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Summary 

Viral infections during pregnancy on a world scale are one of the main reasons for severe 

complications and mortality of the mother and fetus.  The post-infectious anemic syndrome is 

characterized by low serum iron and increased hepcidin, which is the cause for iron accumulation in 

the endothelial macrophage system and iron deficiency for the needs of erythropoiesis. Probably the 

increased hepcidin plays a protective role against the growth of microorganisms by reducing 

extracellular iron. On the other hand, the increased hepcidin may lead to iron deficiency and to 

inability for effective compensation upon oral supplementation because it suppressed intestinal iron 

absorption. 

This study aims to determine the involvement of parvovirus B19 in the anemic syndrome development 

in the course of/during pathological pregnancy. 

Materials and Methods: In total 47 serum samples of pregnant women with anemia hospitalized in 

University Obstetrics and Gynecology Hospital “Maichin Dom”,were tested. Three newborn babies 

were also included in the study. Serological (ELISA), molecular (PCR), and immunological (CLIA) 

methods were used. The statistical processing of the results is based on paired Student's t-test and 

Pearson's correlation. 

Results and discussion: 9/47 (19.1%) of patients showed  presence of B19V-IgM antibodies. B19-

IgG antibodies were detected in 19/47 (40.4%) women. The PCR analysis showed presence of viral 

DNA in all patients with positive B19V-IgM antibodies. B19V-IgM antibodies  were proved in one of 

the newborn and viral DNA was detected. All three babies were positive for B19V-IgG antibodies. In 

four of the positive patients with the three diagnostic markers for acute infection, the anemia was 

determined as iron-deficiency according to the low serum levels of hepcidin 2.54 ± 0.4 μg/L compared 

to control group of pregnant women without anemia (21.7 ± 3.1 μg/L: P<0.001). In the remaining 

women with a proven acute B19V infection, we found a statistically significant increased level of 

serum hepcidin (65.3 ± 5.7 μg/L; P<0.001) compared to non anemic pregnant women. 

Conclusion: Assessment of the frequency and the grade of involvement of parvovirus B19 in the 

anemic syndrome development during pregnancy and determination of the serum level of hepcidin 

would contribute to the etiological clarification of the occurred anemic syndrome and would prevent 

improper iron supplementation by pregnant women. 
Key words: parvovirus B19, anemia, hepcidin, iron, pregnancy 

 

Introduction 

In view of the various transmission of parvovirus B19, the transplanted pathway of the 

infection’s transmission in pregnant women and the possible complications resulting from the 

infection, the screening of women of childbearing age (18-40 years) and seronegative 

pregnancies in the 1st and 2nd trimesters of pregnancy for presence of this viral agent is an 

important approach for compiling a correct differential diagnosis and outcome by the patients 

in risk. 

The infections reach the fetus perinatally (from vaginal secret or blood) or after birth (with 

mother’s milk). The clinical manifestations of neonatal infections vary depending on the viral 

agent and the gestational age of obtaining. 

Parvovirus B19 is a single-chained DNA virus and is responsible for the development of 
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erythema infectiosum [1] or fifth childhood disease. Infection with this pathogen in the past 

has often been diagnosed as "rubella". Although in most cases by adults, the  infection passes 

asymptomatically or with an atypical clinical picture, including influenza-similar illnesses, 

arthralgia and arthropathy, toxo-infectious syndrome, etc., the effects on the fetus are serious 

and include miscarriage, fetal anemia, myocarditis and/or intrauterine fetal death. Starting 

from the B19V tropism, the fetus and the placenta are its target due to the presence of specific 

P antigen, situeted on their surface. The frequency of vertical transmission by maternal 

infection is estimated by different authors between 17 and 33% [2,3]. Parvovirus B19 

infection is associated with non-immune fetal hydrops [4,5]. 

