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Congenital toxoplasmosis (CT) is a rare entity and it may pose a life-threatening risk for the newborns.
The aim of the study was to evaluate the incidence and other selected factors of CT in Poland.

Our study is a population-based study on CT patients in 2007-2021. The study was based on 1504
hospitalization records of first-time diagnosis of CT in newborns. In the study group, we observed

763 males (50.7%) and 741 females (49.3%). The mean and median age was 31 days and 10 days,
respectively. Based on the hospital registry, the mean annual CT incidence was estimated to be 2.6
per 10,000 live births (95% Cl 2.0-3.2 per 10,000 live births). The incidence of CT cases fluctuated over
the years 2007-2021, with the highest incidence in 2010 and the lowest one in 2014. There were no
statistically significant differences between the incidence of CT in relation to sex or place of residence.
The periodic fluctuations in the number of cases of congenital toxoplasmosis indicates the need to
develop effective prevention programs to effectively counteract the disease and its consequences.

Toxoplasma gondii infection is one of the most common protozoal infections in the human population®. T. gondii
causes a disease in humans called toxoplasmosis. The main reservoir of T. gondii in the environment is found in
rodents, which can then be ingested by cats, which are the only known definitive host of this parasite. Humans
can become infected by ingesting food or water contaminated with cat faeces, eating raw or undercooked meat,
through blood transfusions, during the solid organ transplantation or from the mother through the placenta'?.
A special form of toxoplasmosis is congenital toxoplasmosis (CT). It is defined as a vertical infection of the
foetus and it takes different clinical forms. The severity of the disease depends on the gestational age at which
the mother became infected. After maternal infection in the last trimester of pregnancy, infants usually do not
present symptoms at birth, while those infected in the first or second trimester are at an increased risk of serious
complications such as miscarriage, intrauterine growth restriction, intrauterine calcification, hydrocephalus,
retinitis and other ocular and neurological diseases®*. In the first trimester, the risk of disease transmission is
the lowest, of a few to 15%, in the second trimester it is just over 40%, and in the third trimester it rises to over
70%. In contrast, the symptoms of CT are found more often in the case of an infection in the early stages of
pregnancy. On average, the absolute risk of vertical transmission to the foetus is about 25-29%. Postnatally, only
10% of foetuses show clinical signs. One-third of the diseases have a severe course®. As pregnancy progresses,
the risk of foetal intracranial lesions from CT decreases’. Another issue is the increased rate of miscarriages and
intrauterine foetal deaths in the case of infections at an early stage of pregnancy?®. The diagnosis of T. gondii infec-
tion in pregnancy is important for the prevention of the complications that this infection can cause in the foetus
and later in the newborn. CT can cause permanent neurological and ophthalmic damage®'°. In the diagnosis of
toxoplasmosis in a pregnant woman, serological response has a significant importance. During the diagnostic
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procedure, the titres of antibodies produced after contact with the protozoan at different stages of pregnancy
are evaluated. If an active infection is detected, targeted treatment is possible'®!!. What is more, with prenatal
ultrasound, congenital malformations in the foetus can be visualized'®.

In Germany, current data show a high rate of past Toxoplasma gondii infections in the general population,
ranging from 20 to 77%, depending on age'% In Turkey, the incidence rate of toxoplasmosis ranges from 17.5
to 69.5%*1.

In France, 0.2-0.25% of women become infected with T. gondii during pregnancy®. In a study of TORCH
antibody seroepidemiology in China, the overall prevalence of IgG anti-T. gondii in women of childbearing age
was 1.71% and IgM antibodies were 0.30%. Moreover, the rate of primary T. gondii infections in the study popu-
lation was 0.08%'%. Another study based on TORCH screening in 18,104 women at Xi'an University Hospital
found T. gondii IgG/IgM seropositivity of 4.35%/0.35%"*.

