
(2005–2011). Similarly, the proportion of women simultaneously IgG-seropositive to two or three
pathogens decreased over time. The maternal serology before pregnancy could potentially reduce
the burden of congenital TORCH infections.
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1. Introduction

TORCH—Toxoplasma gondii, others (Treponema pallidum, varicella-zoster virus, par-
vovirus B19, etc.), rubella virus (RUBV), cytomegalovirus (CMV), and herpes simplex
viruses type 1 and 2 (HSV-1, HSV-2)—encompasses some of the most prevalent pathogens
associated with congenital abnormalities. The majority of TORCH infections result in mild
maternal morbidity, but have severe fetal consequences, and treatment of the mother’s
illness often does not affect the fetal outcome. Therefore, it is important for clinicians to
identify maternal infections and monitor the fetus once the disease has been identified [1].
In addition, it is important to define the seronegative women who are at risk of primary
infection during pregnancy [2].

Toxoplasmosis is a parasitic infection caused by the protozoon T. gondii. The majority
of immunocompetent individuals do not develop symptoms or might have nonspecific
flu-like symptoms and lymphadenopathy [3]. Congenital toxoplasmosis is a complication
of a primary maternal T. gondii infection during pregnancy. The mother’s immune system,
the virulence of the strain, the parasite load, and the gestational age at which the mother
was infected all affect the severity of a newborn or fetal disease [4]. The risk of T. gondii
transmission increases with increasing gestational age, but the disease severity decreases [5].
The spectrum of clinical manifestations of congenital toxoplasmosis varies from mild
symptoms to severe consequences, such as chorioretinitis, hydrocephalus, microcephaly,
mental retardation, and even death [6].

Rubella is a viral disease caused by RUBV. It is a highly contagious but generally mild
and in most cases self-limiting disease. However, maternal RUBV infection during the
first trimester of pregnancy can cause congenital rubella syndrome (CRS). CRS represents
a global public health concern, with more than 100,000 estimated annual reported cases
worldwide. The risk of transplacental transmission depends on the time of infection. If a
maternal infection occurs within the first 12 weeks of gestation, up to 85% of newborns will
have congenital defects compared to 50% in maternal infections within 13 to 16 weeks of
gestation and 25% in maternal infections during the second part of the second trimester [7].
Congenital heart diseases, cataracts, hearing impairment, and developmental delay are
common congenital abnormalities associated with CRS [8].

CMV is a widely distributed human beta-herpesvirus. CMV commonly causes asymp-
tomatic or mild mononucleosis-like disease in immunocompetent children and adults;
however, congenital CMV infection is a public health problem, affecting 0.67% of live
births [9,10]. Congenital infection may occur in primary or recurrent CMV infection (reacti-
vation or reinfection with a different viral strain). Although mostly asymptomatic, primary
maternal CMV infection in pregnancy poses the highest risk of transplacental transmission
(30–35%) compared to 1.1–1.7% for non-primary infections. Fetal abnormalities include
intrauterine growth restriction, intracranial calcifications, microcephaly, ventriculomegaly,
chorioretinitis, and hepatomegaly [11].

HSV-1 and HSV-2 are among the most widely distributed viruses worldwide. HSV-1
predominates in orofacial lesions, while HSV-2 mainly causes genital herpes. Nevertheless,
both these viruses can infect orofacial areas and the genital tract. For HSV infections that
occur in the last trimester of pregnancy, the risk of neonatal infection ranges from 30% to
50%, while the risk for early pregnancy infections is only 1% [12]. Several forms of neonatal
infections can be identified based on the time of maternal infection: intrauterine infections
(5% of cases), postnatal infections (10% of cases), and perinatal infections (85% of cases) [13].
Spontaneous abortion, intrauterine growth retardation, preterm birth, and congenital and
neonatal HSV infections are all linked to genital herpes infections during pregnancy. HSV
infections in neonates infected intrapartum or postnatally can manifest as disease localized
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to the skin, eye, and/or mouth, HSV encephalitis, or disseminated HSV infection, with
mortality rates of more than 80% in untreated patients [12].

Only a few studies have analyzed the prevalence of TORCH infections in Croatia. Tox-
oplasma seropositivity was analyzed in the childbearing-aged female population in Split-
Dalmatia County (1994–1995), showing a seropositivity ranging from 28.1% to 42.6% [14].
A subsequent study conducted from 2005 to 2009 tested childbearing-aged women for
T. gondii, RUBV, CMV, and HSV-1/2 [15]. Three other studies analyzed seroprevalence in
pregnant women: HSV-1/2 (2008–2010 and 2011–2023) [2,16] and CMV (2013–2015) [17].
Since recent data are lacking, this study aimed to analyze the seroprevalence of and risk fac-
tors for TORCH infections in childbearing-aged women over a 10-year period (2014–2023).

2. Materials and Methods
2.1. Study Participants

The study included 1032 childbearing-aged women (16–45 years; Figure 1) tested at
the Croatian Institute of Public Health, the largest public health institute in the country.
All women tested for TORCH pathogens consecutively from January 2014 to December
2023 were included. All of the participants were of Croatian nationality and there were no
migrants tested. For this study, participants were classified according to age (a five-year
age group), area of residence (urban or suburban/rural), geographic region (continental or
coastal), and obstetric history (non-pregnant, normal pregnancy, unfavorable obstetric his-
tory: previous spontaneous abortions, children with congenital malformations, infertility).

Antibodies 2024, 13, x FOR PEER REVIEW 3 of 17 
 

 

as disease localized to the skin, eye, and/or mouth, HSV encephalitis, or disseminated 
HSV infection, with mortality rates of more than 80% in untreated patients [12]. 

Only a few studies have analyzed the prevalence of TORCH infections in Croatia. 
Toxoplasma seropositivity was analyzed in the childbearing-aged female population in 
Split-Dalmatia County (1994–1995), showing a seropositivity ranging from 28.1% to 42.6% 
[14]. A subsequent study conducted from 2005 to 2009 tested childbearing-aged women 
for T. gondii, RUBV, CMV, and HSV-1/2 [15]. Three other studies analyzed seroprevalence 
in pregnant women: HSV-1/2 (2008–2010 and 2011–2023) [2,16] and CMV (2013–2015) [17]. 
Since recent data are lacking, this study aimed to analyze the seroprevalence of and risk 
factors for TORCH infections in childbearing-aged women over a 10-year period (2014–
2023). 

2. Materials and Methods 
2.1. Study Participants 

The study included 1032 childbearing-aged women (16–45 years; Figure 1) tested at 
the Croatian Institute of Public Health, the largest public health institute in the country. 
All women tested for TORCH pathogens consecutively from January 2014 to December 
2023 were included. All of the participants were of Croatian nationality and there were no 
migrants tested. For this study, participants were classified according to age (a five-year 
age group), area of residence (urban or suburban/rural), geographic region (continental 
or coastal), and obstetric history (non-pregnant, normal pregnancy, unfavorable obstetric 
history: previous spontaneous abortions, children with congenital malformations, infer-
tility). 

 
Figure 1. Distribution of study participants by age. 

2.2. Methods 
Initial serological screening (IgM and IgG antibodies) was performed using commer-

cial enzyme-linked immunoassay (ELISA) for RUBV (Novatec Immunodiagnostica, Diet-
zenbach, Germany), CMV (Vircell Microbiologists, Granada, Spain), and HSV-1/2 (Viro-
tech Diagnostics, Dietzenbach, Germany) and enzyme-linked fluorescence assay (ELFA) 
for T. gondii (Vidas, Marcy-l’Étoile, France). IgM/IgG-positive samples were further tested 
for IgG avidity for T. gondii (Vidas, Marcy-l’Étoile, France), RUBV (Euroimmun, Lübeck, 
Germany), and CMV (Euroimmun, Lübeck, Germany), and Western blot (WB) was used 
for HSV-1/2 (Euroimmun, Lübeck, Germany) (Table 1). 

