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Abstract: Background and Objectives: Seroepidemiological studies indicate that parvovirus B19 circu-
lates in all areas of the world, although with some differences. The aim of this study is to analyze
the seroprevalence of parvovirus B19 in the Croatian population. Materials and Methods: From 2010
to 2021, 1538 serum samples from different populations were tested for the presence of parvovirus
B19 IgM/IgG antibodies. Serological tests were performed using a commercial enzyme-linked
immunosorbent assay. Results: IgG antibodies were detected in 986/64.1% of participants with
differences (p < 0.001) among the following population groups: 42.4% of children and adolescents,
67.1% of the adult general population, 66.7% of hemodialysis patients, and 65.6% of liver transplant
recipients. Seroprevalence increased with age, from 30.0% in the 6 months–9 years age group to
69.0% in the 40–49 years age group, and remained stable thereafter (68.8–73.3%). There was no
difference in the seropositivity among males (66.1%) and females (63.1%), as well as the place of
residence (suburban/rural 63.9%, urban 64.1%). IgM antibodies (current/recent infection) were
found in 61/4.0% of participants with the highest seropositivity in the youngest age group (11.1%).
In pregnant women, seroprevalence was higher in women with an unfavorable obstetric history
compared with a normal pregnancy (IgG 71.0% vs. 62.6%; IgM 6.5% vs. 2.4%), but these differences
were not significant. Logistic regression showed that the adult population had almost three times
higher risk of IgG seropositivity compared to children/adolescents (general population OR = 2.777,
95% CI = 2.023–3.812; hemodialysis patients OR = 2.586, 95% CI = 1.531–4.367; and transplant patients
OR = 2.717, 95% CI = 1.604–4.603). A one-year increase in age increased the risk of IgG seropreva-
lence (OR = 1.017; 95% CI = 1.011–1.022). Conclusions: Older age was the main risk factor for IgG
seropositivity. Hemodialysis and organ transplantation seem unrelated to the increased parvovirus
B19 seroprevalence. The role of parvovirus B19 in the etiology of TORCH infections needs to be
studied further.

Keywords: parvovirus B19; seroprevalence; Croatia; pregnancy; hemodialysis; transplant

1. Introduction

Parvovirus B19 is a common viral pathogen with a worldwide distribution. It is
a small, non-enveloped virus with a linear, single-stranded DNA genome that belongs
to the Erythroparvovirus genus of the family Parvoviridae. The capsid consists of 60 viral
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proteins (VP): VP2 constitutes about 95% of the viral capsid proteins, while VP1 constitutes
about 5%. The primary receptor for parvovirus B19 is globoside or the P antigen, while
various other co-receptors are presumed to be involved in the viral entry. The replication
takes place in the nucleus of the infected cells. Parvovirus B19 mainly infects human
erythroid progenitor cells; however, recent clinical studies indicate that the virus also
infects nonerythroid lineage cells and can be associated with different disease outcomes [1].

Seroprevalence studies indicate that the virus circulates in all areas of the world,
although with some differences. Seasonal outbreaks occur every 3–5 years. In the general
adult population, seroprevalence rates vary from 29% to 72% [2–6]. Most individuals
with parvovirus B19 infections are asymptomatic or have mild, non-specific symptoms.
However, different clinical conditions are associated with the infection, such as erythema
infectiosum; arthropathy; transient aplastic crisis; chronic red cell aplasia; and papular,
purpuric eruptions on the hands and feet (“gloves and socks” syndrome) [7,8].

In childhood, parvovirus B19 causes erythema infectiosum (“fifth disease”), a febrile
disease with a rash, while, in adults, infection is more commonly presented as a non-
specific febrile illness. Arthralgia is more common in adolescents and adults, affecting up
to 60% of persons [7]. In addition, parvovirus B19 may be responsible for transient aplastic
crises in patients with sickle cell anemia and spherocytosis, as well as for prolonged
anemia in immunocompromised people [9,10]. Furthermore, anemia was reported in
99% of solid-organ transplant recipients with the parvovirus B19 infection. Hepatitis,
myocarditis, and pneumonitis were also reported in association with parvovirus B19
in immunocompromised populations [11,12]. Furthermore, parvovirus B19 infections
associated with acute myocarditis leading to heart failure has been addressed in a single
case report [13].