The global estimated incidence of CT varies by region from 5 to 34 cases per 10,000 live births and it averages
15 cases per 10,000 live births worldwide'®. Detailed epidemiological studies from recent years indicate that the
CT incidence varies in different regions of the world, which may be related to access to medical services in a
given country and socio-economic conditions. The following incidence rates have been observed across coun-
tries: 1 per 10,000 live births in Austria, 2.1 per 10,000 in Denmark, 2.9 per 10,000 in France'*~'8. Studies from
Morocco have shown an incidence of 3.9-8 per 10,000°. Data from Brazil vary from study to study and show
the incidence of 4-23 per 10,0007**2!, There are no current epidemiological data from the US, and the most
recent ones estimate the incidence of CT at 1 per 10,000?'. A cross-sectional study conducted in China found
CT incidence of 0.07 per 10,000 hospitalized newborns in 27 children’s hospitals in the years 2015-2020%. The
rate is as high as 18 per 10,000 in Panama, Latin America, where the history of T. gondii infection can be found
in more than 90% of the population at the age of over 60%.

Data from Poland are limited. In Poland, the standard of perinatal care is defined by the decree of the Polish
Minister of Health from August 16, 2018. One of the pillars of this legislation are guidelines for the preven-
tion of infectious diseases in the perinatal period. According to the guidelines, every pregnant woman should
have a titre of IgM and IgG antibodies to T. gondii measured by the 10th week of pregnancy, and in the case
of a negative IgG result, the test should be repeated between the 21st and 26th week of pregnancy®*. There are
no data that assess CT incidence at the national level. Available studies refer to single obstetric and neonatal
centres, or they are limited to single regions of the country. The median age of women diagnosed with primary
toxoplasmosis during pregnancy was 28 years?. The incidence of CT in Poland, based on data from the Poznan
region in 1998-2000, was determined at 10.8 per 10,000%. In a study conducted in 8281 pregnant women in
Lodz in the years 2004-2012, IgM and IgG antibodies to T. gondii were detected in 9.7% and 40.6% of patients,
respectively. Based on literature data on the transmission rate in pregnancy, the incidence of CT was estimated
by the authors at 18 per 10,000%7.

The importance of an early diagnosis and treatment of CT for public health may constitute a crucial argument
for the need to undertake research in the field of CT; in particular, the prevalence of this disease in Poland and
changes in its occurrence in recent years.

The aim of the study was to evaluate CT incidence and its trends in recent years in Poland, and present
comorbidities and other factors related to this disease (including the place of residence: rural versus urban areas).

Methods

Our study is a population-based, retrospective analysis of hospital discharge records of infants with CT. Data
were obtained from the National Institute of Public Health in Poland, and they covered the period from 2007
to 2021. All hospitals in Poland, except psychiatric facilities, are legally required to send discharge data to the
Institute. The data are anonymous and include information on hospitalizations with ICD-10 code diagnoses,
dates of admission and discharge, sex, date of birth, and place of residence. All hospitalization records with
primary or secondary ICD-10 P37.1 code diagnosis were included in the study. In order to limit the impact of
secondary hospitalizations on the incidence of CT, the authors excluded repeated hospitalizations. A retrospec-
tive study was performed on all patients who were hospitalized in the years 2007-2021. Information on the study
was submitted to the local bioethics committee. CT often requires advanced differential diagnostic procedures
and treatment during hospitalization. Therefore, hospitalized cases may provide a good basis for estimating the
incidence. We assumed that CT diagnoses were made in hospitals on the basis of the most current and widely
used diagnostic criteria.

Based on ICD-10 codes, we analysed associated diseases in the study group. Diseases were analysed within
larger subject groups of ICD-10 that ranged from A00 to U89. R00-R99 ICD10-codes were not taken into consid-
eration. Due to the inclusion criteria and the presence of code P37.1 in all patients, the analysis of comorbidities
in the PO0-P99 range was refined to specific ICD-10 codes. We presented the most frequent diseases that occurred
in a minimum of 5% of patients in the analysis.

