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ABSTRACT
Parvovirus B19 infection during pregnancy causes up to
27% cases of non-immune hydrops in anatomically normal
fetuses. The virus is believed to cause arrest of maturation of
red blood cell precursors at the late normoblast stage and also
causes a decrease in the number of platelets. Fetal anemia is
presently thought to be responsible for the development of
skin edema and effusions. Myocarditis leading to heart
failure may contribute to the development of fetal hydrops.
We reviewed the literature regarding prevalence, transmission
rates, clinical presentation, diagnostic techniques, current
invasive vs. conservative management options, outcome and
postmortem findings in a total of 82 studies involving 230
invasively and 435 conservatively managed pregnancies. In
this non-selected population, the proportion of seronegative
susceptible mothers ranged from 19 to 65%, seroconversion
with an incubation time of up to 20 days occurred in 5.7–
12.1%, and 188/230 (82%) who were transfused infected
fetuses had a normal outcome as opposed to only 239/435
(55%) in the conservatively managed group. The average
time from diagnosis to resolution in both groups was 6 weeks
(range, 3–12 and 2–12 weeks, respectively). The most promising diagnostic techniques were PCR of amniotic fluid or
fetal blood and electron microscopy. There are some reports
of fetal abnormalities occurring (probably coincidentally) in
cases of parvovirus, but the majority of postmortem findings
were infection-related, in particular myocarditis and hepatic
abnormalities. Although management guidelines cannot be
derived from this study due to the variable degree of hydrops
in the analyzed studies, the present data suggest a benefit
of transfusion therapy over conservative management in
infected fetuses. The only study which was corrected for
severity of hydrops using ultrasound criteria showed a clear
benefit of intrauterine transfusion.

INTRODUCTION
The name parvovirus B19 was introduced to avoid possible
confusion with the human papilloma virus (HPV) family.

Parvoviruses B1–18 do not exist1. Symptoms in infected
mothers include mild fever, headache, ‘slapped cheek’
appearance, erythematous rash, arthralgia and arthritis2.
Parvovirus B19 accounts for up to 27% of cases of nonimmune hydrops fetalis (NIHF) in anatomically normal
fetuses3. Infection of fetuses is especially damaging between
10 and 20 weeks of gestation. During this time, the major
development of the erythroid precursors takes place, and parvovirus B19 infections lead to arrest of maturation of these
cells at the late normoblast stage and extremely low hemoglobin levels have been reported4. Disrupted red blood cell
development and a rapidly expanding blood volume are the
underlying causes for the fetal vulnerability but neutropenia
or thrombocytopenia may also contribute to this. The virus
may also affect the myocardium, culminating in myocarditis;
the resulting high output cardiac failure can lead to tissue
hypoxemia, fetal hydrops and effusions.
Sonographically detectable markers of fetal compromise
include increased (> 95th centile) cardiac biventricular outer
diameter5, pericardial or pleural effusions, ascites, abdominal
wall edema, bilateral hydroceles, amniotic fluid volume
disorders, hydrocephalus, microcephaly, intracranial and
hepatic calcification and sporadic cases of contractures6.
Laboratory diagnosis can be achieved through specific IgM
antibodies or the detection of viral DNA by polymerase chain
reaction (PCR) or electron microscopy (EM). Virus culture
usually fails. Increased maternal serum alpha-fetoprotein
(AFP) has also been used as a prognostic factor for poor
outcome7.
Although abnormalities have been reported in infected
fetuses, there are no reports presenting evidence of fetal
malformation as a result of parvovirus B19 infection. The
use of intrauterine transfusion can lead to resolution of the
fetal hydrops. Direct fetal digitalization has also been used
and in postnatal immunodeficient patients with chronic
aplastic anemia, immunoglobulins have been successfully
administered2,3. There is one report of terminal cardiac heart
failure in a 34-week fetus, which had a successful transplant
postnatally8. In view of these therapeutic options, termination of pregnancy is rarely indicated.
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I N C I D E N C E / T R ANS MI S S I ON
Maternal infection with parvovirus B19 is estimated to occur
in 0.25–6% of susceptible pregnancies (Table 1). It has been
estimated that fetal death occurs in 9% of these cases, which
suggests that parvovirus B19 may cause more than 150 fetal
deaths in England and Wales each year9.
After exposure, there is a minimal or no risk of transmission if the mother has positive IgG titers for parvovirus
B19 and maternal IgM is negative indicating maternal reinfection. For the majority of pregnancies in which maternal
seroconversion occurs, transmission of infection to the
fetus will not take place. If transmission occurs, there may
be spontaneous abortion, fetal hydrops or isolated fetal
myocarditis with cardiomegaly and heart failure. There are
several factors which determine a fetus at risk. Adverse prognostic factors are high maternal age, maternal immunity and
seroconversion, raised maternal AFP and ultrasound findings.
Maternal infection results in increased miscarriage and
stillbirth even in the absence of transplacental transmission,
which occurs in approximately one third of infected mothers.
The overall risk of fetal loss following maternal exposure is
much less than previously thought, and may be less than 3%
in the first 20 weeks of gestation or approximately 10% if the
mother is actually infected10. In the study by Enders and
Biber11, 2279 pregnant women were screened for antiparvovirus B19 IgG and IgM antibodies. Of these, 41% were seronegative and 54% had specific IgG but no IgM antibodies,
indicating an infection in earlier life. Acute infection was
demonstrated by IgM antibody detection in 114 pregnant
women (32% in the first, 54% in the second and 14% in the
third trimesters)11. Serum remaining from specimens submitted for diagnosis from 6864 people of all ages to seven
public health laboratories in England was tested for antibody
to parvovirus B19. The antibody prevalence rose with age to
45% at 10 years and 60% to 70% in adults. The age-specific
risk of infection was highest in children aged less than 10 years
and was lowest in adults.
Data from studies of outbreaks of parvovirus B19associated erythema infectiosum and aplastic crisis suggest
that the risk of infection among susceptible adults following
household exposure to a parvovirus B19-infected person is
approximately 50% and following school exposures during