  

Figure 1. Distribution of study participants by age.

2.2. Methods

Initial serological screening (IgM and IgG antibodies) was performed using com-
mercial enzyme-linked immunoassay (ELISA) for RUBV (Novatec Immunodiagnostica,
Dietzenbach, Germany), CMV (Vircell Microbiologists, Granada, Spain), and HSV-1/2 (Vi-
rotech Diagnostics, Dietzenbach, Germany) and enzyme-linked fluorescence assay (ELFA)
for T. gondii (Vidas, Marcy-l’Étoile, France). IgM/IgG-positive samples were further tested
for IgG avidity for T. gondii (Vidas, Marcy-l’Étoile, France), RUBV (Euroimmun, Lübeck,
Germany), and CMV (Euroimmun, Lübeck, Germany), and Western blot (WB) was used
for HSV-1/2 (Euroimmun, Lübeck, Germany) (Table 1).

2.3. Statistical Analysis

Differences between groups of categorical variables were assessed using chi-squared
and Fisher’s exact tests. Odds ratios (ORs) and adjusted odds ratios (AORs) ± 95% con-
fidence intervals (CIs) were used to assess the univariate and multivariate association of
positive serological tests and explanatory variables (age, area of residence, geographic
region, and obstetric history). Statistical analysis was performed using STATA/MP 17.0
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for Windows (StataCorp LLC, Lakeway Drive, College Station, TX, USA). The level of
statistical significance was set at p < 0.05.

Table 1. Serology methods used for detection of TORCH antibodies.

TORCH
Pathogen

Method (Reference Values)

IgM Antibodies IgG Antibodies IgG Avidity Western Blot

T. gondii

ELFA
(Index < 0.55 negative,
0.55–0.65 borderline,

>0.65 positive)

ELFA
(IU/mL < 4 negative, 4–8
borderline, >8 positive)

ELFA
(Index < 0.3 low, 0.3–0.5
borderline, >0.5 high)

RUBV
ELISA

(NTU < 9 negative, 9–11
borderline, >11 positive)

ELISA
(IU/mL < 10 negative, 10–15

borderline, 15 positive)

ELISA
(AI % < 40 low, 40–60

borderline, >60% high)

CMV
ELISA

(AI < 9 negative, 9–11
borderline, >11 positive)

ELISA
(AI < 9 negative, 9–11

borderline, >11 positive)

ELISA
(AI % < 40 low, 40–60

borderline, >60% high)

HSV-1
ELISA

(VE < 9 negative, 9–11
borderline, >11 positive)

ELISA
(VE < 9 negative, 9–11

borderline, >11 positive)

Positive, borderline,
negative

HSV-2
ELISA

(VE < 9 negative, 9–11
borderline, >11 positive)

ELISA
(VE < 9 negative, 9–11

borderline, >11 positive)

Positive, borderline,
negative

ELFA = enzyme-linked fluorescence assay, ELISA = enzyme-linked immunosorbent assay; NTU = Novatec units,
AI = avidity index, IU/mL = international units/mL, VE = Virotech units.

3. Results
3.1. Characteristics of Study Participants

Mean participant age was 31.9 ± 5.1 years. The area of residence was urban for
725 (70.3%) of participants and suburban/rural for 307 (29.7%) of participants. The geo-
graphic region of residence was continental for 724 (70.2%) and coastal for 308 (29.8%) par-
ticipants. Regarding obstetric history, 271 (26.3%) of women were not pregnant, 608 (58.9%)
had a normal pregnancy and 153 (14.8%) reported an unfavorable obstetric history.

3.2. TORCH Seroprevalence

Toxoplasma gondii IgG antibodies were detected in 208 (20.2%; 95% CI = 17.8–22.7%)
participants. Toxoplasma gondii IgM antibodies were found in four (0.4%; 95% CI = 0.1–1.0%)
IgG-seropositive participants; however, all showed high IgG avidity, which ruled out acute
toxoplasmosis. There was no significant difference in IgG seroprevalence according to
age (18.8–25.6%). Significant differences were observed according to area of residence and
geographic region. Participants from suburban/rural areas were more often seropositive
compared to those from urban areas (27.4% vs. 17.1%; p < 0.001). In addition, higher
seropositivity was observed in continental areas than in coastal areas (22.2% vs. 15.3%;
p = 0.011). IgG seropositivity was not associated with obstetric history (non-pregnant
women 23.6%, normal pregnancy 19.4%, unfavorable obstetric history 17.0%) (Table 2).

RUBV IgG antibodies were detected in 942 (91.3%; 95% CI = 89.6–93.0%) participants.
RUBV IgM antibodies were found in two (0.2%; 95% CI = <0.1–0.7%) IgG-seropositive
participants. Both participants showed high AI (77% and 83%, respectively). There was
no significant difference in IgG seroprevalence according to age (81.3–95.4%), urban and
suburban/rural area of residence (91.3% and 91.2%), continental and coastal geographic
region (91.7% and 90.3%), or obstetric history (90.5–91.5%) (Table 3).
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Table 2. Prevalence of Toxoplasma gondii antibodies.

Characteristic
Tested
N (%)

Toxoplasma gondii IgM Toxoplasma gondii IgG

N (%) 95% CI p N (%) 95% CI p

Age group

≤20 years 16 (1.6) 1 (6.3) 0.1–30.2

0.007

4 (25.0) 7.3–52.4

0.896

21–25 years 87 (8.4) 0 (0) NA 18 (20.7) 12.7–30.7
26–30 years 300 (29.1) 1 (0.3) <0.1–1.2 63 (21.0) 16.5–26.1
31–35 years 373 (36.1) 2 (0.5) 0.1–1.9 70 (18.8) 14.9–23.1
36–40 years 213 (20.6) 0 (0) NA 42 (19.7) 14.6–25.7
>40 years 43 (4.2) 0 (0) NA 11 (25.6) 13.5–41.2

Area of
residence

Urban 725 (70.3) 2 (0.3) <0.1–1.0
0.375

124 (17.1) 14.4–20
<0.001Suburban/rural 307 (29.7) 2 (0.7) 0.1–2.3 84 (27.4) 22.5–32.7

Geographic
region

Continental 724 (70.2) 3 (0.4) <0.1–1.2
0.832

161 (22.2) 19.3–25.4
0.011Coastal 308 (29.8) 1 (0.3) <0.1–1.8 47 (15.3) 11.4–19.8

Obstetric
history

Non-pregnant 271 (26.3) 0 (0) NA
0.247

64 (23.6) 18.7–29.1
0.204Normal pregnancy 608 (58.9) 4 0.7) 0.2–1.7 118 (19.4) 16.3–22.8

Unfavorable obstetric history 153 (14.8) 0 (0) NA 26 (17.0) 11.4–23.9

NA = not applicable, CI = confidence interval.

Table 3. Prevalence of rubella virus antibodies.