Acute parvovirus B19 infection in pregnant women is an important cause of fetal
morbidity. The estimated risk of transplacental infection is 17–33% [14]. There does not
appear to be any evidence that the parvovirus B19 infection increases the risk of congenital
anomalies; however, fetal anemia and hydrops are reported after maternal infection during
pregnancy [15].

In Croatia, there are no data on the prevalence of parvovirus B19. The aim of the
present study was to analyze the seroprevalence and possible risk factors for parvovirus
B19 infection in different population groups.

2. Materials and Methods

During an 11-year period (2010–2021), a total of 1538 consecutive serum samples from
Croatian residents were tested for the presence of parvovirus B19 IgM and IgG antibodies at
the Croatian Institute of Public Health, the largest public health institute in the country. In
the tested group, there were 502 (32.7%) males and 1036 (67.3%) females aged from 1 month
to 87 years. The study included different population groups: children and adolescents
(<18 years; N = 184), the general adult population (>18 years; N = 1174), patients on
hemodialysis (N = 90), and liver transplant recipients (N = 90). Pregnant women (N = 304)
were further separated in a subgroup with normal pregnancy (N = 211) and unfavorable
obstetric history (previous spontaneous abortions, infertility, and sterility) (N = 93).

Serologic tests were performed using a commercial enzyme-linked immunosorbent
assay (ELISA; Euroimmun, Lübeck, Germany). The results were interpreted according
to the manufacturer’s recommendations, as follows: IgM ratio < 0.8 negative; 8.8–1.1
borderline; >1.1 positive; IgG RU/mL < 4 negative; 4–5.5 borderline and >5.5 positive.

Statistical Analysis

The frequencies are presented with 95% confidence intervals (CI). The differences
between groups were tested using Fischer’s exact test. The strength of the association be-
tween dependent and independent variables was assessed using logistic regression. Due to
mother-to-child passive immunity, the youngest age group (<6 months) was excluded from
the logistic regression model. For statistical analysis, the software package STATA/IC ver
11.2 (StataCorp LP, College Station, TX, USA) was used. The level of statistical significance
was α = 0.05.
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3. Results
3.1. Parvovirus B19 IgM and IgG Testing

The results of serology testing are presented in Tables 1 and 2.

Table 1. Prevalence of parvovirus B19 IgG antibodies.

Characteristic N Tested (%) N IgG Positive (%) 95% CI p

Population group

Children and adolescents
(<18 years) 184 (12.0) 78 (42.2) 35.2–49.9

< 0.001Adult general population 1175 (76.4) 789 (67.1) 64.4–69.8
Hemodialysis patients 90 (5.8) 59 (65.6) 54.8–75.3

Transplant patients 90 (5.8) 60 (66.7) 55.9–76.3

Gender
Male 503 (32.7) 332 (66.1) 61.7–70.1

0.282Female 1036 (67.3) 654 (63.1) 60.1–66.1

Age group

<6 months 23 (1.5) 15 (65.2) 42.7–83.6

< 0.001

≥6 months–9 years 90 (5.9) 27 (30.0) 20.8–40.6
10–19 years 90 (5.9) 47 (52.2) 41.4–62.9
20–29 years 222 (14.4) 140 (63.1) 56.3–69.4
30–39 years 410 (26.6) 265 (64.6) 59.8–69.3
40–49 years 226 (14.7) 156 (69.0) 62.6–75.0
50–59 years 246 (16.0) 170 (69.1) 62.6–74.5
60–69 years 146 (9.5) 107 (73.3) 65.3–80.3
70 + years 85 (5.5) 59 (69.4) 58.4–79.0

Area of residence
Urban 1272 (64.1) 816 (64.1) 61.4–66.8

0.944Suburban/rural 266 (35.9) 170 (63.9) 57.8–69.7

Pregnant women Normal pregnancy 211 (69.4) 132 (62.6) 55.7–69.1
0.192Unfavorable obstetric history 93 (30.6) 66 (71.0) 60.6–79.9

All participants 1538 986 (64.1) 61.6–66.5

Table 2. Prevalence of parvovirus B19 IgM antibodies.