To perform most statistical analyses, Statistica (TIBCO Software Inc, version 13) was used?®. WINPEPI?
was used to perform chi-square tests. For continuous variables with normal or non-normal distribution, respec-
tively, means and 95% confidence intervals or medians and IQR were computed. For nominal variables, counts
and percentages were analysed. Hospitalization rates related to CT infection were calculated as the estimated
number of unique patients per 10,000 live births, using data (national census) from the Central Statistical Office
of Poland?®. To assess trends, we used linear regression. To assess normal distribution, we used Shapiro-Wilk
test. We applied the Levene’s test to evaluate equality of variances. When normality assumptions were not met,
non-parametric tests (Chi-square, U Mann-Whitney) were applied. A two-sided p-value lesser than 0.05 was
considered to be statistically significant.
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Ethics approval and consent to participate. This study did not involve human participants, data, or
tissue. It was conducted using only aggregated and anonymized data. Institutional review board approval was
not required. All methods were carried out in accordance with relevant guidelines and regulations.

Results

We analysed the total number of 2131 hospital discharge records of CT patients in 2007-2021. The study group
consisted of 1504 hospitalization records of first-time diagnosis of CT in newborns: 763 males (50.7%) and 741
females (49.3%). In this group, 89.7% patients were infants up to 90 days of age and 69.8% were neonates up to
28 days of age. The distribution of age at the diagnosis during first-time hospitalizations is presented in Fig. 1.
The mean and median age was 31 days (95% CI 29-34 days) and 10 days (IQR: 0-36 days), respectively. Based
on hospital registry, the mean annual CT incidence was estimated to be 2.6 per 10,000 live births (95% CI 2.0-3.2
per 10,000 live births). The incidence of CT fluctuated between 2007 and 2021, with the highest incidence in
2010 and the lowest in 2014. In Fig. 2, we presented the incidence of CT in Poland, after a comparison with
public demographic data. The incidence was expressed as the number of cases per 10,000 live births per year. No
significant linear trend was found considering the entire period studied. To verify significant changes in CT inci-
dence during the study period, the incidence (Fig. 2) was first divided into 3 periods: 2007-10 (A), 2011-15 (B)
and 2016-21 (C), and then compared using the Kruskal-Wallis H test (P <0.01). In post-hoc analysis that used
multiple comparisons of mean ranks for all groups, there was a significantly higher incidence of CT in period A
compared to period B (P<0.005). No significant differences were observed between periods A and C or B and
C. Figure 3 shows the number of first-time hospitalizations of infants in Poland with a diagnosis of CT in each
year of the analysed period. The extreme values for the data occur at the same time points as presented in Fig. 2.
There were no statistically significant differences between the incidence of CT across sex (chi-square test) or in
the comparison between rural and urban areas (chi-square test). In the analysed period, 8 deaths were recorded
(0.5% of all patients): 5 males and 3 females. In 6 of the 8 deaths, congenital toxoplasmosis was identified as the
primary or secondary cause of death. In the remaining cases, cardiovascular diseases were the cause of death in
one and respiratory diseases in the second case.

The most common comorbidities were congenital malformations, deformations and chromosomal abnormali-
ties (ICD-10: Q00-Q99; 13.4% of all patients), neonatal jaundice from other and unspecified causes (P59.0-P59.9;
11.8%), congenital cytomegalovirus infection (P35.1; 11.2%), disorders related to short gestation and low birth
weight, not elsewhere classified (P07.0-P07.9; 5.9%), certain infectious and parasitic diseases (A00-B99; 5.4%)
and diseases of the nervous system (G00-G99; 5.2%).
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Figure 1. Number of first-time CT hospitalizations in Poland per patients’ age.
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Figure 2. Incidence trends of CT in Poland, 2007-2021.
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Figure 3. Number of first-time CT hospitalizations in Poland, 2007-2021.