outbreaks of erythema infectiosum is 20–30%. All susceptible school staff members appear to be at risk of infection during outbreaks. Based on these and other data we can estimate
that pregnant women whose serological status is unknown
have a less than 2.5% chance of suffering fetal loss after
household exposure and less than 1.5% chance after school
exposure12. The relative risk of maternal parvovirus B19
infection was 2.8 if the source was a related child living in the
household (95% confidence interval, 1.7– 4.6; P < 0.001).
No significant differences were found for maternal parvovirus
B19 infection in eight categories of maternal occupation.
Maternal symptoms of polyarthralgia (46%), fever (19%),
and non-specific rash (38%) were significantly more common
(P < 0.001) in IgM-positive patients than in non-infected
women (4.1%, 2.8%, and 5.7%, respectively). Only 17 (33%)
of the IgM-positive women were entirely asymptomatic13.
A prospective study during a non-epidemic period included
457 women admitted to an antenatal care center. Serum samples
were collected at 7–13, 21, and 33 weeks of gestation, and 7–
9 weeks after delivery. Parvovirus-specific antibodies were
present in 81% of the women in the first sample. Six women
(6/88 susceptible, 6.8%) underwent seroconversion and 28
women (28/369, 7.6%) boosted their antibody response during or after pregnancy. All gave birth to healthy infants. One
woman free of symptoms experienced an intrauterine fetal
death at 37 weeks of gestation. She had no rise in parvovirus
B19 antibodies during pregnancy, but parvoviral DNA was
found in maternal serum samples and in the placenta14. One
thousand six hundred and ten women who were < 28 weeks’
pregnant at enrolment were screened for parvovirus infection.
The prevalence of IgG positivity was 35.03% (564/1610).
The incidence of acute infection during pregnancy was 5.7%
(60/1046). There were five miscarriages among the parvovirus
B19-infected women but only one was caused by parvovirus,
as assessed by histological examination and PCR. The incidence of fetal loss caused by parvovirus was therefore 1.66%
(1/60). The remaining 55 pregnancies were uneventful and
at 1 year of age, none of the infants had serious abnormalities. The incidence of vertical transmission of infection was
estimated to be 25%. This study provides evidence that
although acute parvovirus infection may occur relatively
commonly during pregnancy, an adverse fetal outcome is a
rare complication15.

Table 1 Results of studies involving more than 11 210 pregnancies reporting maternal immunity, seroconversion, rate of infected fetuses and outcome
Ref

n

Sero-negative mothers

Seroconversion rate

Transmission rate

12

NM

NM

NM (50%, household exp.)
NM (20–30%, school exp.)
114/934 (5%)

10/114 (8.7%)

About 1 : 400

NM

60/1046 (5.7%)
6/88 (6.8%)

1/60 (1.66%)
1/6 (16.6%)

(range, 0.25– 6.8%)

(range, 1.66–16.6%)

11

2279

9

6864

15
14

1610
457

Total

11 210

934/2279(41%)
32% 1st trimester
54% 2nd trimester
14% 3rd trimester
55% (10 years)
30 – 40% (adults)
1046/1610 (65%)
88/457 (19%)
(range, 19 – 65%)

Ref, reference; NM, not mentioned; exp, exposure.
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A recent study, investigating 30 946 serum samples, found
that the risk of maternal infection is highest in epidemics and
is directly proportional to the number of children at home.
Nursery school teachers have a three-fold increased risk of
seroconversion16.

PATHOPHYSIOLOGY
Parvovirus B19, the only known human pathogenic parvovirus, is highly tropic to human bone marrow and replicates
only in erythroid progenitor cells. The basis of this erythroid
tropism is the tissue distribution of the parvovirus B19 cellular receptor, globoside (blood group P antigen)17. The tissue
distribution of the P antigen is consistent and helps explain
the extreme tropism of parvovirus B19 for erythroid cells.
Cells in the S-phase of DNA mitosis are particularly vulnerable to parvovirus B19. Infections may be cytolytic to selected
cell groups, resulting in specific developmental defects, or
may produce more generalized effects such as anemia,
pancytopenia, or hemorrhage. The fetus is at particular risk
because of the vast number of cells in active mitosis. The P
antigen is also found on fetal cardiac myocytes18, consistent
with evidence that the fetus infected with parvovirus B19
can develop myocarditis. In individuals with underlying
hemolytic disorders, infection with parvovirus B19 is the
primary cause of transient aplastic crisis. In immunocompromised patients, persistent parvovirus B19 infection may
develop that manifests as pure red cell aplasia and chronic
anemia19.

CLINICAL PRESENTATION
Parvovirus B19 is a widespread virus with the primary infection generally occurring in childhood through family and
community outbreaks. Its most typical manifestation is transient erythroblastopenia with aplastic crisis. This is often
profound, mostly affecting patients with chronic hemolytic
anemia or those with defective erythropoiesis (chronic
hypoplastic anemia, iron deficiency anemia). In normal
individuals the primary parvovirus B19 infection is usually

asymptomatic but may give transient hematological signs for
a few days: moderate reticulocytopenia, thrombopenia and
neutropenia.
Clinically, two phases of the infection are described: a first
phase of viremia of 2–3 days which may be accompanied by
fever and myalgia, and a second phase which may last for
several weeks, with dermatological signs (the most typical one
being erythema infectiosum), vasculitis, arthralgias or arthritis.
Long-term persistence of the virus in the organism may be
responsible for chronic manifestation, essentially but not
exclusively in immunodeficient patients: prolonged erythroblastopenia and chronic rheumatological manifestations. It
may also be responsible for cases of juvenile arthritis, thrombocytopenic purpura and chronic neutropenia of childhood.
In pregnant women, the primary infection with parvovirus
B19 may lead to fetal anemia and hydrops fetalis with variable outcomes: fetal death, hydrops fetalis, congenital anemia
or spontaneous resolution20. Although the incidence of
fetal parvovirus B19 infection in non-immunized pregnant
women is still unknown, the question is raised of the recognition and protection of non-immunized pregnant women at
high risk of exposure to infected subjects21.
During the first trimester, fetuses with parvovirus B19
infection can present with increased nuchal translucency 22,
myocarditis and intrauterine growth restriction (IUGR)23.
Transmission to the fetus in the second trimester can lead to
pleural effusions, ascites, cardiomegaly, hydrops4 and meconium peritonitis24,25. In the third trimester or postpartum,
parvovirus B19 infection can appear as bone marrow failure
with prolonged aplastic periods26.