Characteristic N Tested (%) N IgM Positive (%) 95% CI p

Population group

Children and adolescents
(<18 years) 184 (12.0) 18 (9.8) 5.9–15.0

<0.001Adult general population 1175 (76.4) 42 (3.6) 2.6–4.8
Hemodialysis patients 90 (5.8) 1 (1.1) 0.1–6.1

Transplant patients 90 (5.8) 0 (0.0) 0.0–4.0 *

Gender
Male 503 (32.7) 45 (4.3) 3.2–5.8

0.330Female 1036 (67.3) 16 (3.2) 1.8–5.1

Age group

<6 months 23 (1.5) 0 (0.0) 0.0–14.8 *

<0.001

≥6 months–9 years 90 (5.9) 10 (11.1) 5.5–19.5
10–19 years 90 (5.9) 8 (8.9) 3.9–16.8
20–29 years 222 (14.4) 12 (5.4) 2.8–9.3
30–39 years 410 (26.6) 20 (4.9) 3.0–7.4
40–49 years 226 (14.7) 7 (3.1) 1.3–6.3
50–59 years 246 (16.0) 3 (1.2) 0.3–3.5
60–69 years 146 (9.5) 0 (0.0) 0.0–2.5 *
70 + years 85 (5.5) 1 (1.2) 0.1–6.4

Area of residence
Urban 1272 (64.1) 44 (3.5) 2.5–4.6

0.036Suburban/rural 266 (35.9) 17 (6.4) 3.8–10.0

Pregnant women Normal pregnancy 211 (69.4) 5 (2.4) 0.1–5.4
0.098Unfavorable obstetric history 93 (30.6) 6 (6.5) 2.4–13.5

All participants 1538 61 (4.0) 3.0–5.1

* One-sided 97.5% confidence interval.
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Parvovirus B19 IgG antibodies were detected in 986 (64.1%) participants. The seropos-
itivity differed significantly (p < 0.001) among population groups: children and adolescents
(42.4%); the general adult population (67.1%); hemodialysis patients (66.7%); and liver
transplant recipients (65.6%). According to age, 65.2% of children less than 6 months old
were parvovirus B19 IgG seropositive, due to transplacentally derived maternal antibodies.
IgG seroprevalence increased steadily, from 30.0% in the 6 months–9 years age group to
69.0% in the 40–49 years age group, and remained stable thereafter (68.8–73.3%). There
was no difference in the seropositivity among males and females (66.1% and 63.1%, respec-
tively). In addition, no difference was observed among residents in suburban/rural areas
(63.9%) and residents in urban areas (64.1%).

Parvovirus B19 IgM antibodies (current/recent infection) were found in 61 (4.0%)
participants (Table 2). Acute infections were detected in all age groups; however, the
highest IgM seropositivity was found in the age group > 6 months–9 years (11.1%), with a
continuous decline with age to 1.2% in the age group 50–59 years and older participants
(p < 0.001). The prevalence of acute infections did not differ between males (4.3%) and
females (3.2%).

In a group of pregnant women, both IgG (71.0% vs. 62.6%) and IgM (6.5% vs. 2.4%)
seroprevalence was higher in women with an unfavorable obstetric history compared with
normal pregnancy, but these differences were not statistically significant (IgG p = 0.192;
IgM p = 0.098).

3.2. Risk Analysis for Parvovirus B19 Seropositivity

The results of logistic regression (Table 3) showed that the adult population had
almost 3 times higher risk of IgG seropositivity (general population OR = 2.777, 95%
CI = 2.023–3.812; hemodialysis patients OR = 2.586, 95% CI = 1.531–4.367; transplant pa-
tients OR = 2.717, 95% CI = 1.604–4.603) compared to children and adolescents. A 1-year
increase in age increased the risk of IgG seroprevalence (OR = 1.017; 95% CI = 1.011–1.022).
Gender and the area of residence were not associated with parvovirus B19 IgG seropreva-
lence.

Table 3. Logistic regression risk analysis for the parvovirus B19 IgG seropositivity.