Discussion

As shown in Fig. 1, more than two-thirds of the study group were in the neonatal group of patients aged until
28 days. The median age was 10 days, while the average age was 31 days. The age distribution may be due to
the diagnostic capabilities of CT, including prenatal serological screening for toxoplasmosis, which is imposed
by legal regulations in Poland**. In addition, in the group of mothers suspected of having active toxoplasmosis
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during pregnancy, amniocentesis can be performed to determine T. gondii DNA material based on PCR, which
has specificity of 100% and sensitivity of 90%*!. Furthermore, tests such as prenatal and postnatal ultrasound can
highlight characteristic lesions such as calcifications in the brain'®. Modern diagnostic methods result in the early
detection of the disease and the possibility of quick implementation of necessary treatment. CT diagnosis can
also take place in the following months of life, due to the existence of a spectrum of symptom severity, depending
on the stage of pregnancy at which the foetus was infected®*.

Between 2007 and 2021, there was an average of about 380,000 live births per year in Poland. The incidence of
CT in the years 2007-2021 was 2.6 per 10,000 live births. Compared to the previously available data on the Pol-
ish population, this is a relatively low rate. Studies from the Poznan region that focused on the years 1998-2000
estimated the incidence of CT at 10.8 per 10,000. Based on the studies conducted in Lodz in 2004-2012 which
assessed the serological status of pregnant women, the extrapolation of data set the incidence of CT at 18 per
10,000. None of the studies assessed the incidence of CT at a nationwide level. An additional factor overestimat-
ing the rates may have been the fact that the studies were limited to referral centres, which may have aggregated
cases of complicated pregnancies, such as those with coexisting toxoplasmosis. In addition, only the first study
assessed CT directly, but it was done in the last century, while the second study only extrapolated the serological
results of pregnant women to the expected incidence of CT among newborns®?’.

A comparison on a global scale indicates that the incidence of the disease in Poland is lower than the assumed
global average of 15 cases per 10,000 live births'>. An analysis of detailed data from individual countries shows
that the incidence of CT at 2.6 per 10,000 live births is similar to that in other European countries, such as Austria
(1 per 10,000), Denmark (2.1 per 10,000), and France (2.9 per 10,000)'"'%, These results are also similar to avail-
able data from the US (1 per 10,000)". It should be noted that data from the physician-reported case registry in
Poland indicate a lower incidence rate than it has been estimated in this study*. The official European Centre
for Disease Prevention and Control (ECDC) report on CT in 2019 indicates the incidence of 0.51 per 10,000
live births in Europe. When comparing these data with available studies from individual countries, including
the study presented here, the information provided by the ECDC may be underestimated, for example, due
to international reporting issues™. There is some contrast between these results and data from countries such
as Morocco (3.9-8 per 10,000), Brazil (4-23 per 10,000), and Panama (18 per 10,000), where the incidence is
significantly higher”!?-22*, Differences in CT incidence across regions may be due to factors such as access to
medical care, socioeconomic conditions, level of public awareness of TORCH infections, national public health
standards, and hygienic conditions. The data for Poland puts this country among other developed Western
countries, which may be due to both broad access to modern diagnostic and treatment methods, educational
programs and legal solutions to reduce CT infections®. The results of a study from China on the causes of infant
hospitalizations in the years 2015-2020 showed a very low incidence of CT, as only 0.07 per 10,000 hospitalized
children under 1 year of age (5 cases) were reported. These data determined the results only for a selected group
of tertiary hospitals in China®*.

As presented in Fig. 2, the incidence of CT in Poland in the years 2007-2021 fluctuated, with the highest
incidence in 2010 and the lowest one in 2014. As we can observe in Fig. 2, lower incidence values were registered
between 2011 and 2015, relative to other years of the study period. Globally, a decreasing trend in seropositivity
against T. gondii is observed, but this does not always reflect a direct decrease in CT incidence. It is believed that
the influence of a number of factors, such as demographic structure, cyclical changes in the percentage of the
population susceptible to infection, and dynamically changing legal and socio-health conditions may result in
a sinusoidal trend in CT incidence in individual societies over many years™.