DIAGNOSTIC TECHNIQUES
Diagnostic techniques aim at detecting maternal antibodies
or either viral particles or DNA in maternal serum, amniotic
fluid or fetal blood (Table 2). Parvovirus B19 may individually affect one of two fetuses in a dichorionic diamniotic twin
pregnancy27. Zerbini et al.28 analyzed the diagnostic value of
virological and serological techniques on maternal serum,
fetal cord blood, and amniotic fluid specimens obtained at

Table 2 Diagnostic techniques and samples used for diagnosing congenital parvovirus B19 infections
Ref

Sample

Technique

36
24
32
59
29
33
60,61
30
31
24
31
29
34
35

Maternal serum
Maternal serum
Maternal serum
Maternal serum
Maternal serum
Maternal serum
Amniotic fluid
Amniotic fluid
Amniotic fluid
Fetal blood
Fetal blood
Fetal serum
Fetal heart tissue
Fetal tissues

IgG/ IgM, ELISA, Western blot, immunofluorescence
In situ hybridization
AFP (elevated prior to detection of hydrops)
AFP (elevated)
PCR
IgG antibodies against viral non-structural protein NS1
PCR
PCR, Southern blot, chemiluminescence
Enzymatic amplification of parvovirus B19 (segment)
PCR, dot-blot hybridization, in situ hybridization
Enzymatic amplification of parvovirus B19 (segment)
PCR
Microscopy: VP1 and VP2 viral particles
Microscopy: histology was found to be as sensitive as PCR

Ref, reference; Ig, immunoglobulin; ELISA, enzyme-linked immunosorbent assay; AFP, alpha-fetoprotein; PCR, polymerase chain reaction
(DNA test).
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the time of clinical diagnosis of parvovirus B19 fetal hydrops.
Parvoviral B19 DNA was detected by nested PCR, dot blot
hybridization and in situ hybridization. Anti-parvovirus B19
IgM and IgG antibodies were detected by immunoassays
using recombinant parvovirus B19 antigens. They found that
for maternal sera, virological and serological methods have
a complementary role in diagnosis, while for fetal specimens
the in situ detection of parvoviral B19 DNA in fetal cord
blood is the most sensitive diagnostic system. Dieck et al.29
concluded that, at least in doubtful cases, the sensitive PCR
for DNA detection is indicated and may be the best indicator
of infection not only in fetal but also in maternal blood.
Wattre et al.30 concluded that amniotic fluid was the most
common and reliable sample for use with PCR, electrophoresis
and Southern blot hybridization following chemiluminescence detection. Kovacs et al.31 used amniotic fluid and fetal
blood for an assay based on enzymatic amplification of a
segment of the human parvovirus B19 genome. Carrington
et al.32 analyzed maternal serum of five affected fetuses and
11 unaffected cases with parvovirus B19 infection during
pregnancy and found a correlation between raised maternal
serum AFP level and poor prognosis for the affected pregnancies, with the subsequent development of hydrops
fetalis. Hemauer et al.33 used IgG antibodies against the viral
non-structural protein NS1 and found that, in persistent or
prolonged parvovirus B19 infections, the prevalence of NS1specific antibodies was as high as 80% and therefore may be an
indicator of chronic or more severe courses of parvovirus B19
infection. Respondek et al.34 and Mark et al.35 investigated
techniques in fetal tissues and found that microscopy techniques (to identify intranuclear inclusions such as electrondense marginated chromatin and virus particle clusters or
crystalline arrays) are as sensitive as PCR. Although some
data are available regarding the sensitivity or specificity of
commercially available tests36, there has been little comparison of the sensitivities and specificities of the various tests.
There is one recent publication on Doppler velocimetry for
the management of pregnancies with proven seroconversion
for parvovirus B1937. The results appear encouraging especially as three of the nine anemic fetuses had hydrops and one
had ascites. Further studies are required since increased fetal
cardiac output with parvovirus B19 could be masked by both
severe myocarditis and cardiac dilatation. It is, however,
known from rhesus disease that fetal hydrops develops if
hemoglobin concentration deficit exceeds 6 g/dL38. This
development may be the result of several mechanisms including extensive infiltration of the liver by erythropoietic tissue
leading to portal hypertension as the result of compression of
portal vessels, and hypoproteinemia39, and at this very low
level of hemoglobin, the oxygen content may decrease below
a critical level of 2 mmol/L40. There are several reports on
rhesus immunization describing increased fetal cardiac output,
most likely to maintain adequate oxygen delivery to tissues
in anemia41. Based on this observation, several investigators
found increased blood flow velocities in such fetuses42. A
recent multicenter study involving 111 rhesus-immunized
fetuses found increased peak velocity in the middle cerebral
artery in all fetuses with moderate or severe anemia, whereas
none of the fetuses with a peak velocity below the mean was
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anemic43. Although the mechanism of the development of
fetal anemia with parvovirus B19 is different from rhesus
disease and antibodies are of limited diagnostic use, it could
be speculated that anemia may be detected by increased
peak systolic velocity prior to the appearance of sonographically detectable markers of hydrops. This hypothesis,
however, awaits confirmation. The observation of reversed
flow in the ductus venosus could be explained by both end-stage
heart failure8 and regurgitation due to valve insufficiency.

MANAGEMENT
At the present time, the finding of parvovirus B19 infection
is usually serendipitous based on the finding of fetal hydrops
on a routine scan. If significant progress is to be made in the
management of this condition, I would recommend routine
screening for B19 antibodies in all women and the monitoring of all seronegative women for 6 weeks after exposure to
detect seroconversion, although the incubation time may be
only 3 weeks. Key monitoring parameters would be MCA
Doppler, cardiomegaly and ductus venosus blood flow.
Treatment options for confirmed cases of fetal parvovirus
B19 infection include:
1 expectant management using close ultrasound surveillance and intrauterine transfusion, if required;
2 cordocentesis in all fetuses and transfusions in those with
anemia;
3 immediate delivery after 33 weeks;
4 termination of pregnancy of non-viable fetuses with severe
hydrops (not recommended, see options 1 and 2)44.
The first option could be extended using fetal arterial peak
systolic velocimetry. In the absence of increased peak blood
flow velocity, without cardiomegaly, expectant management
and close ultrasound surveillance seems justified in all cases
of seroconversion. If cordocentesis is performed, however,
anemia could be detected before a critical decrease of hemoglobin of > 6 g/dL from the normal and before the development
of severe hydrops; in parvovirus B19 there is no boost for the
maternal development of antibodies known for rhesus isoimmunization which could justify a more invasive approach.
Once sonographic signs of hydrops are present, transfusion
is indicated using erythrocytes and platelets.
Adverse prognostic parameters are maternal seroconversion at an early gestation, early gestational age at detection
of non-immune hydrops, the number and results of fetal
blood samples and prolonged duration from intrauterine
transfusion to resolution of hydrops. In postpartum patients,
treatment for parvovirus B19-associated neutropenia was
attempted using rhesus G-CSF in a patient with malignancy45
and with low doses of gammaglobulin in a family with acute
red cell aplasia46. The results of studies investigating transfusion and conservatively managed cases of confirmed fetal
parvovirus B19 infection are shown in Tables 3 and 4. In
the transfused group, there were 705 cases and in the nontransfused group there were 731 cases. The survival rate in
the transfused group was 188/230 (82%) as opposed to 239/
435 (55%) in the non-transfused group. These data suggest
a significant advantage of transfusion vs. conservative treatment regardless of procedure-related complications.
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Table 3 Summary of the results of 14 studies involving a total of 705 confirmed cases of fetal parvovirus B19 infection, in 230 of which the fetus
received intrauterine transfusion