Characteristic OR IgG 95% CI

Female (Ref.) vs. male gender 0.725 0.405–1.295
Age (one-year increase) 1.017 1.011–1.022 *

Urban (Ref.) vs. suburban/rural area of residence 1.001 0.759–1.319
Children and adolescents (<18 years) Ref.

Adult general population 2.777 2.023–3.812 *
Hemodialysis patients 2.586 1.531–4.367 *

Transplant patients 2.717 1.604–4.603 *
Women with unfavorable obstetric history (Ref.) vs. normal

pregnancy 1.462 0.863–2.479

* Statistically significant.

Compared to children and adolescents, adults were less likely to be IgM positive (acute
infections): the adult general population OR = 0.342, 95% CI = 0.192–0.607; hemodialysis
patients OR = 0.104, 95% CI = 0.013–0.798. In addition, residents of urban areas showed a
lower risk of IgM positivity compared to residents of suburban/rural areas (OR = 0.509,
95% CI = 0.285–0.907) (Table 4).
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Table 4. Logistic regression risk analysis for the parvovirus B19 IgM seropositivity.

Characteristic OR IgM 95% CI

Female (Ref.) vs. male gender 0.725 0.405–1.295
Age (one-year increase) 0.964 0.951–0.978 *

Urban (Ref.) vs. suburban/rural area of residence 0.509 0.285–0.907 *
Children and adolescents (<18 years) Ref.

Adult general population 0.341 0.192–0.607 *
Hemodialysis patients 0.104 0.013–0.798 *

Transplant patients NA NA
Women with unfavorable obstetric history (Ref.) vs. normal

pregnancy 2.841 0.844–9.997

* Statistically significant; NA = not applicable.

4. Discussion

In this study, which is the first seroepidemiological study on parvovirus B19 in Croatia,
the overall seroprevalence was 64.1%. Similar seroprevalence rates were reported in the
Netherlands (61%) [16], Israel (61.4%) [4], Brazil (62.8%) [17], and Germany, in the Frankfurt
am Main area (62.9%) [18]. Higher seropositivity (72.1%) was found in the German National
Health Survey conducted in former Eastern and Western Germany [5] and in Iran (Tehran
City, 86.6%) [19]. Lower seroprevalence rates were documented in the general Polish
population (52.9%) [20] as well as in England and Wales (56.3%) [21], while a very low
seroprevalence was detected both in children and adults (20.7% and 36%, respectively) in
Central Anatolia, Turkey [2].

Parvovirus B19 IgG seroprevalence increased significantly with age in the Croatian
cohort population, with 52.2% seropositive persons at the age of 19 years. Gradually rising
seroprevalence rates of up to 69.0% were observed in 40–49-year-olds; subsequently, sero-
prevalence rates remained stable (69.1–73.3%). A similar age-related seroprevalence was
found in Poland. The first peak of seropositive persons was observed in pre-school children
with the proportion of seropositive patients achieving 65.5% among 15–19-year-olds and
81.2% among 40–49-year-olds [20]. In addition, a gradual increase in the seroprevalence
was observed in the German population, with seropositivity of 71% in adults aged from 20
to >60 years [18]. In England and Wales, seroprevalence increased nonlinearly with age [21]
whereas, in the Netherlands, no positive correlation with increasing age, nor significant
differences between age groups, were found in the urban adult Amsterdam population [16].
In countries with a high overall seropositivity, such as Iran, 79.3% of 5–9-year-old children
showed IgG antibodies with an increase to 93.5% in young adults (20–25 years), indicating
the earlier transmission of parvovirus B19 [19]. The IgG seropositivity of 65.2% found in
the sera of newborn infants in this study reflects the maternal antibody status.

In this study, no difference was found in the IgG seropositivity between males (66.1%)
and females (63.1%). No gender differences in the parvovirus B19 seroprevalence rates were
found in several other studies (Turkey, Israel, and Poland) [2,4,20]. However, significantly
higher seropositivity in women compared to men (42.0% vs. 36.2%) was found in another
Turkish study [22]. Similarly, in a German study, differences were observed between
females (73.3%) and males (70.9%) [5].