Characteristic
Tested
N (%)

Rubella Virus IgM Rubella Virus IgG

N (%) 95% CI p N (%) 95% CI p

Age group

≤20 years 16 (1.6) 0 (0) NA

0.378

13 (81.3) 54.4–96.0

0.319

21–25 years 87 (8.4) 1 (1.1) <0.1–6.2 83 (95.4) 88.6–98.7
26–30 years 300 (29.1) 0 (0) NA 268 (89.3) 85.3–92.4
31–35 years 373 (36.1) 1 (0.3) <0.1–1.5 341 (91.4) 88.1–94.1
36–40 years 213 (20.6) 0 (0) NA 197 (92.5) 88.1–95.6
>40 years 43 (4.2) 0 (0) NA 40 (93.0) 80.9–98.5

Area of
residence

Urban 725 (70.3) 2 (0.3) <0.1–1
0.357

662 (91.3) 89–93.3
0.956Suburban/rural 307 (29.7) 0 (0) NA 280 (91.2) 87.5–94.1

Geographic
region

Continental 724 (70.2) 2 (0.3) <0.1–1
0.356

664 (91.7) 89.5–93.6
0.449Coastal 308 (29.8) 0 (0) NA 278 (90.3) 86.4–93.3

Obstetric
history

Non-pregnant 271 (26.3) 0 (0) NA
0.498

248 (91.5) 87.5–94.5
0.976Normal pregnancy 608 (58.9) 2 (0.3) <0.1–1.2 554 (91.1) 88.6–93.3

Unfavorable obstetric history 153 (14.8) 0 (0) NA 140 (90.5) 85.9–95.4

NA = not applicable, CI = confidence interval.

CMV IgG antibodies were detected in 728 (70.5%, 95% CI = 67.7–73.3%) participants.
Sixty-five of the IgG-seropositive women were IgM-positive (8.9%, 95% CI = 6.9–11.2%);
however, based on IgG avidity, only two showed low/borderline AI (35% and 51%, re-
spectively), suggesting recent primary CMV infection. No significant differences in IgG
seroprevalence were observed among age groups (62.5–72.4%), urban and suburban/rural
areas of residence (69.1% vs. 73.9%), or continental and coastal regions (70.1% vs. 71.8%).
Higher CMV IgG seropositivity was found in women with an unfavorable obstetric history
(75.2%) compared to non-pregnant women (69.4%) and women with normal pregnancy
(69.9%); however, these differences were not significant (Table 4).

HSV-1 IgG antibodies were found in 689 (66.8%, 95% CI = 63.8–69.6%) women. Using
ELISA, ten (0.9%, 95% CI = 0.5–1.8%) of the participants were IgM-seropositive, but only
one (0.1%, 95% CI = <0.1–0.5%) was confirmed IgM-positive by WB. There was no signifi-
cant difference in seroprevalence between age groups (63.7–75.0%). The seroprevalence
rates were similar in residents of continental (66.9%) and coastal areas (66.6%); however,
significant differences were observed among residents of urban and suburban/rural areas
(64.7% vs. 71.7%, p = 0.030). Obstetric history was not associated with HSV-1 seropositivity
(64.8–70.8%) (Table 5).
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Table 4. Prevalence of cytomegalovirus antibodies.

Characteristic
Tested
N (%)

Cytomegalovirus IgM Cytomegalovirus IgG

N (%) 95% CI p N (%) 95% CI p

Age group

≤20 years 16 (1.6) 1 (6.3) 0.2–39.2

0.248

10 (62.5) 35.4–84.8

0.863

21–25 years 87 (8.4) 10 (11.5) 5.7–20.1 58 (66.7) 55.7–76.4
26–30 years 300 (29.1) 22 (7.3) 4.7–10.9 206 (69.7) 63.1–73.9
31–35 years 373 (36.1) 17 (4.6) 2.7–7.2 270 (72.4) 67.5–76.9
36–40 years 213 (20.6) 13 (6.1) 3.3–10.2 150 (70.4) 63.8–76.5
>40 years 43 (4.2) 2 (4.7) 0.6–15.8 31 (72.1) 56.3–84.7

Area of
residence

Urban 725 (70.3) 47 (6.5) 4.8–8.5
0.708

501 (69.1) 65.6–72.5
0.119Suburban/rural 307 (29.7) 18 (5.9) 3.5–9.1 227 (73.9) 68.7–78.8

Geographic
region

Continental 724 (70.2 41 (5.7) 4.1–7.6
0.198

507 (70.0) 66.5–73.3
0.587Coastal 308 (29.8 24 (7.8) 5.1–11.4 221 (71.8) 66.4–76.7

Obstetric
history

Non-pregnant 271 (26.3) 21 (7.7) 4.9–11.6
0.495

188 (69.4) 63.5–74.8
0.393Normal pregnancy 608 (58.9) 36 (5.9) 4.2–8.1 425 (69.9) 66.1–73.5

Unfavorable obstetric history 153 (14.8) 8 (5.2) 2.3–10 115 (75.2) 67.5–81.8

CI = confidence interval.

Table 5. Prevalence of herpes simplex virus type 1 antibodies.

Characteristic
Tested
N (%)

Herpes Simplex Type 1 IgM Herpes Simplex Type 1 IgG

N (%) 95% CI p N (%) 95% CI p

Age group

≤20 years 16 (1.6) 0 (0) NA

0.538

12 (75.0) 47.6–92.7

0.598

21–25 years 87 (8.4) 0 (0) NA 57 (65.5) 54.6–75.4
26–30 years 300 (29.1) 5 (1.7) 0.5–3.8 191 (63.7) 57.9–69.1
31–35 years 373 (36.1) 2 (0.5) <0.1–1.9 249 (66.8) 61.7–71.5
36–40 years 213 (20.6) 2 (0.9) 0.1–3.4 148 (69.5) 62.8–75.6
>40 years 43 (4.2) 1 (2.3) <0.1–12.3 32 (74.4) 58.8–86.5

Area of
residence

Urban 725 (70.3) 9 (1.2) 0.6–2.3
0.170

469 (64.7) 61.1–68.2
0.030Suburban/rural 307 (29.7) 1 (0.3) <0.1–1.8 220 (71.7) 66.3–76.6

Geographic
region

Continental 724 (70.2) 7 (1.0) 0.4–2
0.991

484 (66.9) 63.3–70.3
0.927Coastal 308 (29.8) 3 (1.0) 0.2–2.8 205 (66.6) 61–71.8

Obstetric
history

Non-pregnant 271 (26.3) 2 (0.7) <0.1–2.6
0.300

192 (70.8) 65–76.2
0.211Normal pregnancy 608 (58.9) 8 (1.3) 0.6–2.6 394 (64.8) 60.9–68.6

Unfavorable obstetric history 153 (14.8) 0 (0) NA 103 (67.3) 59.3–74.7

NA = not applicable, CI = confidence interval.

HSV-2 IgG antibodies were detected in 36 (3.5%, 95% CI = 2.4–4.8%) participants.
HSV-2 IgG seropositivity increased significantly with age. None of the participants aged
less than 26 years was IgG-seropositive. A progressive increase with age was observed from
1.7% in the 26- to 30-year age group to 9.3% in participants older than 40 years (p = 0.005).
Area of residence, geographic region, and obstetric history were not associated with HSV-2
IgG seropositivity (Table 6).

3.3. Simultaneous TORCH Seroprevalence

Analyzing the simultaneous IgG seroprevalence of two TORCH pathogens, seropos-
itivity to T. gondii–RUBV was found in 190 (18.4%; 95% CI = 16.1–20.9%) participants,
T. gondii–CMV in 146 (14.1%, 95% CI = 12.1–16.4%), and RUBV–CMV in 663 (64.2%;
95% CI = 61.2–67.2%) participants. Only area of residence and geographic region were as-
sociated with seropositivity. Residents of suburban/rural areas and those from continental
geographic regions were more often seropositive to T. gondii–RUBV and T. gondii–CMV
IgG antibodies, while these differences were not observed for RUBV–CMV seroprevalence
(Table 7).
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Table 6. Prevalence of herpes simplex virus type 2 antibodies.