Ref
11

n*

GA at cordocentesis
(weeks)

Transfusion

GA at and time to resolution

Outcome

5 transfused

NM

21, 22
26, 27, 28
26
21

IVT
IVT
IVT
IVT
1 IVT attempted

25 weeks (3 weeks to resolution)
30 weeks (4 weeks to resolution)
5 weeks to resolution
27 weeks (6 weeks to resolution)
15–28 weeks (4 weeks to resolution)

5/5 (100%) transfused, survival (1 ongoing)
3 IUFD hydropic fetuses second trimester
2 TOP (1 hydropic, 1 for other reasons)
Total fetal death: 9 (7.8%)
2/2 (100%) transfused, survival

25
18–27

IVT
5 transfused

29 weeks (4 weeks to resolution)
Average time to resolution 4 weeks

10 24–28

4

2

62
63
60

1
1
11

64
65

1
8

66
67

1
38

17

IVT
12 transfused

7 weeks to resolution
NM

68

17

32, 33
23
24

IVT

69
70

1
38

22
26
23
19

44

539

IVT
IVT
IVT
IPT
164 IVT

Hydropic at 34 weeks (delivery)
IUFD 24 h after transfusion
29 weeks (5 weeks to resolution),
IUFD 32 weeks
27 weeks (5 weeks to resolution)
35 weeks (9 weeks to resolution)
35 weeks (12 weeks to resolution)
23 weeks (4 weeks to resolution)
6 weeks to resolution in 94%

71

37

30 IVT

NM

230 IVT

Average 6 weeks to resolution
(range 3–12 weeks)

Total 705

1/1 (100%) transfused, survival
1/1 (100%) transfused, survival
0/1 (0%) transfused, survival (IUFD after IVT)
7/10 (70%) survival, 3 IUFD
0/1 (0%) survival, placental detachment
3/5 (60%) transfused, survival
2/5 (40%) transfused, IUFD
2/3 (66%) not transfused, survival
1/3 (33%) TOP
1/1 (100%) transfused, survival
9/12 (75%) transfused, survival, 3 IUFD
13/26 (50%) not transfused, survival
13/26 (50%) not transfused, IUFD
(data corrected for severity of hydrops)
1/3 (33%) transfused, normal, 1 IUFD
14/14 (100%) not transfused, IUFD

1/1 (100%) transfused, survival
3/3 (100%) transfused, survival
35/35 (100%) not transfused, survival
137/164 (83.5%) transfused, survival
27/164 (16%) transfused, IUFD
158/303 (52%) spontaneous resolution, survival
138/303 (46%) not transfused, IUFD
7/303 (2%) not transfused, TOP
72 missing outcome and/or transfusion information
24/30 (80%) transfused, survival
5/30 (16.6%) transfused, IUFD
1/30 (3.3%) transfused, neonatal death
188/230 (82%) transfused, survival

*Total of confirmed cases of fetal parvovirus B19 infection (hydrops, fetal IgM, PCR or EM-positive). Ref, reference; GA, gestational age;
IVT, intravascular transfusion; IPT, intraperitoneal transfusion, NM, not mentioned; IUFD, intrauterine fetal death; TOP, termination of pregnancy.

POSTMORTEM
Postmortem evaluation of infected fetuses (Table 5) has
demonstrated that in the majority of cases there are abnormalities in either the erythroblasts or the hepatic cells which
are believed to be infection-related. The findings of hepatic
siderosis with fibrosis and bile duct proliferation have
been proposed for the histological identification of cases
of fetal parvovirus B19 infection47. Others have reported a
pronounced leukoerythroblastic reaction, hepatitis and
eosinophilic changes in the hematopoietic cell nuclei48 or
intranuclear inclusions in erythroid cells49,50. Histological
examinations of fetal tissues demonstrated leukoerythroblastic reaction in the liver and spleen, granular hemosiderin
deposition in hepatocytes and Kupffer cells, and bilirubin
deposition in the intercellular space in the liver. This evidence
indicates that, in some fetuses with intrauterine human
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parvovirus B19 infection, hydropic changes may be induced
by the sudden decrease in oxygen-carrying capacity of the
blood due to severe anemia caused by the infection51. In
16/16 mid-trimester spontaneous abortions with confirmed
parvovirus infection, erythroblasts with intranuclear inclusions (lantern cells) were found with no other structural malformations. The authors postulated that parvovirus B19
infection may be a particular threat to the fetus during this
stage of gestation, because lantern cells were found in all of
the fetuses52.
Some authors have reported abnormalities of the fetal
heart or brain. Infection of fetal organs and vascular inflammation have both been held responsible for the observed
pathology in prenatal parvovirus B19 infection. There is one
report with myocardial infarction, splenic calcifications
and mild hydrocephalus, and another with moderate hydrocephalus with central nervous system scarring53 perhaps due
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to hemorrhage as a result of thrombocytopenia. In a series of
673 fetal and neonatal autopsies, there were five of 32 (16%)
hydropic fetuses with confirmed parvovirus B19 infection
and one with a ventricular septal defect (VSD)54. The incidence of this cardiac anomaly in the general population is
about 1 : 500 and it is therefore unlikely that the observed
VSD can be attributed to parvovirus B19. In addition, if there
had been a fetal parvovirus B19 infection at the time of fetal
cardiac development, this fetus would most likely have spontaneously aborted. In a series of 15 cases of cardiac involvement, 10 of the cases were collected from fetuses during the
second trimester of maternal–fetal infection. In situ hybridization detected viral DNA sequences in the nucleus of
infected myoblasts with myocarditis as the most frequent histological damage. Therefore, cardiac failure, secondary to
myocarditis, may occur in the absence of fetal anemia. In
cases of severe anemia, as usually occurs in cases of hydrops,
damage to the cardiac tissues might hamper the reactive
increase of cardiac output due to the anemia. This might
account for the poor prognosis of parvovirus B19 fetal
hydrops in the second trimester of pregnancy, despite transfusion therapy attempts in the third trimester55.