Some studies showed difference in the parvovirus B19 seroprevalence, according to
the area of residence. A higher level of seropositivity among residents in urban areas
compared to rural areas was found in Iran (88% vs. 84.3%) [19]. In contrast, in Germany,
the inhabitants of small cities were more often seropositive (74.8%) than the inhabitants of
big cities (69.0%) [5]. Our study found no differences in the IgG seroprevalence regarding
the area of residence (suburban/rural areas 63.9%; urban areas 64.1%).

Few studies analyzed the seroprevalence of parvovirus B19 in hemodialysis patients,
mainly from the Middle East. Chronic anemia is a common problem in hemodialysis
patients that require blood transfusion. Our results found no difference in the seropositivity
in hemodialysis patients (65.6%) compared to the general adult population (67.1%), suggest-
ing no increased risk of parvovirus B19 infection regarding receiving blood transfusions.
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In Iran and Brazil, the prevalence of parvovirus B19 IgG antibodies among hemodialysis
patients was 54% and 67.5%, respectively [23,24], while, in Iraq, a high seroprevalence of
90.2% was observed [25].

In general, the recipients of solid organs or hematopoietic stem cells are at an increased
risk of viral reactivation originating from previous latent or persisting viral infections or
pathogens transmitted by the transplant. However, the parvovirus B19 seroprevalence
of liver transplant recipients (66.7%) did not differ from other adult populations in our
study, and none of the tested patients had an acute infection. Seroprevalence studies in the
transplant population are scarce, but similar seroprevalence rates were also confirmed in
Iranian kidney transplant recipients (69.2%) who suffered from anemia [26]. A German
group investigated 371 adult transplant recipients (kidney, liver, heart, and bone marrow),
showing that seroprevalence rates before and after transplants are almost identical (82%
and 83%, respectively) [27], which is in line with our study.

With a reduced incidence, acute infections can occur in adults. In this study, acute
parvovirus B19 infections were the most frequent in the youngest age group (11.1%) and
adolescents (8.9%). However, 5.5% and 4.9% of acute infections were also reported in the
age group of 20–39 years, which could be explained by the close contact with small children
because of family circumstances, which probably increase the risk of virus transmission.

Data on the seroprevalence of parvovirus B19 infection in pregnant women are im-
portant for identifying seronegative women who are at risk of primary infection during
pregnancy. Seroprevalence studies in European countries showed seroprevalence rates in
pregnant women ranging from 55% to 74% [19,20,28–32]. Furthermore, a recently published
study conducted among childbearing-aged women residing in Brazil, Mexico, Germany,
Poland, Turkey, and China revealed a very low seropositivity in Chinese women (7.5%)
compared to the other countries (30–65%) [33]. The results of this study showed that the
seroprevalence in pregnant women (65.5%) was similar to that of the general population
(64.1%). Although women with an unfavorable obstetric history had higher seropositivity
(71.0%), compared with women who had a normal pregnancy (62.6%), the difference was
not significant. Similarly, there was no difference in the IgM seroprevalence rates between
these groups (6.5% vs. 2.4%). Similar to our results, a study on the seroprevalence of
parvovirus B19 in St. Petersburg found no difference in the IgG seropositivity among
pregnant women and women with recurrent abortions (75.3% and 66.9%, respectively) [34].
However, in a study from Egypt, a significantly higher IgM seroprevalence rate of 84%
was found in women with recurrent abortions compared to 20% in the control group,
suggesting the possible role of parvovirus B19 in recurrent abortions [35]. Additionally,
the frequency of abortions in parvovirus B19 IgG seropositive women was showed to be
4 times higher than in the seronegative group of Iranian pregnant women [36].

The limitation of this study, which needs to be stressed, is that consecutive serum
samples were tested; therefore, people tested were not necessarily representative of that
area population.

5. Conclusions

The results of this first large seroepidemiological study demonstrates that 64.1% of
the Croatian population shows the exposure to parvovirus B19, with (increasing) age as
the main risk factor for IgG seropositivity. Gender specific differences in the seropositivity
were not observed. Hemodialysis patients and transplant recipients were not found to
be at an increased risk for the parvovirus B19 infection. The role of parvovirus B19 as a
TORCH agent needs to be studied further.
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