Characteristic
Tested
N (%)

Herpes Simplex Type 2 IgM Herpes Simplex Type 2 IgG

N (%) 95% CI p N (%) 95% CI p

Age group

≤20 years 16 (1.6) 0 (0) NA

0.880

0 (0) NA

0.005

21–25 years 87 (8.4) 0 (0) NA 0 (0) NA
26–30 years 300 (29.1) 0 (0) NA 5 (1.7) 0.5–3.8
31–35 years 373 (36.1) 1 (0.3) <0.1–1.5 13 (3.5) 1.9–5.9
36–40 years 213 (20.6) 0 (0) NA 14 (6.6) 3.6–10.8
>40 years 43 (4.2) 0 (0) NA 4 (9.3) 2.6–22.1

Area of
residence

Urban 725 (70.3) 0 (0) NA
0.124

27 (3.7) 2.5–5.4
0.526Suburban/rural 307 (29.7) 1 (0.3) <0.1–1.8 9 (2.9) 1.3–5.5

Geographic
region

Continental 724 (70.2) 1 (0.1) <0.1–0.8
0.514

27 (3.7) 2.5–5.4
0.518Coastal 308 (29.8) 0 (0) NA 9 (2.9) 1.3–5.5

Obstetric
history

Non-pregnant 271 (26.3) 0 (0) NA
0.706

14 (5.2) 2.9–8.5
0.106Normal pregnancy 608 (58.9) 1 (0.2) <0.1–1 20 (3.3) 2–5

Unfavorable obstetric history 153 (14.8) 0 (0) NA 2 (1.3) 0.2–4.6

NA = not applicable, CI = confidence interval.

Table 7. Simultaneous IgG seroprevalence of two TORCH pathogens.

Characteristic
Tested
N (%)

Toxoplasma gondii–
Rubella Virus IgG

Toxoplasma gondii–
Cytomegalovirus IgG

Rubella Virus–
Cytomegalovirus IgG

N (%) 95% CI p N (%) 95% CI p N (%) 95% CI p

Age group
≤20 years 16 (1.6) 4 (25.0) 7.0–52.4

0.754

2 (12.5) 1.5–38.3

0.962

7 (43.8) 19.8–79.1

0.408

21–25 years 87 (8.4) 18 (20.7) 12.7–30.7 12 (13.8) 7.3–22.9 56 (64.4) 53.4–74.4
26–30 years 300 (29.1) 59 (19.7) 15.3–24.6 44 (14.7) 10.9–19.2 185 (61.7) 55.9–67.2
31–35 years 373 (36.1) 63 (16.9) 13.2–21.1 52 (13.9) 10.6–17.9 250 (67.0) 62.0–71.8
36–40 years 213 (20.6) 36 (16.9) 12.1–22.6 28 (13.1) 8.9–18.4 137 (64.3) 57.5–70.7
>40 years 43 (4.2) 10 (23.3) 11.8–38.6 8 (18.6) 8.4–33.4 28 (65.1) 49.1–79.0

Area of residence
Urban 725 (70.3) 112 (15.4) 12.9–18.3

<0.001
85 (11.7) 9.5–14.3

<0.001
458 (63.2) 59.5–66.7

0.270Suburban/rural 307 (29.7) 78 (25.4) 20.6–30.7 61 (19.9) 15.6–24.5 205 (66.8) 61.2–72.0

Geographic region
Continental 724 (70.2) 145 (20.0) 17.2–23.1

0.04
115 (15.9) 13.3–18.8

0.014
465 (64.2) 60.6–67.7

0.986Coastal 308 (29.8) 45 (14.0) 10.9–19.1 31 (10.1) 6.9–14 198 (63.3) 58.7–69.6

Obstetric history
Non-pregnant 271 (26.3) 57 (21.0) 16.3–26.4

0.351
44 (16.2) 12.1–21.2 172 (63.5) 57.4–69.2

0.281Normal pregnancy 608 (58.9) 109 (17.9) 15–21.2 83 (13.7) 11.0–16.6 384 (63.2) 59.2–67.0
Unfavorable obstetric history 153 (14.8) 24 (15.7) 10.3–22.4 19 (12.4) 7.6–18.7 107 (69.4) 62.0–77.1

CI = confidence interval.

Simultaneous seropositivity to three TORCH pathogens (T. gondii–RUBV–CMV) was
found in 137 (13.1%; 95% CI = 11.3–15.5%) participants. Suburban/rural area of residence
and continental region were also found to be significant risk factors for the simultaneous
seropositivity (Table 8).

Table 8. Simultaneous IgG seroprevalence of three TORCH pathogens.

Characteristic
Tested
N (%)

Toxoplasma gondii–Rubella
Virus–Cytomegalovirus IgG

N (%) 95% CI p

Age group

≤20 years 16 (1.6) 2 (12.5) 1.6–38.3

0.946

21–25 years 87 (8.4) 12 (13.8) 7.3–22.9
26–30 years 300 (29.1) 42 (14.0) 10.3–18.4
31–35 years 373 (36.1) 49 (13.1) 9.9–17.0
36–40 years 213 (20.6) 25 (11.7) 7.7–16.8
>40 years 43 (4.2) 7 (16.3) 6.8–30.7



Antibodies 2024, 13, 49 8 of 16

Table 8. Cont.

Characteristic
Tested
N (%)

Toxoplasma gondii–Rubella
Virus–Cytomegalovirus IgG

N (%) 95% CI p

Area of residence
Urban 725 (70.3) 80 (11.0) 8.8–13.5

0.002Suburban/rural 307 (29.7) 57 (18.6) 14.4–23.4

Geographic region Continental 724 (70.2) 107 (14.8) 12.3–17.6
0.029Coastal 308 (29.8) 30 (9.7) 6.7–13.6

Non-pregnant 271 (26.3) 40 (14.8) 10.8–19.6
0.697Obstetric history Normal pregnancy 608 (58.9) 78 (12.8) 10.3–15.8

Unfavorable
obstetric history 153 (14.8) 19 (12.4) 7.6–18.7

CI = confidence interval.

3.4. Risk Analysis for TORCH Seropositivity

Both univariate and multivariate risk analysis showed that area of residence (OR = 1.826,
95% CI = 1.330–2.511, p < 0.001; AOR = 1.981, 95% CI = 1.334–2.931, p = 0.001) and geographic
region (OR = 1.587, 95% CI = 1.120–2.268, p = 0.011; AOR = 1.912, 95% CI = 1.217–3.012,
p = 0.005) were associated with T. gondii IgG seropositivity (Table 9). There was no
association of age, area of residence, or geographic region with RUBV or CMV IgG
seropositivity (Tables 10 and 11). Suburban/rural area of residence was associated with
HSV-1 IgG seropositivity (OR = 1.380, 95% CI = 1.032–1.847, p = 0.030; AOR = 1.421,
95% CI = 1.007–2.001, p = 0.045) (Table 12). Age was a significant risk factor for HSV-
2 IgG seropositivity. The ORs and AORs for a one-year increase in age were 1.164
(95% CI = 1.082–1.251, p < 0.001) and 1.130 (95% CI = 1.030–1.240, p = 0.010) (Table 13).

Table 9. Univariate and multivariate risk for Toxoplasma gondii IgG seropositivity.

