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SUMMARY

Maternal serum alpha-fetoprotein (MS-AFP) and human gonadotropin (MS-hCG) were retrospectively deter-
mined in 137 sera from 65 pregnant women with an acute parvovirus B19 infection. In 35 of the pregnant women,
fetal complications occurred (group 1); in the remaining 30 women, there were no fetal complications (group 2). In
group 1, significant elevations of MS-AFP were detected in 13 of the 35 women (37 per cent) and of MS-hCG in 25
of the 35 women (71 per cent). In nine of those women, sera were obtained before occurrence of fetal complications
and MS-AFP was elevated in one case and MS-hCG in four cases. In one woman, both MS-AFP and MS-hCG were
elevated. In group 2, significant elevations of MS-AFP were found in two of the 30 women (6·7 per cent) and of
MS-hCG in five of the 30 women (16·7 per cent). Neither MS-AFP nor MS-hCG appears to be a regular early
marker for poor pregnancy outcome in parvovirus B19-infected pregnancies, although they were frequently elevated
at the time of complications. ? 1997 by John Wiley & Sons, Ltd.
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INTRODUCTION

Parvovirus B19 infection in pregnancy carries
the risk of transmission to the fetus, which may
result in spontaneous abortion shortly after infec-
tion, anaemia, and hydrops fetalis or intrauterine
death (Enders, 1997; Public Health Laboratory
Working Party of Fifth Disease, 1990; Schwarz
et al., 1990). Since 1988, our laboratory has inves-
tigated over 1000 cases of acute parvovirus B19
infection during pregnancy. The majority (63 per
cent) of the infections were subclinical, whilst the

remaining 37 per cent of the patients reported
exanthem and arthralgia (Enders, 1997). We have
thus far studied the outcome of 791 cases of acute
parvovirus B19 infection in pregnancy and have
found the rate of occurrence of hydrops fetalis to
be 17·2 per cent with a fetal loss rate of 12·5 per
cent (Enders et al., unpublished data).
There are only a few publications on the diag-

nostic value of maternal serum (MS) biochemical
markers in cases of parvovirus B19-associated
hydrops fetalis and fetal death. Carrington et al.
(1987) reported five cases of parvovirus B19 infec-
tion resulting in fetal death in the second trimester
in which maternal serum alpha-fetoprotein (MS-
AFP) levels were elevated. They suggested that
MS-AFP may be useful in predicting fetal outcome
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following parvovirus B19 infection. After observ-
ing an additional case in which MS-AFP was
elevated before parvovirus B19-associated fetal
death in the second trimester, Bernstein and
Capeless (1989) proposed that normal values of
MS-AFP may give some reassurance as to the
long-term prognosis for the fetus. In 1993, Saller
et al. (1993) reported on four fetal parvovirus B19
infections resulting in hydrops fetalis and second-
trimester fetal death in which MS-AFP and hCG
were unremarkable and concluded that AFP is not
a sensitive early marker for poor pregnancy out-
come. In a recent study by Saller et al. (1996), it
was concluded that second-trimester non-immune
hydrops is associated with elevated hCG levels. In
this study, only samples of second-trimester mater-
nal serum screening for fetal Down syndrome
and fetal trisomy 18 were investigated; parvovirus
B19-infected pregnancies were excluded.
Because of the small numbers of cases in the

previously published studies, we retrospectively
determined MS-AFP and MS-hCG in 137 sera
from 65 women with acute parvovirus B19 infec-
tion with and without fetal complications and with
known pregnancy outcome.