The study analysed comorbidities. In the study group, the most common concomitant diagnoses were those
described in the literature as occurring in the course of CT, such as malformations and deformations (13. 3% of all
patients), neonatal jaundice (11.9%), prematurity and low birth weight (5.8%) and diseases of the nervous system
(5.2%). The above symptoms and diseases correspond to those typically seen in CT. The most characteristic triad
of symptoms are chorioretinitis, intracranial calcifications, and hydrocephalus, but prematurity, spontaneous
abortion, stillbirth, liver or spleen enlargement, jaundice, fever, microcephaly, hearing abnormalities, pneumonia,
myocarditis, and many others can also be observed>®-1°. Attention is also drawn to the frequent congenital co-
infection with CMV (11.3%), which could have exacerbated the neurological changes caused by both pathogens.

During the study, 8 hospital deaths of CT patients occurred (0.5% of the whole group)—congenital toxo-
plasmosis was identified as the primary or secondary cause of death in 6 of the 8 deaths. In the remaining cases,
cardiovascular diseases were the cause of death in one and respiratory diseases in the second case. Given the pos-
sibility of developmental abnormalities of various organs and various severity in CT, these deaths may also have
been indirectly related to CT>* This is a relatively low figure. Another study conducted in the years 1974-2007,
where causes of infant deaths in Japan were analysed, found two neonatal deaths due to CT (0.001% of all neona-
tal deaths)*. However, the mortality rate may be underestimated due to miscarriages early in pregnancy, which
can occur during intrauterine infection.

No significant gender differences were observed in the study with regard to the incidence, which is consistent
with the ECDC report on CT in Europe, where the female-to-male ratio was 1:1%.

Based on data for Poland from 2007 to 2021, there were no significant differences between the incidence of
CT according to the place of residence (urban versus rural areas). Although based on data from a single centre in
the capital city, rural residence was found to be an independent risk factor for toxoplasmosis in pregnant women
in Poland, this does not translate into a higher incidence of CT in infants from rural areas?. The lack of differ-
ences between urban and rural areas may also be due to the standards of care applied throughout the country,
which are defined by legal regulations. These standards specify, in addition to the methods of early detection
and implementation of effective treatment, appropriate education of pregnant patients on the potential risks
and ways of infection with T. gondii**. Improvement of access to medical care in Poland, as well as availability of
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educational materials and recommendations on the Internet may lead to a reduction in the differences between
incidence in urban and rural populations, despite greater environmental exposure.

Despite its advantages, the presented study also has its limitations, mainly due to its retrospective nature. In
the course of the analysis, we did not verify the findings on the basis of which CT was diagnosed. We assume
that the diagnosis is based on the most current, widely used diagnostic criteria for this disease entity. The inci-
dence of CT in Poland was assessed on the basis of first-time hospitalizations for the disease, due to the need for
specialized testing and implementation of treatment when the disease occurs in newborns. In addition, the date
of hospitalization after birth may inaccurately represent the actual date of diagnosis, due to the possibility of
prenatal detection. Due to these limitations, the incidence by year may have been represented inaccurately, but
the long observation period and large sample size of the data obtained from the national registry may minimize
this imprecision.

Conclusions

The average incidence of CT in Poland in 2007-2021 is similar to that in other European countries. The periodic
increase in CT incidence indicates the need for further education of the population and the development of
effective prenatal diagnosis and treatment programs. In our study, hospital mortality among infants with CT in
Poland was relatively low. Despite potentially increased environmental exposure, no significant differences in CT
incidence were found between rural and urban areas. Periodic fluctuations in the number of cases of congenital
toxoplasmosis indicates the need to develop effective prevention programs to effectively counteract the disease
and its consequences.

Data availability
The data that support the findings of this study are available on request from the corresponding author.

Received: 3 May 2023; Accepted: 6 July 2023
Published online: 08 July 2023

References

1. Tenter, A. M., Heckeroth, A. R. & Weiss, L. M. Toxoplasma gondii: From animals to humans. Int. J. Parasitol. 30, 1217-1258. https://
doi.org/10.1111/pim.12606 (2000).

2. McAuley, J. B. Congenital toxoplasmosis. J. Pediatr. Infect. Dis. Soc. 3(suppl_1), 30-35. https://doi.org/10.1093/jpids/piu077 (2014).