The possible mechanisms in this connection include anemia, due to the viral particles which 

cross the placenta, inhibits fetal erythropoiesis, and as a result progressing to aplastic crises 

and congestive anemia, hypoxia and heart failure, which leads to fetal hydropathy. Another 

possible reason is fetal viral myocarditis, which results in heart failure and damage to liver 

function, caused by direct hepatocyte damage due to the hemoglobin accumulation [6,7]. The 

probability of this after 20 gestation’s week is 2.3% [3]. 

A number of authors report neonatal complications after maternal B19 infection, including 

transfusion-dependent anemia [6,8], liver failure [9], myocarditis [10]. 

Literary data indicate a favorable outcome for the fetus at infecting a seronegative mother in 

85% of cases [1]. Parvovirus B19 is not considered as teratogenic agent, affecting 

embryogenesis (8-10 weeks), therefore there is no indication for the interruption of pregnancy 

[3]. 

Parvovirus B19 has affinity to the hematopoietic system, including erythroid progenitor cells 

and, to a lesser extent, leukocytes and megakaryocytic cell lines [1]. The virus attacks the cell 

of the red blood cell line in the bone marrow, which results in hemolysis and erythrocyte 

aplasia[1]. 

Anemia is common during pregnancy and is associated with higher perinatal maternal 

morbidity and mortality in developing countries [11]. Iron deficiency is the cause of much of 

anemia among pregnant women [12]. Hepcidin, a peptide composed of 25 amino acids, is 

considered to be a major regulator of iron metabolism and anemia of chronic inflammation 

[13]. Hepcidin is synthesized mainly in the liver. It regulates the metabolism of iron by the 

inhibition of iron absorption in the duodenum at the level of the intestinal epithelium and by 

affecting mobilization of iron from the liver. Hepcidin associated with intracellular iron 

exporter, ferroportin, causing its internalization and degradation [14]. Ferroportin is required 

for materno-fetal transfer of iron from the duodenal enterocytes, macrophages and 

hepatocytes [15]. 

 

Materials and methods 

Clinical samples 

In this study, a total of 47 serum samples from patients with anemia and progressing a 

pathological and/or risky pregnancy, as well as 3 serum samples of newborns, tested for 

possible maternal-fetal infection, are included. The following methods are used: 

 

Serological analysis 

An immunological method (ELISA) is used to demonstrate the presence of specific 

Parvovirus B19 IgM/IgG antibodies (commercial test for  indirect immunoassay analysis 

Euroimmun Parvovirus B19 IgM/IgG). ELISA method was used for serum hepcidin 

quantification.  

Established results were compared to age matched healthy controls – females with normal 

pregnancy, with no Parvovirus B19 infection and with no anemia. 
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Molecular biological analysis 

From source material (serum samples) using a commercial test (Invitrogen), viral nucleic acid 

- DNA was extracted. To demonstrate the presence of parvovirus B19 DNA, PCR analysis 

was performed using a commercial kit (KAPA Taq PCR Kits) and the following consensus 

primers (at a concentration of 20 p / mol). 

Forward Primer (e1905f): 5’ TGCAGATGCCCTCCACCCA 3’  

Reverse Primer (e1987r): 5’ GCTGCTTTCACTGAGTTCTTC 3’  

The amplification reaction for amplification of the NS1-B19 conserved region included: 1 

cycle - 94 ° C for 6 min; 5 cycles - 94 ° C for 30 sec, 55 ° C for 1 min, and 72 ° C for 1 min 

followed by 45 cycles - denaturation at 94 ° C for 30 sec, aniling - 60 ° C for 30 sec, 

elongation - 72 ° C for 30 sec, final elongation - 72 ° C for 7 min. 

 

Agarose gel electrophoresis 

To visualize the obtained PCR products, electrophoresis is performed on a 2% agarose gel. 

Positive controls and a molecular weight marker are used thought 100 base pairs. 