von Kaisenberg and Jonat
Evidence of viral DNA in lung tissue has also been
reported. In a series of 13 cases of unexplained non-immune
hydrops fetalis, there were four specimens containing parvovirus DNA in cells in the blood vessel lumina and alveoli confirmed by in situ hybridization56. There is one report with
multiple structural defects at prenatal ultrasound examination. After termination of the pregnancy, a bilateral cleft lip,
alveolus and palate, micrognathia and webbed joints were
seen. Fetal tissues showed indications of infection, intranuclear inclusion bodies, chronic stress, hemolysis, arterial wall
damage, and profuse hemorrhage57. Other reports include
anencephaly or multiple ocular abnormalities58. Histological
changes in erythrocytes, liver, spleen, lung and heart are most
likely due to the congenital parvovirus B19 infection,
whereas fetal malformations such as cleft lip and palate, ocular abnormalities, webbed joints, myocardial infarction or
VSDs, anencephaly and even hydrocephaly or central nervous system scarring are either sporadic in parvovirus B19 or,
most likely, coincidental. Alternatively, some fetal abnormalities may render the fetus more prone to congenital parvovirus B19 infection and therefore the incidence in such fetuses
may be higher than in a general population.

Table 4 Summary of the results of 23 studies involving a total of 435 confirmed fetal parvovirus B19 infections which were conservatively managed
Ref

n*

Diagnosis to resolution of hydrops

Outcome

NM

0/5 (0%) survival
2/5 (40%) TOP (1 hydropic, 1 for other reasons)
0/1 (0%) survival, IUFD (26 weeks)
0/2 (0%) survival, IUFD (24, 26 weeks)

11

10

72
51

1
2

58

11

73
74
75
76
77

1
2
1
1
2

5

2

60
78
79
27
65

11
2
1
2
8

14 weeks
Both 27 weeks (5 weeks to resolution)
26 weeks (6 weeks to resolution)
21 weeks (2 weeks to resolution)
22 weeks, week of resolution NM
27 weeks (3 weeks to resolution)
30 weeks (6 weeks to resolution)
24 weeks (2 weeks to resolution)
15–28 weeks (4 weeks to resolution)
23 weeks
40 weeks
18 weeks
18–27 weeks (4 weeks to resolution)

67

38

NM

80
81

1
3

68
82
70
44

17
1
38
539

71

37

Total

731

18 weeks
21 weeks, IUFD at 26 weeks, still hydropic at
22, 24 weeks PPROM and neonatal death
11 hydropic

NM (4 weeks to resolution)
12 weeks (10 weeks to resolution)
12 weeks (6 weeks to resolution)
12 weeks (10 weeks to resolution)
11–35 weeks
21 weeks (6 weeks to resolution)
19, 23, 26 weeks (4, 9, 12 weeks to resolution)
weeks to resolution: < 5 : 66%; 5–8: 20%; > 8: 14%

2/11 (18%) survival
2/11 (18%) TOP
0/1 (0%) survival
2/2 (100%) survival
1/1 (100%) survival
1/1 (100%) survival
2/2 (100%) survival
2/2 (100%) survival
7/10 (70%) survival, 3 IUFD, 1 attempted transfusion (Table 4)
2/2 (100%) survival, monochorionic, diamniotic twins
0/1 (0%) survival
0/1 (0%) survival (twin pregnancy with one affected)
2/3 (66%) survival
1/3 (33%) TOP
13/26 (50%) survival
(data corrected for severity of hydrops)
1/1 (100%) survival
3/3 (100%) survival

7 weeks

0/14 (0%) survival
1/1 (100%) survival
35/35 (100%) survival
158/303 (52%) survival
7/303 (2%) TOP
72 missing outcome and/or transfusion information
7/7 (100%) survival

Average 6 weeks (range 2–12 weeks)

239/435 (55%) survival

*Total of confirmed cases of fetal parvovirus B19 infection (hydrops, fetal IgM, PCR or EM-positive). Ref, reference; NM, not mentioned; IUFD,
intrauterine fetal death; PPROM, preterm premature rupture of membranes; TOP, termination of pregnancy.
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Table 5 Postmortem findings in a total of 66 cases in association with parvovirus B19 infection of fetuses
Ref

Organ

n

53
53
53
58
58

Brain

1
1
1
1
1

Mild hydrocephalus
Moderate hydrocephalus
Central nervous system scarring
Anencephaly
Ocular (microphthalmia, absent lens and iris)

57

Face

1

Bilateral cleft lip and palate, micrognathia

83
53
54
55

Heart

1
1
1
15

51
51
51
47
48
48
48
49

Liver

2

50
52

Red Cells

16
16

57

Skeleton

1

Webbed joints

51
53

Spleen

2
1

Leukoerythroblastic reaction
Calcifications

1
2

1

Histology

Postpartum lethal myocarditis
Myocardial infarction
Ventricular septal defect
Myocarditis
Leukoerythroblastic reaction
Hemosiderin deposition (hepatocytes, Kupffer cells)
Bilirubin deposition in intercellular space
Siderosis with fibrosis and bile duct proliferation
Leukoerythroblastic reaction
Eosinophilic changes in the hematopoietic cell nuclei
Hepatitis, excessive iron pigment
Intranuclear inclusions in erythroid cells
Abnormal erythroblasts with typical nuclear inclusions
Erythroblasts with intranuclear inclusions (lantern cells)

Ref, reference.

CONCLUSION

R EF ER ENC ES

We have reviewed the literature regarding prevalence, transmission rates, clinical presentation, diagnostic techniques,
invasive vs. conservative management options, outcome and
postmortem findings in a total of 82 studies involving 230
invasive and 435 conservatively managed pregnancies.
Seronegative susceptible mothers ranged from 19 to 65%,
seroconversion occurred in 0.25–6.8%, 188/230 (82%) transfused infected fetuses were normal as opposed to only 239/
435 (55%) in the conservatively managed group. The average
time from diagnosis to resolution in both groups was 6 weeks.
The most promising diagnostic techniques were PCR of
amniotic fluid or fetal blood and electron microscopy. There
are some reports on fetal abnormalities being associated
with parvovirus, but the majority of postmortem findings
were infection-related, in particular myocarditis and hepatic
abnormalities, and it is most likely that the findings of fetal
malformations are coincidental. Although management
guidelines cannot be definitively derived from this review due
to the variable degree of hydrops in the studies analyzed,
there is evidence of a benefit of transfusion therapy in infected
fetuses.