Characteristic OR 95% CI p AOR 95% CI p

Age (one-year increase) 0.990 0.960–1.030 0.614 1.000 0.961–1.040 0.854
Suburban/rural (Ref.) vs. urban area of residence 1.826 1.330–2.511 <0.001 1.981 1.334–2.931 0.001
Continental (Ref.) vs. coastal geographic region 1.587 1.120–2.268 0.011 1.912 1.217–3.012 0.005

Unfavorable obstetric history (Ref.) vs. normal pregnancy 0.850 0.533–1.357 0.496 0.882 0.547–1.421 0.605

OR = odds ratio, AOR = adjusted odds ratio, CI = confidence interval.

Table 10. Univariate and multivariate risk for rubella virus IgG seropositivity.

Characteristic OR 95% CI p AOR 95% CI p

Age (one-year increase) 1.016 0.975–1.059 0.473 1.014 0.964–1.068 0.585
Suburban/rural (Ref.) vs. urban area of residence 0.986 0.616–1.582 0.958 1.023 0.585–1.788 0.937
Continental (Ref.) vs. coastal geographic region 1.195 0.754–1.912 0.450 1.458 0.855–2.488 0.167

Unfavorable obstetric history (Ref.) vs. normal pregnancy 1.050 0.557–1.977 0.881 1.097 0.579–2.079 0.772

OR = odds ratio, AOR = adjusted odds ratio, CI = confidence interval.

Table 11. Univariate and multivariate risk for cytomegalovirus IgG seropositivity.

Characteristic OR 95% CI p AOR 95% CI p

Age (one-year increase) 1.001 0.982–1.035 0.558 1.002 0.970–1.034 0.912
Suburban/rural (Ref.) vs. urban area of residence 1.269 0.940–1.712 0.120 1.289 0.899–1.849 0.168
Continental (Ref.) vs. coastal geographic region 0.920 0.684–1.235 0.578 0.983 0.690–1.403 0.927

Unfavorable obstetric history (Ref.) vs. normal pregnancy 1.303 0.869–1.955 0.201 1.288 0.855–1.939 0.226

OR = odds ratio, AOR = adjusted odds ratio, CI = confidence interval.
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Table 12. Univariate and multivariate risk for herpes simplex virus type 1 IgG seropositivity.

Characteristic OR 95% CI p AOR 95% CI p

Age (one-year increase) 1.016 0.990–1.042 0.231 1.009 0.978–1.040 0.588
Suburban/rural (Ref.) vs. urban area of residence 1.380 1.032–1.847 0.030 1.421 1.007–2.001 0.045
Continental (Ref.) vs. coastal geographic region 1.013 0.764–1.344 0.927 1.035 0.740–1.449 0.841

Unfavorable obstetric history (Ref.) vs. normal pregnancy 1.119 0.768–1.631 0.559 1.106 0.756–1.619 0.604

OR = odds ratio, AOR = adjusted odds ratio, CI = confidence interval.

Table 13. Univariate and multivariate risk for herpes simplex virus type 2 IgG seropositivity.

Characteristic OR 95% CI p AOR 95% CI p

Age (one-year increase) 1.164 1.082–1.251 <0.001 1.130 1.030–1.240 0.010
Suburban/rural (Ref.) vs. urban area of residence 0.781 0.363–1.680 0.527 0.939 0.333–1.651 0.906
Continental (Ref.) vs. coastal geographic region 1.287 0.598–2.771 0.519 1.695 0.553–5.181 0.356

Unfavorable obstetric history (Ref.) vs. normal pregnancy 0.389 0.900–1.684 0.207 0.394 0.900–1.724 0.216

OR = odds ratio, AOR = adjusted odds ratio, CI = confidence interval.

4. Discussion

The overall TORCH seropositivity in this study (2014–2023) was found to be 20.2%
for T. gondii, 91.3% for RUBV, 70.5% for CMV, 66.8% for HSV-1, and 3.5% for HSV-2.
All detected seroprevalence rates were lower compared to a previous Croatian study
(2005–2009) conducted in the same population group (T. gondii 29.1%, RUBV 94.6%, CMV
75.3%, HSV-1 78.7% and HSV-2 6.8%) [15]. Better living standards, improved hygiene
standards, and safer sexual contact are the possible reasons for declining trends in overall
TORCH seroprevalence.

Comparing the overall T. gondii seropositivity, the detected seroprevalence rate in
Croatia (20.2%) was similar to the seroprevalence in Italy (20.9%, Palermo, 2012–2022) [18],
Spain (21%, Albacete, 2006) [19], Poland (22.3%, 2018–2019) [20] and northern Kosovo
and Metohija (24.1%, 2011–2012) [21]. Lower seropositivity was found in Serbia (12.7%,
Belgrade, 2018–2019) [22], the United Kingdom (9.1%, Kent, 1999–2001; 17.32%, London,
2006–2008) [23,24] and in Turkey (14%, Karabük, 2008) [25], while higher seropositivity was
found in France (31.3%, 2016) [26], Germany (39.5%, 2006–2018) [20], and the Netherlands
(40.5%, 1995–1996) [27].

Seroepidemiologic studies in Romania showed regional differences in the preva-
lence of T. gondii IgG antibodies, ranging from 38.24% in Bucharest to 55.8% in western
Romania [28–34]. In addition, significant regional differences in seropositivity within
France were observed, from 19.1% in Grand Est to 35.1% in Occitanie, while the high-
est seroprevalence of 50.7% was detected in overseas departments (Guadeloupe, French
Guyana, La Réunion, Martinique and Mayotte combined) [26]. Studies from Italy showed
similar results. From 2013 to 2017, a seroprevalence study on toxoplasmosis was con-
ducted in childbearing-aged women from Siena (Tuscany, central Italy) and Bari (Apulia,
southern Italy) and pregnant women in Bari (2016–2017). The prevalence of seropositive
childbearing-aged women in Bari was significantly higher than in Siena (22.4% vs. 12.4%),
while a low prevalence (13.8%) was observed among the pregnant women tested [35].

The toxoplasma IgG seroprevalence rates differed regionally in Croatia as well, with
significantly higher seropositivity in continental (22.2%) than in coastal regions (15.3%).
Eating undercooked pork is one of the main sources of toxoplasmosis [36]. The production
and consumption of numerous traditional pork dishes in continental regions may be the
explanation for a higher toxoplasma seroprevalence than in coastal regions.

As with the decreasing seroprevalence in Croatia (29.1% seropositive women in
2005–2009 and 20.2% seropositive women in 2014–2023), toxoplasma seropositivity shows
declining trends in several countries [32,35,37]. A decreasing trend in the overall seropreva-
lence of toxoplasmosis from 25–43% to 10–20% was observed in Sweden between 1969 and
1998 in pregnant women born in the Nordic countries who resided in Stockholm [37]. In
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Romania, seropositivity declined in 10 years from 43.79% (2008–2010) to 38.81% (2015–2018)
in pregnant women residing in Timisoara [32].

Numerous studies have shown that toxoplasma seropositivity is age-related, with
higher seropositivity as age increases [19,26,38]. In contrast, no significant differences in
IgG prevalence between age groups were observed in our study, ranging from 18.8% to
25.6% with a reverse U-shaped seroprevalence curve. Seroprevalence was lowest in the age
group of 31 to 35 years. In a 2005–2009 Croatian study, these differences were significant
and showed a similar seroprevalence curve with the lowest seroprevalence in the 26- to
35-year group [15].