Statistical processing of the received results 

The indicators for relative portions/shares are expressed as a percentage (%). Graphics and 

table analyses, Student’s t-test и Pearson’s correlation are also used.  

Results and Discusion 

Specific primary-reactive B19-IgM are proved in 9/47 (19.1%) of the patients. All analyzed 

samples are subjected to molecular-genetic analysis. The results show that all patients with 

proven early B19-IgM antibodies, viral DNA is also isolated and a positive PCR signal is 

detected (Figure 1) 

 

Figure 1. Electrophoretic analysis 2% agarose gel:  lines 1, 18 – ММ (100bp); lines 2-6 и 9-

14 – positive samples; lines 7, 8 – negative samples; line 15 – NC extr.; line 16 – negative 

PCR control; 17 – positive PCR control 

In 19/47 (40.43%) patients, the results of serological and molecular-biological analyses show 

negative result. Based on this result,  the patients have been recommended to re-examine a 

serum sample at a later stage, within one month of the last test or earlier at occurrence of 

symptoms and/or illness, as well as careful pregnancy monitoring by the monitoring 
obstetrician. 

Protective B19-IgG antibodies, evidences of past infection, are found in 19/47 (40.4%) of 

women. 

By one of the newborn B19V-IgM antibodies are proved and viral DNA is detected. All three 

babies are positive for B19V-IgG antibodies (maternal). 

 

Figure 2 shows the percentage distribution of examined patients  regarding to the three 

diagnostic markers. 

Figure 2. Distribution of the examined patients on a test diagnostic mark 

Patients with presence of a marker for acute viral infection (IgM and / or pathogenic DNA) 

are recommended monitoring the pregnancy (FV monitoring of the fetal and Doppler 

screening) and laboratory testing with traceable serum samples (1-3-6 months). 

In four of the positive patients with the three diagnostic markers for acute infection, the 
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anemia was determined as iron-deficiency according to the low serum levels of hepcidin 2.54 

± 0.4 μg/L compared to control group of pregnant women without anemia (21.7 ± 3.1 μg/L: 

P<0.001). In the remaining women with a proven acute B19V infection, we found a 

statistically significant increased level of serum hepcidin (65.3 ± 5.7 μg/L; P<0.001) 

compared to non anemic pregnant women (Fig. 3). 

Figure 3. Quantified serum hepcidin levels in pregnant women with IDA, with Parvovirus 

B19 infection and in control group (presented in µg/L, and as mean value ± SD). 

*P – pregnancy, IDA – iron-deficiency anemia, Pv B19 – Parvovirus B19 infection   

The study is of a start-up character and gives only initial data in view of the insufficient 

number of patients herein involved. The results obtained up to the moment turn the attention 

of the medical specialists concerned to the etiological role of parvovirus B19 in the 

development of anemic syndrome in patients with pathological and risky pregnancies. Viral 

infections are associated with significant changes in iron homeostasis. Anemia in infectious 

diseases is characterized by low serum iron and increased hepcidin, which is the cause of iron 

accumulation in the endothelial macrophage system and deficiency within the erythropoiesis. 

Probably the increased hepcidin plays a protective role against the growth of microorganisms 

by reducing extracellular iron. On the other hand, the increased hepcidin may lead to iron 

deficiency and an inability to effective compensation upon oral supplementation because it 

suppresses iron absorption through the intestinal mucosa. Inappropriate iron supplementation 

of children from these regions without deficiency in landfills can lead to severe side effects 

due to stimulated proliferation of latent pathogens [16,17,18]. 

Testing for the presence of specific IgM antibodies in combination with the presence of viral 

DNA is evidence of fresh infection, which is of particular importance in the monitoring of 

cases of pathological pregnancy. To this criterion in our study reply 19.1% of the patients 

surveyed. 