1 Kumar M. Human parvovirus B19 and its associated diseases. Clin
Perinatol 1991; 18: 209–25
2 Fridell E. B19 human parvovirus in pregnancy. Scand J Infect Dis
Suppl 1990; 71: 71–2
3 Hall J. Parvovirus B19 infection in pregnancy. Arch Dis Child Fetal
Neonatal Ed 1994; 71: F4–5
4 Peters MT, Nicolaides KH. Cordocentesis for the diagnosis and
treatment of human fetal parvovirus infection. Obstet Gynecol
1990; 75: 501– 4
5 Sheikh AU, Ernest JM, O’Shea M. Long-term outcome in fetal
hydrops from parvovirus B19 infection. Am J Obstet Gynecol 1992;
167: 337– 41
6 Weiner CP, Grose CF, Naides SJ. Diagnosis of fetal infection in the
patient with an ultrasonographically detected abnormality but a negative clinical history. Am J Obstet Gynecol 1993; 168: 6–11
7 Boley TJ, Popek EJ. Parvovirus infection in pregnancy. Semin Perinatol 1993; 17: 410– 9
8 von Kaisenberg CS, Bender G, Scheewe J, Lange M, Stieh J, Kramer HH,
Cremer J, Jonat W. A case of fetal parvovirus B19 myocarditis,
terminal cardiac heart failure, and perinatal heart transplantation.
Fetal Diagn Ther 2001; in press
9 Gay NJ, Hesketh LM, Cohen BJ, Rush M, Bates C, Morgan-Capner P,
Miller E. Age specific antibody prevalence to parvovirus B19: how
many women are infected in pregnancy? Commun Dis Rep CDR Rev
1994; 4: R104–7
10 Berry PJ, Gray ES, Porter HJ, Burton PA. Parvovirus infection of the
human fetus and newborn. Semin Diagn Pathol 1992; 9: 4–12
11 Enders G, Biber M. Parvovirus B19 infections in pregnancy. Behring
Inst Mitt 1990; 85: 74– 8
12 Anderson LJ, Gillespie SM, Torok TJ, Hurwitz ES, Tsou CJ, Gary GW.
Risk of infection following exposures to human parvovirus B19.
Behring Inst Mitt 1990; 85: 60–3
13 Harger JH, Adler SP, Koch WC, Harger GF. Prospective evaluation
of 618 pregnant women exposed to parvovirus B19: risks and symptoms. Obstet Gynecol 1998; 91: 413–20

ACKNOWLEDGMENTS
We would like to thank Kirsten Golombeck and Christoph
Mundhenke for their assistance during the transfusions, Joana
Miller and Rita Kühl-Burmeister for expert preparation of the
donor blood and transfusion equipment, and Michael Vaeth
for helpful discussions on statistical presentation of the data.

286

Ultrasound in Obstetrics and Gynecology

Fetal parvovirus B19 infection
14 Skjoldebrand-Sparre L, Fridell E, Nyman M, Wahren B. A prospective study of antibodies against parvovirus B19 in pregnancy. Acta
Obstet Gynecol Scand 1996; 75: 336–9
15 Gratacos E, Torres PJ, Vidal J, Antolin E, Costa J, Jimenez de Anta
MT, Cararach V, Alonso PL, Fortuny A. The incidence of human
parvovirus B19 infection during pregnancy and its impact on perinatal outcome. J Infect Dis 1995; 171: 1360 –3
16 Valeur-Jensen AK, Pedersen CB, Westergaard T, Jensen IP, Lebech
M, Andersen PK, Aaby P, Pedersen BN, Melbye M. Risk factors for
parvovirus B19 infection in pregnancy. JAMA 1999; 281: 1099–105
17 Brown KE, Young NS. Parvovirus B19 infection and hematopoiesis.
Blood Rev 1995; 9: 176–82
18 Rouger P, Tsikas G, Gane P, Oriol R, Salmon C. Immunological
approach of anti-H (9), anti-Lewis (6), anti-P (3) and anti-Pr (1)
monoclonal antibodies. Rev Fr Transfus Immunohematol 1987; 30:
663–9
19 Brown KE, Young NS. Parvoviruses and bone marrow failure. Stem
Cells 1996; 14: 151– 63
20 Jordan EK, Sever JL. Fetal damage caused by parvoviral infections.
Reprod Toxicol 1994; 8: 161– 89
21 Tchernia G, Dussaix E, Laurian Y. Parvovirus B19 and pediatric
pathology. Arch Pediatr 1994; 1: 508–14
22 Smulian JC, Egan JF, Rodis JF. Fetal hydrops in the first trimester
associated with maternal parvovirus infection. J Clin Ultrasound
1998; 26: 314 – 6
23 Brandenburg H, Los FJ, Cohen-Overbeek TE. A case of early intrauterine parvovirus B19 infection. Prenat Diagn 1996; 16: 75–7
24 Zerbini M, Gentilomi GA, Gallinella G, Morandi R, Calvi S, Guerra
B, Musiani M. Intra-uterine parvovirus B19 infection and meconium
peritonitis. Prenat Diagn 1998; 18: 599– 606
25 Schild RL, Plath H, Thomas P, Schulte-Wissermann H, Eis-Hubinger
AM, Hansmann M. Fetal parvovirus B19 infection and meconium
peritonitis. Fetal Diagn Ther 1998; 13: 15–8
26 Miniero R, Dalponte S, Linari A, Saracco P, Testa A, Musiani M.
Severe Shwachman–Diamond syndrome and invasive parvovirus
B19 infection. Pediatr Hematol Oncol 1996; 13: 555–61
27 Pustilnik TB, Cohen AW. Parvovirus B19 infection in a twin pregnancy. Obstet Gynecol 1994; 83: 834–6
28 Zerbini M, Musiani M, Gentilomi G, Venturoli S, Gallinella G,
Morandi R. Comparative evaluation of virological and serological
methods in prenatal diagnosis of parvovirus B19 fetal hydrops. J Clin
Microbiol 1996; 34: 603–8
29 Dieck D, Schild RL, Hansmann M, Eis-Hubinger AM. Prenatal diagnosis of congenital parvovirus B19 infection: value of serological and
PCR techniques in maternal and fetal serum. Prenat Diagn 1999; 19:
1119–23
30 Wattre P, Dewilde A, Subtil D, Andreoletti L, Thirion VA. Clinical
and epidemiological study of human parvovirus B19 infection in fetal
hydrops using PCR Southern blot hybridization and chemiluminescence detection. J Med Virol 1998; 54: 140 – 4
31 Kovacs BW, Carlson DE, Shahbahrami B, Platt LD. Prenatal diagnosis of human parvovirus B19 in nonimmune hydrops fetalis by
polymerase chain reaction. Am J Obstet Gynecol 1992; 167: 461– 6
32 Carrington D, Gilmore DH, Whittle MJ, Aitken D, Gibson AA,
Patrick WJ, Brown T, Caul EO, Field AM, Clewley JP, et al. Maternal
serum alpha-fetoprotein—a marker of fetal aplastic crisis during
intrauterine human parvovirus infection. Lancet 1987; 1: 433–5
33 Hemauer A, Gigler A, Searle K, Beckenlehner K, Raab U, Broliden K,
Wolf H, Enders G, Modrow S. Seroprevalence of parvovirus B19
NS1-specific IgG in B19-infected and uninfected individuals and in
infected pregnant women. J Med Virol 2000; 60: 48–55
34 Respondek M, Bratosiewicz J, Pertynski T, Liberski PP. Parvovirus
particles in a fetal-heart with myocarditis: ultrastructural and immunohistochemical study. Arch Immunol Ther Exp (Warsz) 1997; 45:
465–70
35 Mark Y, Rogers BB, Oyer CE. Diagnosis and incidence of fetal parvovirus infection in an autopsy series. II. DNA Amplification. Pediatr
Pathol 1993; 13: 381– 6
36 Helftenbein E, Kunz H, Hartter P. [Laboratory diagnosis of parvovirus B19 infection: comparison of ten commercial IgG- and IgMantibody tests]. Immun Infekt 1994; 22: 181– 6