Our study found significantly higher toxoplasma seropositivity among residents of
suburban and rural areas (27.4%) compared to urban areas (17.1%). Significantly higher
seroprevalence in rural areas was also observed in a Romanian study (46 vs. 36%) [31],
while it was of borderline significance in a Serbian study (22.5 vs. 11.5%) [22]. In Slovakia,
women who lived in Bratislava’s surroundings had a considerably higher seropositivity
rate (63.5%) than those who lived in Bratislava (36.6%) [39]. In addition to the consumption
of pork, more frequent contact with cats, a definite host of T. gondii, in rural areas is the
probable reason for the differences in the seroprevalence rates, since cat ownership was
confirmed to be associated with toxoplasma seroprevalence [25].

A meta-analysis of RUBV prevalence in childbearing-aged and pregnant women that
included the period between 2000 and 2016 found a pooled global RUBV seropositivity
of 90.7%. When considering subpopulation groups, a seropositivity pooled estimate was
90.6% in pregnant women and 90.5% in childbearing-aged women, with no mention of
ongoing pregnancy [40]. In the Croatian childbearing-aged and pregnant women tested
in this study, the seroprevalence of RUBV was 91.3%, which is lower than the 94.6%
in 2005–2009 [15]. Other European countries showed a seropositivity rate of 93.6% in
Ireland [41], 94.4% in Norway [42], 93.4–97.7% in Spain [43–45], and 95.8% in Sweden [46].
In the United Kingdom, seroprevalence in Liverpool was lower (93.7%) than average for
the northwestern region (96.3%) [47]. Italian studies showed lower seropositivity rates of
85.8% in Messina (2006–2007) [48], 88.6% in Tuscany and 84.3% in Apulia (2014–2016) [49]
and 81.2% in Palermo (2012–2022) [18]. Similar seroprevalence of 83.5% was also found in
Portugal [50]. Although data on the rubella vaccination status of the participants included
in this study were not available, data on measles–mumps–rubella (MMR) vaccine coverage
in Croatia from the Reference Center for Epidemiology, Croatian Institute of Public Health
showed a decline in the past decade. MMR primo vaccination and revaccination rates in
2013 and 2023 were 93.9/97.1% and 90.1/90.1%, respectively, which impacted the lower
seroprevalence rate detected in childbearing-aged women tested in this study.

In Romania, 94.1% of fertile women tested from 2008 to 2010 were rubella IgG-
seropositive, while seropositivity was lower (91.5%) in those tested from 2015 to 2018 [51].
A decline in RUBV seropositivity in Croatia is a result of a decrease in immunization
coverage, which was also observed in Serbia (92.9% seropositive) [52].

In our study, no significant differences were observed in RUBV seropositivity between
age groups (81.3–95.4%), area of residence, geographic region, or obstetric history. Similarly,
seroprevalence was stable in different age groups in Romania. In addition, there was
no significant difference in seroprevalence among urban and rural populations [51]. In
contrast, the highest proportion of seronegative women was found in the youngest age
group (15–20 years, 18.7%) compared to 1.9% in the 30- to 35-year age group in north-
west England [47]. Similarly, the proportion of RUBV-seronegative women declined with
increasing maternal age in Spain [53].

The European studies showed widely differing levels of immunity to CMV in childbearing-
aged women. Compared to the seroprevalence of 70.5% observed in our study, very high
CMV seropositivity was found in Bosnia and Herzegovina (93%) [54], moderate seroposi-
tivity in Italy (70.8%) [55] and Western Europe (73.2%) [56], and lower seroprevalence in
the United Kingdom (49%) [57], France (45.6%) [58], Germany (42.3–45.2%) [59,60], and
Norway (62.8%) [42]. Studies from Poland showed CMV seroprevalence rates of 76.7% [61]
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and 62.4%, respectively [62]. Very low seropositivity of 30.4% was found in pregnant Irish
women [63].

Similar to decreasing trends in other TORCH pathogens, CMV seroprevalence has also
decreased in many European countries. A cross-sectional study conducted in Finland at
three time points (1992, 2002, and 2012) showed that seroprevalence decreased significantly
from 84.5% to 71.5% over 20 years [64]. Our results also showed a decline in CMV IgG
seropositivity. In a previous Croatian study (2005–2009), 78.7% of childbearing-aged
women were CMV-seropositive [15] compared to 70.5% in this study. Romania found stable
seropositivity rates of 93.68% and 94.96% in 2013–2016 and 2019–2022, respectively, in
southwestern regions [65] and a decrease from 94.6% (2008–2010) to 91.80% (2015–2018) in
the western region [66].

In our study, no significant differences in CMV IgG seropositivity were observed
among age groups, although seroprevalence rates were lower in groups aged up to 25 years
(62.5% and 66.7%, respectively) compared to groups aged above 26 years (69.7–72.4%).
Stable but higher seroprevalence rates were also found in Croatia in 2005–2009 [15]. Sim-
ilarly, no significant differences in seropositivity by age group were found in Italy [55].
In addition, no correlation between seroprevalence and maternal age was observed in
one Polish study [61]. However, in another study from Poland, seroprevalence differed
significantly between age-stratified groups, with the highest IgG prevalence in women
above 36 years of age (76.2%) compared to 58.5–66.0% in younger women [62]. Moreover,
in the United Kingdom, a significant increase in CMV seroprevalence was observed with
maternal age from 50.9% to 75.5% [57].

In contrast to Romanian studies, which found higher CMV seropositivity in pregnant
women residing in rural areas [65,66], our study found no difference in seroprevalence
between residents of suburban/rural and urban areas (73.9% vs. 69.1%).

Like other TORCH pathogens, the reported HSV seroprevalence rates were hetero-
geneous within Europe. In our study, HSV-1 and HSV-2 seroprevalence was 66.8% and
3.5%, respectively. HSV-1 seropositivity was found to be 79.4% in Switzerland [67], 88% in
Estonia [68], 88.2% in France [69], 91.2% in Italy [70], and 94.7% in Turkey [71]. In Finland,
HSV-1 seropositivity varied in different studies, ranging from 46.8% [72] to 69.5% [64].
HSV-2 seroprevalence was high in Estonia (24%) [68], Switzerland (21.2%) [67], and lower
in Italy (9.9%) [70] and Turkey (8.2%) [71]. Both HSV-1 and HSV-2 seroprevalence differed
between regions in the Netherlands due to the multiethnic composition of the population.
Seroprevalence rates were 61% and 11% in Nijmegen, 73% and 35% in Amsterdam, and
75% and 27% in Rotterdam [73].

Our study found no difference in either HSV-1 or HSV-2 IgG seroprevalence among
residents of continental and coastal regions. However, higher HSV-1 seropositivity was
observed in women from suburban/rural areas (71.7%) than women from urban areas
(64.7%). The higher HSV-1 seroprevalence in rural areas could be attributed to the lifestyle of
the rural population, typically living in large households with many children and relatives.
Since primary infections mainly occur in preschool- and school-aged children, close contact
with these cohorts is associated with an increased risk of HSV-1 transmission [2].

Our study showed a significant increase in HSV-2 seropositivity with age. All women
aged less than 25 years were HSV-2 IgG-seronegative, while a progressive increase in
seroprevalence was observed starting with the 26- to 30-year age group, from 1.7 to 9.3%.
Higher seropositivity in older groups reflects longer and cumulative exposure to the virus.
Similar to our results, an increase in HSV-2 seropositivity with age was observed in many
studies [67,72,74]. No association of HSV-2 seroprevalence with age was found in Romania,
with peak seroprevalence (18.3%) between 30 and 34 years of age and a slight decrease
thereafter [75].