3. Mejia, M. C. et al. A systematic review to evaluate a possible association between congenital toxoplasmosis and preterm labor.
Pediatr. Infect. Dis. J. 41(12), €520-e524. https://doi.org/10.1097/INE.0000000000003723 (2022).

4. Borges, M., Magalhaes Silva, T., Brito, C., Teixeira, N. & Roberts, C. W. How does toxoplasmosis affect the maternal-foetal immune
interface and pregnancy. Parasite Immunol. 41(3), e12606. https://doi.org/10.1111/pim.12606 (2019).

5. Maldonado, Y. A., Read, J. S., COMMITTEE ON INFECTIOUS DISEASES. Diagnosis, treatment, and prevention of congenital
toxoplasmosis in the United States. Pediatrics 139(2), €20163860. https://doi.org/10.1542/peds.2016-3860 (2017).

6. Picone, O. et al. Toxoplasmosis screening during pregnancy in France: Opinion of an expert panel for the CNGOE. J. Gynecol.
Obstet. Hum. Reprod. 49(7), 101814. https://doi.org/10.1016/j.jogoh.2020.101814 (2020).

7. Thiébaut, R., Leproust, S., Chéne, G., Gilbert, R., SYROCOT (Systematic Review on Congenital Toxoplasmosis) study group.
Effectiveness of prenatal treatment for congenital toxoplasmosis: A meta-analysis of individual patients’ data. Lancet 369(9556),
115-122. https://doi.org/10.1016/S0140-6736(07)60072-5 (2007).

8. Piao, L. X. et al. Cellular immunopathogenesis in primary toxoplasma gondii infection during pregnancy. Parasite Immunol. 40(9),
€12570. https://doi.org/10.1111/pim.12570 (2018).

9. Ahmed, M., Sood, A. & Gupta, J. Toxoplasmosis in pregnancy. Eur. J. Obstet. Gynecol. Reprod. Biol. 255, 44-50. https://doi.org/10.
1016/j.ejogrb.2020.10.003 (2020).

10. Peyron, E. et al. Maternal and congenital toxoplasmosis: Diagnosis and treatment recommendations of a french multidisciplinary
working group. Pathogens. 8(1), 24. https://doi.org/10.3390/pathogens8010024 (2019).

11. Beder, D. & Esenkaya Tasbent, F. General features and laboratory diagnosis of toxoplasma gondii infection. Turkiye Parazitol. Derg.
44(2), 94-101. https://doi.org/10.4274/tpd.galenos.2020.6634 (2020).

12. Pleyer, U, Gross, U., Schliiter, D., Wilking, H. & Seeber, F. Toxoplasmosis in Germany. Dtsch. Arztebl. Int. 116(25), 435-444. https://
doi.org/10.3238/arztebl.2019.0435 (2019).

13. Qi, Y. et al. Seroepidemiology of TORCH antibodies in the reproductive-aged women in China. Eur. J. Obstet. Gynecol. Reprod.
Biol. 254, 114-118. https://doi.org/10.1016/j.ejogrb.2020.09.010 (2020).

14. Wang, L. C, Yan, F, Ruan, J. X, Xiao, Y. & Yu, Y. TORCH screening used appropriately in China?—three years results from a
teaching hospital in northwest China. BMC Pregnancy Childbirth. 19(1), 484. https://doi.org/10.1186/s12884-019-2642-7 (2019).

15. Torgerson, P. R. & Mastroiacovo, P. The global burden of congenital toxoplasmosis: a systematic review. Bull. World Health Organ.
91(7), 501-508. https://doi.org/10.2471/BLT.12.111732 (2013).

16. Prusa, A. R. et al. The Austrian toxoplasmosis register 1992-2008. Clin. Infect. Dis. 60(2), e4—el0. https://doi.org/10.1093/cid/
ciu724 (2015).

17. Schmidt, D. R. et al. The national neonatal screening programme for congenital toxoplasmosis in Denmark: Results from the initial
four years, 1999-2002. Arch. Dis. Child. 91(8), 661-665. https://doi.org/10.1136/adc.2004.066514 (2006).