MATERIALS AND METHODS

Patient collective and serum samples

One hundred and thirty-seven sera from 65
women (aged 20–42 years) with an acute parvo-
virus B19 infection during the current pregnancy
(5–37 weeks of gestation, median 20 weeks) were
investigated in this study. All patients reported
contact with parvovirus-infected individuals. In
26 cases, maternal symptoms of parvovirus B19
infection (exanthem, arthralgia) were evident. In
the remaining 39 women, the infection was
subclinical.
In 35 women, fetal complications were observed

upon ultrasound examination (group 1) and the
severity of hydrops was graded according to
Fairley et al. (1995). Prenatal diagnosis was per-
formed in 32 of the cases and in 29 fetuses parvo-
virus B19 infection was demonstrated. In 19
instances, fetal haemoglobin (Hb in g/dl) indicated
anaemia of varying degree. Sixteen fetuses under-
went therapy in the form of intra-uterine trans-
fusion with reticulocyte concentrate. There were
11 fetal deaths.
In 30 pregnant women without fetal compli-

cations (group 2), 29 healthy liveborns were

delivered and one pregnancy is still in progress.
Prenatal diagnosis was performed for six of
the women and in four fetuses parvovirus B19
infection was demonstrated.
The sera used in this investigation were sent

to our laboratory between January 1994 and
December 1996 from obstetricians and from
prenatal diagnostic centres in Germany. In the
majority of cases with fetal complications, the first
maternal serum was obtained at the time of refer-
ral to the prenatal diagnostic centre. In nine cases,
a maternal serum sample was available before
the occurrence of fetal complications. The first
maternal serum sample from women without fetal
complications (group 2) was obtained 2–3 weeks
following contact with a parvovirus B19-infected
individual or shortly after the onset of symptoms.
Follow-up samples were obtained from the major-
ity of women of both groups. Following serologi-
cal testing for anti-parvovirus B19 IgG and IgM
antibodies, the serum samples were kept frozen
for MS-AFP and MS-hCG analysis. Information
concerning history of contact and symptoms in
pregnant women was obtained. In addition, the
outcome of pregnancies was documented by clini-
cal information as well as by testing cord blood or
new-born sera for IgG and IgM antibodies to
parvovirus B19 and for parvovirus B19 DNA by
the polymerase chain reaction (PCR).

Diagnosis of acute parvovirus B19 infection in the
mother and fetus

Acute parvovirus B19 infection in the 65 preg-
nant women was diagnosed serologically by the
presence of IgM and rising IgG antibodies and in
some cases also by parvovirus B19 DNA detection
using the PCR (Enders, 1997; Clewley, 1989).
IgG and IgM antibodies to parvovirus B19

were detected using commercially available EIAs
(Biotrin, Dublin, Ireland). Weakly positive IgM
results were confirmed using an immunofluor-
escence assay (Biotrin, Dublin, Ireland) and
also by the detection of parvovirus B19 DNA.
Quantification of IgG antibodies was facilitated by
reference to the international parvovirus standard
serum for IgG (Searle et al., 1997).
Fetal infection was demonstrated by the detec-

tion of parvovirus B19 DNA in fetal blood, amni-
otic fluid, ascitic fluid or in fetal tissues following
intrauterine death by PCR, and more seldom by
detection of anti-parvovirus B19 IgM in fetal
blood.
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Detection of AFP and hCG

The levels of AFP in maternal serum were
determined using the hAFP time-resolved
fluoroimmunoassay (DELFIA>) from Wallac.
The levels of hCG were determined by the hCG
solid-phase chemiluminescence enzyme immuno-
assay on the IMMULITE> from Diagnostic
Products Corporation.
Multiples of the median (MOM) for AFP were

calculated for gestational weeks 14–30 and for
hCG for weeks 9–11 and 14–21, as medians for the
respective parameters were only available for these
gestational weeks. An estimation of MOM for
hCG in weeks 21–30 was done by using the median
of hCG for week 21 (11 000 IU/l). The values were
not corrected for maternal weight because the
weights were not available in most cases. A MOM
greater than 2·0 for either AFP or hCG was
considered elevated.
Some samples were repeatedly analysed for

the content of AFP and hCG in June 1996 and
January 1997. The coefficients of correlation for
these samples were within 10 per cent.