While obstetric history was not associated with HSV-1 or HSV-2 seroprevalence in
Croatian childbearing-aged or pregnant women, a history of abortion was associated with
HSV-2 seropositivity in German and Hungarian studies [76,77].
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A Romanian study analyzed the simultaneous seroprevalence of TORCH pathogens
in childbearing-aged women. Similar to each TORCH pathogen, the proportion of women
simultaneously IgG-seropositive decreased over time: T. gondii–CMV 41.4% vs. 36.1%,
T. gondii–RUBV 41.8% vs. 35.7%, CMV–RUBV 88.9% vs. 83.6%, and T. gondii–CMV–RUBV
39.6% vs. 33.2% [78]. Simultaneous seropositivity to two or three TORCH pathogens in
participants included in our study was generally low (T. gondii–RUBV 18.4%, T. gondii–CMV
14.1%, T. gondii–RUBV–CMV 13.1%) and moderate for RUBV–CMV (64.2%). In a previous
Croatian study, simultaneous seropositivity was not analyzed; therefore, it was not possible
to compare seroprevalence trends over time. When comparing women from urban and
suburban–rural areas, simultaneous seroprevalence was higher in suburban and rural
regions, which is in line with the results from Romania [78].

One recently published study analyzed the impact of latent CMV infections on sponta-
neous abortion history and pregnancy outcomes. In healthy women, latent CMV infection
does not affect the risk of complications, while borderline-significant higher prevalence of
miscarriage history was observed in women with latent CMV infection [79]. Furthermore,
the observed differences between the rate of pregnancy complications in groups of pregnant
women with and without latent T. gondii infection were not significant [30]. In our study,
data on pregnancy complications and outcomes were not available, which is one of the
limitations of the study.

In addition, a limitation of this study that needs to be addressed is the small number of
participants in the youngest (≤25 years) and oldest (>40 years) age groups, which should
be considered when interpreting the results.

5. Conclusions

Based on the decline in seroprevalence rates observed in many European countries, a
similar trend was expected in Croatia. The results of this study confirmed this hypothesis,
showing a decrease in TORCH-seroprevalence rates in Croatian childbearing-aged women
in 2014–2023 compared to 2005–2009.

Information on TORCH serostatus in childbearing-aged women is important to define
seronegative women who are at risk of primary infections during pregnancy. Although
cases of rubella reinfections in previously vaccinated seropositive women during pregnancy
are reported in the literature, CRS is rarely recorded [80,81]. In addition, CMV reactivation
or reinfection during pregnancy can lead to transient viremia and fetal infection, but
such infections tend to be less severe and newborns are usually asymptomatic [82,83].
Congenital toxoplasmosis as a result of reinfection in immunocompetent pregnant women
or reactivation in pregnant women with altered immune status is exceptional [84]. Since
rubella is a vaccine-preventable disease, serological testing of childbearing-aged women is
encouraged with the aim of vaccinating seronegative individuals before pregnancy.

The results of our study also impact other population groups, especially the immuno-
compromised, who are at risk of toxoplasmosis, HSV, and CMV infection. Similarly to the
observed declining seroprevalence in childbearing-aged women, decreasing seroprevalence
and increased susceptibility to infections probably occur in this population, which should
be kept in mind. Therefore, the present results also highlight the need to monitor these
pathogens in other high-risk population groups as well.
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62. Wujcicka, W.; Gaj, Z.; Wilczyński, J.; Sobala, W.; Spiewak, E.; Nowakowska, D. Impact of socioeconomic risk factors on the
seroprevalence of cytomegalovirus infections in a cohort of pregnant Polish women between 2010 and 2011. Eur. J. Clin. Microbiol.
Infect. Dis. 2014, 33, 1951–1958. [CrossRef]

63. Knowles, S.J.; Grundy, K.; Cahill, I.; Cafferkey, M.T.; Geary, M. Low cytomegalovirus sero-prevalence in Irish pregnant women.
Ir. Med. J. 2005, 98, 210–212.

64. Puhakka, L.; Sarvikivi, E.; Lappalainen, M.; Surcel, H.M.; Saxen, H. Decrease in seroprevalence for herpesviruses among pregnant
women in Finland: Cross-sectional study of three time points 1992, 2002 and 2012. Infect. Dis. 2016, 48, 406–410. [CrossRef]
[PubMed]

65. Radoi, C.L.; Zlatian, O.; Balasoiu, M.; Dragomir, T.-L.; Sorop, M.I.; Bagiu, I.C.; Boeriu, E.; Susan, M.; Sorop, B.; Oprisoni, L.A.; et al.
Seroprevalence of Anti-Cytomegalovirus Antibodies in Pregnant Women from South-West Romania. Microorganisms 2024, 12, 268.
[CrossRef] [PubMed]

66. Gorun, F.; Motoi, S.; Malita, D.; Navolan, D.B.; Nemescu, D.; Olariu, T.R.; Craina, M.; Vilibic-Cavlek, T.; Ciohat, I.; Boda, D.; et al.
Cytomegalovirus seroprevalence in pregnant women in the western region of Romania: A large-scale study. Exp. Ther. Med. 2020,
20, 2439–2443. [CrossRef] [PubMed]

67. Kucera, P.; Gerber, S.; Marques-Vidal, P.; Meylan, P.R. Seroepidemiology of herpes simplex virus type 1 and 2 in pregnant women
in Switzerland: An obstetric clinic based study. Eur. J. Obstet. Gynecol. Reprod. Biol. 2012, 160, 13–17. [CrossRef] [PubMed]

68. Uusküla, A.; Nygard-Kibur, M.; Cowan, F.M.; Mayaud, P.; French, R.S.; Robinson, J.N.; Brown, D.W. The burden of infection
with herpes simplex virus type 1 and type 2: Seroprevalence study in Estonia. Scand. J. Infect. Dis. 2004, 36, 727–732. [CrossRef]
[PubMed]

69. LeGoff, J.; Saussereau, E.; Boulanger, M.C.; Chemin, C.; Si-Mohamed, A.; Bélec, L.; Maisonneuve, L. Unexpected high prevalence
of herpes simplex virus (HSV) type 2 seropositivity and HSV genital shedding in pregnant women living in an East Parissuburban
area. Int. J. STD AIDS 2007, 18, 593–595. [CrossRef]

70. Marchi, S.; Trombetta, C.M.; Gasparini, R.; Temperton, N.; Montomoli, E. Epidemiology of herpes simplex virus type 1 and 2 in
Italy: A seroprevalence study from 2000 to 2014. J. Prev. Med. Hyg. 2017, 58, E27–E33. [PubMed]

https://doi.org/10.1093/pubmed/fdv033
https://doi.org/10.1016/j.ijgo.2011.10.029
https://doi.org/10.1080/21645515.2019.1688041
https://doi.org/10.1016/j.vaccine.2006.06.062
https://doi.org/10.3390/vaccines9020104
https://doi.org/10.1371/journal.pone.0227413
https://doi.org/10.1016/j.vaccine.2015.02.043
https://doi.org/10.5455/medarh.2019.73.149-153
https://www.ncbi.nlm.nih.gov/pubmed/31404123
https://doi.org/10.15167/2421-4248/jpmh2021.62.2.1800
https://www.ncbi.nlm.nih.gov/pubmed/34604575
https://doi.org/10.1371/journal.pone.0145470
https://www.ncbi.nlm.nih.gov/pubmed/26693714
https://doi.org/10.1371/journal.pone.0081881
https://www.ncbi.nlm.nih.gov/pubmed/24312372
https://doi.org/10.1017/S0950268817000103
https://www.ncbi.nlm.nih.gov/pubmed/28166842
https://doi.org/10.1007/s00430-012-0232-7
https://www.ncbi.nlm.nih.gov/pubmed/22398714
https://doi.org/10.1186/s12884-023-05612-7
https://www.ncbi.nlm.nih.gov/pubmed/37118680
https://www.ncbi.nlm.nih.gov/pubmed/22708329
https://doi.org/10.1007/s10096-014-2170-3
https://doi.org/10.3109/23744235.2015.1123290
https://www.ncbi.nlm.nih.gov/pubmed/26654892
https://doi.org/10.3390/microorganisms12020268
https://www.ncbi.nlm.nih.gov/pubmed/38399672
https://doi.org/10.3892/etm.2020.8945
https://www.ncbi.nlm.nih.gov/pubmed/32765730
https://doi.org/10.1016/j.ejogrb.2011.09.030
https://www.ncbi.nlm.nih.gov/pubmed/21982938
https://doi.org/10.1080/00365540410020992
https://www.ncbi.nlm.nih.gov/pubmed/16191901
https://doi.org/10.1258/095646207781568457
https://www.ncbi.nlm.nih.gov/pubmed/28515628