18. Villena, I. et al. Toxosurv network and national reference centre for toxoplasmosis. Congenital toxoplasmosis in France in 2007:
First results from a national surveillance system. Euro. Surveill. 15(25), 19600. https://doi.org/10.2807/ese.15.25.19600-en (2010).

19. El Bissati, K. et al. Global initiative for congenital toxoplasmosis: An observational and international comparative clinical analysis.
Emerg. Microbes Infect. 7(1), 165. https://doi.org/10.1038/s41426-018-0164-4 (2018).

20. de Melo Inagaki, A. D. et al. Birth prevalence and characteristics of congenital toxoplasmosis in Sergipe, North-east Brazil. Trop.
Med. Int. Health 17(11), 1349-1355. https://doi.org/10.1111/j.1365-3156.2012.03079.x (2012).

21. Dubey, J. P, Murata, F. H. A., Cerqueira-Cézar, C. K., Kwok, O. C. H. & Villena, I. Congenital toxoplasmosis in humans: An update
of worldwide rate of congenital infections. Parasitology. 148(12), 1406-1416. https://doi.org/10.1017/S0031182021001013 (2021).

22. Zhang, L. et al. The epidemiology and disease burden of congenital TORCH infections among hospitalized children in China: A
national cross-sectional study. PLoS Negl Trop Dis. 16(10), e0010861. https://doi.org/10.1371/journal.pntd.0010861 (2022).

23. Felin, M. S. et al. Building programs to eradicate toxoplasmosis part I: Introduction and overview. Curr. Pediatr. Rep. 10(3), 57-92.
https://doi.org/10.1007/s40124-022-00269-w (2022).

Scientific Reports |

(2023) 13:11060 | https://doi.org/10.1038/s41598-023-38270-y nature portfolio


https://doi.org/10.1111/pim.12606
https://doi.org/10.1111/pim.12606
https://doi.org/10.1093/jpids/piu077
https://doi.org/10.1097/INF.0000000000003723
https://doi.org/10.1111/pim.12606
https://doi.org/10.1542/peds.2016-3860
https://doi.org/10.1016/j.jogoh.2020.101814
https://doi.org/10.1016/S0140-6736(07)60072-5
https://doi.org/10.1111/pim.12570
https://doi.org/10.1016/j.ejogrb.2020.10.003
https://doi.org/10.1016/j.ejogrb.2020.10.003
https://doi.org/10.3390/pathogens8010024
https://doi.org/10.4274/tpd.galenos.2020.6634
https://doi.org/10.3238/arztebl.2019.0435
https://doi.org/10.3238/arztebl.2019.0435
https://doi.org/10.1016/j.ejogrb.2020.09.010
https://doi.org/10.1186/s12884-019-2642-7
https://doi.org/10.2471/BLT.12.111732
https://doi.org/10.1093/cid/ciu724
https://doi.org/10.1093/cid/ciu724
https://doi.org/10.1136/adc.2004.066514
https://doi.org/10.2807/ese.15.25.19600-en
https://doi.org/10.1038/s41426-018-0164-4
https://doi.org/10.1111/j.1365-3156.2012.03079.x
https://doi.org/10.1017/S0031182021001013
https://doi.org/10.1371/journal.pntd.0010861
https://doi.org/10.1007/s40124-022-00269-w

www.nature.com/scientificreports/

24. Radon-Pokracka, M. et al. Assessment of the implementation of the infectious diseases screening programmes among pregnant
women in the lesser Poland region and comparison with similar programmes conducted in other European Union countries.
Ginekol. Pol. 88(3), 151-155. https://doi.org/10.5603/GP.a2017.0029 (2017).

25. Bientkowski, C. et al. Analysis of preventable risk factors for toxoplasma gondii infection in pregnant women: Case-control study.
J. Clin. Med. 11(4), 1105. https://doi.org/10.3390/jcm11041105 (2022).

26. Paul, M., Petersen, E. & Szczapa, J. Prevalence of congenital Toxoplasma gondii infection among newborns from the Poznan
region of Poland: Validation of a new combined enzyme immunoassay for Toxoplasma gondii-specific immunoglobulin A and
immunoglobulin M antibodies. ] Clin Microbiol. 39(5), 1912-1916. https://doi.org/10.1128/JCM.39.5.1912-1916.2001 (2001).