Ultrasound in Obstetrics and Gynecology

von Kaisenberg and Jonat
37 Delle Chiaie L, Buck G, Grab D, Terinde R. Prediction of fetal
anemia with Doppler measurement of the middle cerebral artery
peak systolic velocity in pregnancies complicated by maternal blood
group alloimmunization or parvovirus B19 infection. Ultrasound
Obstet Gynecol 2001; 18: 232– 6
38 Nicolaides KH, Soothill PW, Clewell WH, Rodeck CH, Mibashan
RS, Campbell S. Fetal haemoglobin measurement in the assessment
of red cell isoimmunisation. Lancet 1988; 1: 1073–5
39 Nicolaides KH, Warneski JC, Rodeck CH. The relationship of fetal
protein concentration and hemoglobin level to the development of
hydrops in rhesus isoimmunization. Am J Obstet Gynecol 1985;
152: 341– 4
40 Soothill PW, Nicolaides KH, Rodeck CH, Clewell WH, Lindridge J.
Relationship of fetal hemoglobin and oxygen content to lactate concentration in Rh isoimmunized pregnancies. Obstet Gynecol 1987;
69: 268–71
41 Huikeshoven FJ, Hope ID, Power GG, Gilbert RD, Longo LD. A
comparison of sheep and human fetal oxygen delivery systems with
use of a mathematical model. Am J Obstet Gynecol 1985; 151: 449–
55
42 Vyas S, Nicolaides K, Campbell S. Doppler examination of the
middle cerebral artery in anemic fetuses. Am J Obstet Gynecol 1990;
162: 1066–8
43 Mari G. Non-invasive diagnosis by Doppler ultrasonography of fetal
anemia due to maternal red-cell alloimmunization. N Engl J Med
2000; 342: 9–14
44 Rodis JF, Borgida AF, Wilson M, Egan JF, Leo MV, Odibo AO,
Campbell WA. Management of parvovirus infection in pregnancy
and outcomes of hydrops: a survey of members of the Society of
Perinatal Obstetricians. Am J Obstet Gynecol 1998; 179: 985–8
45 Gautier E, Bourhis JH, Bayle C, Cartron J, Pico JL, Tchernia G.
Parvovirus B19 associated neutropenia. Treatment with Rh G-CSF.
Hematol Cell Ther 1997; 39: 85–7
46 Martin-Nunez G, Gilsanz F, Schwarz TF, Roggendorf M. [Aplastic
crisis caused by Parvovirus B-19. Response to treatment with low
doses of gammaglobulin]. Enferm Infecc Microbiol Clin 1995; 13:
356– 60
47 White FV, Jordan J, Dickman PS, Knisely AS. Fetal parvovirus B19
infection and liver disease of antenatal onset in an infant with
Ebstein’s anomaly. Pediatr Pathol Lab Med 1995; 15: 121–9
48 Anand A, Gray ES, Brown T, Clewley JP, Cohen BJ. Human parvovirus infection in pregnancy and hydrops fetalis. N Engl J Med 1987;
316: 183– 6
49 Franciosi RA, Tattersall P. Fetal infection with human parvovirus
B19. Hum Pathol 1988; 19: 489–91
50 Nerlich A, Schwarz TF, Roggendorf M, Schramm T, Gloning KP,
Holzgreve W. Molecular biological demonstration of parvovirus infection in fetal tissue. Verh Dtsch Ges Pathol 1990; 74:
394–7
51 Maeda H, Shimokawa H, Satoh S, Nakano H, Nunoue T. Nonimmunologic hydrops fetalis resulting from intrauterine human parvovirus B-19 infection: report of two cases. Obstet Gynecol 1988; 72:
482–5
52 Schwarz TF, Nerlich A, Hottentrager B, Jager G, Wiest I, Kantimm
S, Roggendorf H, Schultz M, Gloning KP, Schramm T, et al. Parvovirus B19 infection of the fetus. Histology and in situ hybridization.
Am J Clin Pathol 1991; 96: 121– 6
53 Katz VL, McCoy MC, Kuller JA, Hansen WF. An association
between fetal parvovirus B19 infection and fetal anomalies: a report
of two cases. Am J Perinatol 1996; 13: 43–5
54 Rogers BB, Mark Y, Oyer CE. Diagnosis and incidence of fetal parvovirus infection in an autopsy series. I. Histology. Pediatr Pathol
1993; 13: 371–9
55 Soulie JC. Cardiac involvement in fetal parvovirus B19 infection.
Pathol Biol (Paris) 1995; 43: 416–9
56 Porter HJ, Khong TY, Evans MF, Chan VT, Fleming KA. Parvovirus
as a cause of hydrops fetalis: detection by in situ DNA hybridisation.
J Clin Pathol 1988; 41: 381–3
57 Tiessen RG, van Elsacker-Niele AM, Vermeij-Keers C, Oepkes D,
van Roosmalen J, Gorsira MC. A fetus with a parvovirus B19 infection and congenital anomalies. Prenat Diagn 1994; 14: 173 –6