Among the examined patients with anemia, although there is no clear clinical picture for this 

virus, including fever-rashes syndrome, the affinity of B19V appears to erythroid progenitor 

cells, leading to anemia. This may be another marker in differential diagnosis in pregnant 

women with severe, undiagnosed to the moment  anemia and a possible viral agent, namely 

parvovirus B19 involved in the development of pathological pregnancy. 

One of the newborns is with  inborne infection and positive for all serological and molecular-

biological markers (positive B19V-IgM and -IgG antibodies, positive result of PCR result). 

Regarding the protection of the examined group of pregnant women and newborns towards 

B19V (presence of specific B19V-IgG antibodies), a percentage ratio of 40.4% is calculated. 

This indicates that despite the widespread diffussion of the antibody in the population, 

viraemia and the detection of viral DNA is rare. These data correspond to a small number of 

studies [19,20]. High attention should be exercised in seronegative pregnant women, which 

were 40% of the examined group of patients. Among the investigated clinical cases of women 

with anemia, the presence of acute B19 infection does not dominate, provided that the number 

of tested patients was small and the study was of a start-up character. 

The results from different studies indicate that hepcidin is lower during pregnancy than in 

non-pregnant women, presumably to provide greater bioavailability of iron for both mother 

and fetus. Pregnant women with undetectable levels of hepcidin transfer a greater amount of 

iron taken from the mother to the fetus when compared to women with a detectable hepcidin, 

indicating that the levels of maternal hepcidin partially determine the bioavailability of the 

iron to the fetus. However, inflammatory conditions, including preeclampsia, malaria 

infection, and obesity are associated with a higher hepcidin pregnancies compared to healthy 

controls, suggesting that the bioavailability of the iron in the mother and the fetus may 

deteriorate under such conditions[21]. 
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Patients with inflammatory and reduced hepcidin are expected to have an iron deficiency. In 

contrast, those with high level of hepcidin are diagnosed with ACI. 

Using serum hepcidin levels would help in assessing the need for the application of 

preparations containing iron. The results suggest that patients with IDA may be subjected to 

treatment with such drugs, while patients with ACI do not need them. 

Conclusion: Assessment of the frequency and the grade of involvement of parvovirus B19 in 

the anemic syndrome development during pregnancy and determination of the serum level of 

hepcidin would contribute to the etiological clarification of the occurred anemic syndrome 

and would prevent improper iron supplementation by pregnant women. 

 

Acknowledgement  
This project is implemented with the financial support of the Medical University - Sofia, 

"Grant 2017", Contract № D 124/2017. 

 

References 

1. Levy R, Weissman A, Blomberg G, Hagay ZJ. Infection by parvovirus B19 during 

pregnancy: a review. Obstet Gynecol Survey 1997;52:254–9. 

2. Lemont R., J.Sobel, E. Vaisbuch at all. Parvovirus B19 infection in human pregnancy. 

BJOG,11,2,2011,175-185. 

3. Crane J. Parvovirus B19  infection in pregnancy. J Obstet Gynaecol Can, 24 9,2002,727-34. 

4. Rodis JF, Rodner C, Hansen AA, Borgida AF, Deoliveira I, Rosengren SS.Long-term 

outcome of children following maternal human parvovirus B19 infection. Obstet Gynecol 

1998;91:125–8.  

5. Harger JH, Alder SP, Koch WC, Harger GF. Prospective evaluation of В18 pregnant 

women exposed to parvovirus B19: risks and symptoms.Obstet Gynecol 1998;91:413–20.35.  

6. Centers for Disease Control. Risks associated with human parvovirus B19 infection. 

MMWR Morb Mortal Wkly Rep 1989; 38:81–97. 

7. Harger JH, Alder SP, Koch WC, Harger GF. Prospective evaluation of 618 pregnant women 

exposed to parvovirus B19: risks and symptoms.Obstet Gynecol 1998;91:413–20.35. 

8. Markenson GR,Yancey MK. Parvovirus B19 infection in pregnancy. Seminars Perinatol 

1998;22:309–17. 