Antibodies 2024, 13, 49 16 of 16

71. Ozdemir, R.; Er, H.; Baran, N.; Vural, A.; Demirci, M. HSV-1 and HSV-2 seropositivity rates in pregnant women admitted to Izmir
Ataturk Research and Training Hospital, Turkey. Mikrobiyol. Bul. 2009, 43, 709–711. [PubMed]

72. Alanen, A.; Kahala, K.; Vahlberg, T.; Koskela, P.; Vainionpää, R. Seroprevalence, incidence of prenatal infections and reliability of
maternal history of varicella zoster virus, cytomegalovirus, herpes simplex virus and parvovirus B19 infection in South West-ern
Finland. BJOG 2005, 112, 50–56. [CrossRef]

73. Gaytant, M.A.; Steegers, E.A.; van Laere, M.; Semmekrot, B.A.; Groen, J.; Weel, J.F.; van der Meijden, W.I.; Boer, K.; Galama, J.M.
Seroprevalences of herpes simplex virus type 1 and type 2 among pregnant women in the Netherlands. Sex Transm. Dis. 2002, 29,
710–714. [CrossRef]

74. Patton, M.E.; Bernstein, K.; Liu, G.; Zaidi, A.; Markowitz, L.E. Seroprevalence of Herpes Simplex Virus Types 1 and 2 Among
Pregnant Women and Sexually Active, Nonpregnant Women in the United States. Clin. Infect. Dis. 2018, 67, 1535–1542. [CrossRef]
[PubMed]

75. Arama, V.; Vladareanu, R.; Mihailescu, R.; Streinu Cercel, A.; Mihai, C.; Hristea, A.; Iosipenco, M.; Stefan Arama, S.; Rabilloud, M.
Seroprevalence and Risk Factors Associated with Herpes Simplex Virus Infection among Pregnant Women. J. Perinat. Med. 2008,
36, 206–212. [CrossRef] [PubMed]

76. Korr, G.; Thamm, M.; Czogiel, I.; Poethko-Mueller, C.; Bremer, V.; Jansen, K. Decreasing seroprevalence of herpes simplex virus
type 1 and type 2 in Germany leaves many people susceptible to genital infection: Time to raise awareness and enhance control.
BMC Infect. Dis. 2017, 17, 471. [CrossRef]

77. Hettmann, A.; Gerle, B.; Barcsay, E.; Csiszár, C.; Takács, M. Seroprevalence of HSV-2 in Hungary and comparison of the HSV-2
prevalence of pregnant and infertile women. Acta Microbiol. Immunol. Hung. 2008, 55, 429–436. [CrossRef] [PubMed]

78. Mocanu, A.G.; Gorun, F.; Ciohat, I.; Navolan, D.; Malita, D.; Vilibic-Cavlek, T.; Dahma, G.; Neamtu, R.; Popescu, D.; Cioca,
A.; et al. Simultaneous Seroprevalence to Toxoplasma gondii, Cytomegalovirus and Rubella Virus in Childbearing Women from
Western Romania. Medicina 2021, 57, 927. [CrossRef] [PubMed]

79. Mocanu, A.G.; Stoian, D.L.; Daescu, A.M.; Motofelea, A.C.; Ciohat, I.M.; Navolan, D.B.; Vilibic-Cavlek, T.; Bogdanic, M.; Nemescu,
D.; Tomescu, L.; et al. The Impact of Latent Cytomegalovirus Infection on Spontaneous Abortion History and Pregnancy
Outcomes in Romanian Pregnant Women. Microorganisms 2024, 12, 731. [CrossRef] [PubMed]

80. Aboudy, Y.; Fogel, A.; Barnea, B.; Mendelson, E.; Yosef, L.; Frank, T.; Shalev, E. Subclinical rubella reinfection during pregnancy
followed by transmission of virus to the fetus. J. Infect 1997, 34, 273–276. [CrossRef]

81. Bullens, D.; Smets, K.; Vanhaesebrouck, P. Congenital rubella syndrome after maternal reinfection. Clin. Pediatr. 2000, 39, 113–116.
[CrossRef] [PubMed]

82. Carlson, A.; Norwitz, E.R.; Stiller, R.J. Cytomegalovirus infection in pregnancy: Should all women be screened? Rev. Obstet.
Gynecol. 2010, 3, 172–179.

83. Ciobanu, A.M.; Gica, N.; Gica, C.; Botezatu, R.; Furtuna, M.; Peltecu, G.; Panaitescu, A.M. Cytomegalovirus Infection in
Pregnancy—Counselling Challenges in the Setting of Generalised Testing. Maedica 2020, 15, 253–257. [CrossRef]

84. Elbez-Rubinstein, A.; Ajzenberg, D.; Dardé, M.L.; Cohen, R.; Dumètre, A.; Year, H.; Gondon, E.; Janaud, J.C.; Thulliez, P. Congenital
toxoplasmosis and reinfection during pregnancy: Case report, strain characterization, experimental model of reinfection, and
review. J. Infect. Dis. 2009, 199, 280–285. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://www.ncbi.nlm.nih.gov/pubmed/20084927
https://doi.org/10.1111/j.1471-0528.2004.00320.x
https://doi.org/10.1097/00007435-200211000-00015
https://doi.org/10.1093/cid/ciy318
https://www.ncbi.nlm.nih.gov/pubmed/29668856
https://doi.org/10.1515/JPM.2008.046
https://www.ncbi.nlm.nih.gov/pubmed/18576929
https://doi.org/10.1186/s12879-017-2527-1
https://doi.org/10.1556/AMicr.55.2008.4.7
https://www.ncbi.nlm.nih.gov/pubmed/19130750
https://doi.org/10.3390/medicina57090927
https://www.ncbi.nlm.nih.gov/pubmed/34577850
https://doi.org/10.3390/microorganisms12040731
https://www.ncbi.nlm.nih.gov/pubmed/38674675
https://doi.org/10.1016/s0163-4453(97)94507-2
https://doi.org/10.1177/000992280003900207
https://www.ncbi.nlm.nih.gov/pubmed/10696549
https://doi.org/10.26574/maedica.2020.15.2.253
https://doi.org/10.1086/595793

	Introduction 
	Materials and Methods 
	Study Participants 
	Methods 
	Statistical Analysis 

	Results 
	Characteristics of Study Participants 
	TORCH Seroprevalence 
	Simultaneous TORCH Seroprevalence 
	Risk Analysis for TORCH Seropositivity 

	Discussion 
	Conclusions 
	References