287

Fetal parvovirus B19 infection
58 Rodis JF, Hovick TJ Jr, Quinn DL, Rosengren SS, Tattersall P.
Human parvovirus infection in pregnancy. Obstet Gynecol 1988;
72: 733– 8
59 Bernstein IM, Capeless EL. Elevated maternal serum alphafetoprotein and hydrops fetalis in association with fetal parvovirus
B-19 infection. Obstet Gynecol 1989; 74: 456 –7
60 Török TJ, Wang Q-Y, Gary GW Jr, Yang C-F, Finch TM, Anderson
LJ. Prenatal diagnosis of intrauterine infection with Parovirus B19 by
the polymerase chain reaction technique. Clin Infectious Diseases
1992; 14: 149–55
61 Nikkari S, Ekblad U. A rapid and safe method to detect fetal parvovirus B19 infection in amniotic fluid by polymerase chain reaction:
report of a case. Am J Perinatol 1995; 12: 447–9
62 Soothill P. Intrauterine blood transfusion for non-immune hydrops
fetalis due to parvovirus B19 infection. Lancet 1990; 336: 121–2
63 Sahakian V, Weiner CP, Naides SJ, Williamson RA, Scharosch LL.
Intrauterine transfusion treatment of nonimmune hydrops fetalis
secondary to human parvovirus B19 infection. Am J Obstet Gynecol
1991; 164: 1090 –1
64 Panero C, Azzi A, Carbone C, Pezzati M, Mainardi G, di Lollo S.
Fetoneonatal hydrops from human parvovirus B19. J Perinat Med
1994; 22: 257– 64
65 Smoleniec JS, Pillai M. Management of fetal hydrops associated
with parvovirus B19 infection. Br J Obstet Gynaecol 1994; 101:
1079– 81
66 Zelop C, Benacerraf BR. The causes and natural history of fetal
ascites. Prenat Diagn 1994; 14: 941– 6
67 Fairley CK, Smoleniec JS, Caul OE, Miller E. Observational study of
effect of intrauterine transfusions on outcome of fetal hydrops after
parvovirus B19 infection. Lancet 1995; 346: 1335–7
68 Cameron AD, Swain S, Patrick WJ. Human parvovirus B19 infection
associated with hydrops fetalis. Aust N Z J Obstet Gynaecol 1997;
37: 316–9
69 Mielke G, Enders G. Late onset of hydrops fetalis following intrauterine parvovirus B19 infection. Fetal Diagn Ther 1997; 12: 40–
2
70 Odibo AO, Campbell WA, Feldman D, Ling PY, Leo MV, Borgida
AF, Rodis JF. Resolution of human parvovirus B19-induced nonimmune hydrops after intrauterine transfusion. J Ultrasound Med
1998; 17: 547–50

288

von Kaisenberg and Jonat
71 Schild RL, Bald R, Plath H, Eis-Hubinger AM, Enders G, Hansmann M.
Intrauterine management of fetal parvovirus B19 infection. Ultrasound Obstet Gynecol 1999; 13: 161– 6
72 Matsunaga Y, Matsukura T, Yamazaki S, Sugase M, Izumi R.
Hydrops fetalis caused by intrauterine human parvovirus infection.
Jpn J Med Sci Biol 1987; 40: 165–9
73 Samra JS, Obhrai MS, Constantine G. Parvovirus infection in pregnancy. Obstet Gynecol 1989; 73: 832– 4
74 Gloning KP, Schramm T, Brusis E, Schwarz T, Roggendorf M. Successful intrauterine treatment of fetal hydrops caused by parvovirus
B19 infection. Behring Inst Mitt 1990; 85: 79–85
75 Humphrey W, Magoon M, O’Shaughnessy R. Severe nonimmune
hydrops secondary to parvovirus B-19 infection: Spontaneous
reversal in utero and survival of a term infant. Obstet Gynecol 1991;
78: 900 –2
76 Morey AL, Nicolini U, Welch CR, Economides D, Chamberlain PF,
Cohen BJ. Parvovirus B19 infection and transient fetal hydrops.
Lancet 1991; 337: 496
77 Pryde PG, Nugent CE, Pridjian G, Barr M Jr, Faix RG. Spontaneous
resolution of nonimmune hydrops fetalis secondary to human
parvovirus B19 infection. Obstet Gynecol 1992; 79: 859– 61
78 Weiner CP, Naides SJ. Fetal survival after human parvovirus B19
infection: spectrum of intrauterine response in a twin gestation. Am
J Perinatol 1992; 9: 66–8
79 Hadi HA, Easley KO, Finley J. Clinical significance of human
parvovirus B19 infection in pregnancy. Am J Perinatol 1994; 11:
398– 400
80 Bhal PS, Davies NJ, Westmoreland D, Jones A. Spontaneous resolution
of non-immune hydrops fetalis secondary to transplacental parvovirus B19 infection. Ultrasound Obstet Gynecol 1996; 7: 55 –7
81 Petrikovsky BM, Baker D, Schneider E. Fetal hydrops secondary to
human parvovirus infection in early pregnancy. Prenat Diagn 1996;
16: 342– 4
82 Faure JM, Giacalone PL, Deschamps F, Boulot P. Nonimmune
hydrops fetalis caused by intrauterine human parvovirus B19 infection: a case of spontaneous reversal in utero. Fetal Diagn Ther 1997;
12: 66–7
83 Saint-Martin J, Bonnaud E, Morinet F, Choulot JJ, Mensire A. Acute
parvovirus myocarditis with fatal outcome. Pediatrie (Bucur) 1991;
46: 597–9

Ultrasound in Obstetrics and Gynecology