9. Rodis JF, Hovick TJ Jr, Quinn DL, Rosengren SS, Tattersall P. Human parvovirus infection 

in pregnancy. Obstet Gynecol 1988;72:733–8. 

10. Torok T. Human parvovirus B19. In: Remington JS, Klein JO, editors.Infectious disease of 

the fetus and newborn infant. 4th ed. Philadelphia:Saunders; 1995. p. 668–702. 

11. Allen LH. Anemia and iron deficiency: effects on pregnancy outcome. Am J Clin Nutr. 

2001;71 suppl:1280S–1284S. 

12. World Health Organization. The Prevalence of Anaemia in Women: A Tabulation of 

Available Information. 2nd edition. Geneva: World Health Organization; 1992.  

13. Roy CN, Andrews NC. Anemia of inflammation: the hepcidin link. Curr Opin Hematol. 

2005;12:107–111. 

14. Kroot JJ, Kemna EH, Bansal SS, Busbridge M, Campostrini N, Girelli D et al. Results of 

the first international round robin for the quantification of urinary and plasma hepcidin assays: 

need for standardization. Haematologica 2009;94:1748-52 

15. Donovan A, Lima CA, Pinkus JL, Pinkus GS, Zon LI, Robine S, Andrews NC. The iron 

exporter ferroportin/Slc40a1 is essential for iron homeostasis. Cell Metab. 2005;1:191–200. 

16. Joyce J.C.Kroot et al., 2011 - Joyce J.C.Kroot, Harold Tjalsma, Robert E.Fleming, Dorine 

W.Swinkels. Hepcidin in human iron disorders: diagnostic implications. Clin Chem 2011; 

57:12, 1650-1669. 



Science & Research 

Volume I, 2017, Number 1: MEDICAL BIOLOGY STUDIES, CLINICAL STUDIES, 

SOCIAL MEDICINE AND HEALTH CARE 
 

39 

17. De Domenico I, Zhang TY, Koening CL, Branch RW, London N, Lo E,  et al.,.. Hepcidin 

mediates transcriptional changes that modulate acute cytokine-induced inflammatory 

responses in mice. J Clin Invest 2010; 120: 2395– 405. 

18. Kemna EH, Tjalsma H, Podust VN, Swinkels DW. Mass spectro-metry-based hepcidin 

measurements in serum and urine: analytical aspects and clinical implications. Clin Chem 

2007;53: 620–8. 

19. Kelly, H. A., D. Siebert, R. Hammond, J. Leydon, P. Kiely, and W. Maskill. 2000. The 

age-specific prevalence of human parvovirus immunity in Victoria, Australia compared with 

other parts of the world.Epidemiol. Infect. 124:449-457.  

20. Ivanova St., A. Toshev, M. Mihneva. Seroprevalence of parvovirus B19 infection among 

women of childbearing age and pregnancy. Science Infectology and Parasitology,2,2014,37-

40. 

21. Koenig MD, Tussing-Humphreys L, Day J, Cadwell B, Nemeth E. Hepcidin and iron 

homeostasis during pregnancy. Nutrients. 2014 Aug 4;6(8):3062-83.  

 

 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Koenig%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=25093277
http://www.ncbi.nlm.nih.gov/pubmed?term=Tussing-Humphreys%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25093277
http://www.ncbi.nlm.nih.gov/pubmed?term=Day%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25093277
http://www.ncbi.nlm.nih.gov/pubmed?term=Cadwell%20B%5BAuthor%5D&cauthor=true&cauthor_uid=25093277
http://www.ncbi.nlm.nih.gov/pubmed?term=Nemeth%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25093277
http://www.ncbi.nlm.nih.gov/pubmed/25093277


Science & Research 

Volume I, 2017, Number 1: MEDICAL BIOLOGY STUDIES, CLINICAL STUDIES, 

SOCIAL MEDICINE AND HEALTH CARE 
 

40 

 

 

 