27. Nowakowska, D. et al. Age-associated prevalence of Toxoplasma gondii in 8281 pregnant women in Poland between 2004 and
2012. Epidemiol Infect. 142(3), 656-661. https://doi.org/10.1017/S0950268813001179 (2014).

28. TIBCO Software Inc. Statistica (Data Analysis Software System), Version 13. http://statistica.io. (2017).

29. Abramson, J. H. WINPEPI updated: Computer programs for epidemiologists, and their teaching potential. Epidemiol. Perspect.
Innov. 8(1), 1. https://doi.org/10.1186/1742-5573-8-1 (2011).

30. Statistics Poland. https://stat.gov.pl

31. Yera, H. et al. Molecular biology study group of the French national reference centre for toxoplasmosis evaluation of five automated
and one manual method for Toxoplasma and human DNA extraction from artificially spiked amniotic fluid. Clin. Microbiol. Infect.
24(10), 1100.e7-1100.e11. https://doi.org/10.1016/j.cmi.2018.01.014 (2018).

32. National Institute of Public Health in Poland, Department of Epidemiology and Surveillance of Infectious Diseases, Laboratory
of Monitoring and Epidemiological Analysis. http://wwwold.pzh.gov.pl/oldpage/epimeld/index_p.html

33. ECDC - Congenital toxoplasmosis - Annual Epidemiological Report for 2019. https://www.ecdc.europa.eu/en/publications-data/
congenital-toxoplasmosis-annual-epidemiological-report-2019

34. Milne, G. C., Webster, J. P. & Walker, M. Is the incidence of congenital toxoplasmosis declining?. Trends Parasitol. 39(1), 26-37.
https://doi.org/10.1016/j.pt.2022.10.003 (2023).

35. Hoshino, T, Kita, M., Imai, Y. & Yamakawa, M. Incidence of death from congenital toxoplasmosis in 0-4-year-old children in
Japan. Pediatr Int. 56(4), 637-639. https://doi.org/10.1111/ped.12386 (2014).

Author contributions

MR,KK,KL,PG,PT,LL-A, AN.-O.: Conceptualization; M.R., KK,, P.G., P.T.: Methodology, Formal analy-
sis; M.R., K.K., K.L.: Writing- Original draft preparation; M.R., K.K., K.L., PG., P.T.: Visualization, Investigation;
AN.-O.: Supervision, Project administration; M.R., KK, K.L., PG, P.T,, LL.-A., A.N.-O.: Writing- Reviewing
and Editing. All authors approved the final version of the manuscript.

Funding
The authors declare that no external funds, grants, or other support were received during the data collection and
preparation of this manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to K.L.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

= License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023, corrected publication 2023

Scientific Reports |

(2023) 13:11060 | https://doi.org/10.1038/s41598-023-38270-y nature portfolio


https://doi.org/10.5603/GP.a2017.0029
https://doi.org/10.3390/jcm11041105
https://doi.org/10.1128/JCM.39.5.1912-1916.2001
https://doi.org/10.1017/S0950268813001179
http://statistica.io
https://doi.org/10.1186/1742-5573-8-1
https://stat.gov.pl
https://doi.org/10.1016/j.cmi.2018.01.014
http://wwwold.pzh.gov.pl/oldpage/epimeld/index_p.html
https://www.ecdc.europa.eu/en/publications-data/congenital-toxoplasmosis-annual-epidemiological-report-2019
https://www.ecdc.europa.eu/en/publications-data/congenital-toxoplasmosis-annual-epidemiological-report-2019
https://doi.org/10.1016/j.pt.2022.10.003
https://doi.org/10.1111/ped.12386
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Congenital toxoplasmosis among hospitalized infants in Poland in the years 2007–2021: study based on the national hospital registry
	Methods
	Ethics approval and consent to participate. 

	Results
	Discussion
	Conclusions
	References