RESULTS

Details of the results and the pregnancy out-
come for the 35 pregnant women with fetal com-
plications (group 1) are presented in Table I.
MS-AFP ranged from 0·04 to 25 MOM (median
1·46). In 13 of these 35 women (37 per cent) the
MS-AFP MOM was greater than 2·0. In three
additional cases, the AFP MOM values were just
below this value (cases 6, 10, and 17). In the
remaining 19 women, the values must be con-
sidered normal in relation to the gestational week.
The MS-hCG values for group 1 ranged from
0·10 to more than 80 MOM (median 2·60) and
the values were elevated in 25 of the 35 women
(71 per cent).
In nine women where the first maternal serum

sample was obtained before detection of fetal
complications (range 1–12 weeks), the MS-AFP
value was elevated in only one case (case 2), and
the MS-hCG values in four cases (cases 2, 14, 23
and 24) before complications occurred. MS-hCG
and MS-AFP were concomitantly elevated in 11
women, and in 14 women only MS-hCG. In two
women, MS-AFP was elevated in the absence of
elevated MS-hCG (case 13 and 31).
In group 2 (without fetal complications), the

MS-AFP MOM ranged from 0·04 to 4·26 (median

0·85) and the hCGMOM ranged from 0·45 to 2·90
(median 0·94). Two women (6·7 per cent) had an
elevated MS-AFP value and in five of the 30
women (16·7 per cent) MS-hCG was elevated.
Table II details the cases in group 2 in which
elevated MS-AFP and/or MS-hCG values were
found.
Figure 1 shows the AFP MOM and hCG MOM

values for the 35 women with and the 30 women
without fetal complications (117 sera).

DISCUSSION

Parvovirus B19 infection during pregnancy
poses the risk of severe complications, occurring in
approximately 12–17 per cent of infected women.
For a sound surveillance of such pregnancies, a
non-invasive early marker to identify the fetuses at
risk would be helpful.
Our study, however, suggests that neither

MS-AFP nor MS-hCG appears to be a regular
prognostic marker for adverse fetal outcome,
although both were frequently elevated when com-
plications were already evident. Saller et al. (1996)
also found that hCG levels were elevated when
hydrops was present at the time of screening but
not when non-immune hydrops presented later. In
our study, there were five women without fetal
complications who had elevated MS-AFP and/or
MS-hCG values and all gave birth to healthy
liveborns. Therefore MS-AFP and MS-hCG levels
are not necessarily associated with poor fetal
outcome.
In our retrospective study, we obtained data for

only nine women before the occurrence of compli-
cations. In order to assess definitively the signifi-
cance of both markers, a larger prospective study
is required which includes periodic screening of
AFP and hCG between the 14th and 30th weeks of
pregnancy in women with serologically proven
parvovirus B19 infection and information on out-
come of pregnancy. Such a study would also
provide data on spontaneous abortion or intra-
uterine death where fetal complications were not
observed. We investigated one such case in which
spontaneous abortion occurred in the 15th week of
pregnancy with an unremarkable ultrasound in
the 13th week. The retrospectively determined
MS-AFP and MS-hCG values were 0·50 and >2 in
the 13th week and 0·53 and 1·74 in the 15th week
of pregnancy, respectively (not shown in the
tables).

1041-  h       19 

. ., . 17: 1039–1046 (1997)? 1997 by John Wiley & Sons, Ltd.



Table I—Results and outcome of 35 cases of acute parvovirus B19-infected pregnancies with fetal complications

Case
no.

Maternal
serum at
WOP

AFP
(MOM)

hCG
(MOM)

Time of detection of fetal
symptoms and type

Prenatal
diagnosis

Prenatal
therapy

Outcome

Fetus Liveborn infant

1 24
26
28

0·63
0·70
0·04

<1
21
>6

WOP 28
Severe hydrops, anaemia

Pos. No WOP 30 caesarean section
McKusick–Kaufmann
syndrome

2 14
16

1·26
3·68

1·62
5·94

WOP 17
Severe hydrops

Pos. No WOP 20 abortion

3 21
23

1·60
3·94

6·67
>8

WOP 21
Hydrops, anaemia (Hb 4·0)

Pos. 6#trans WOP 24 sectio
Postpartal death

4 20
23

4·14
1·38

2·29
<0·3

WOP 20
Hydrops, pericardial effusion,
anaemia (Hb 3·4)

Pos. 1#trans Healthy

5 20 2·63 3·81 WOP 20
Severe hydrops, nuchal hygroma

Pos. No Healthy

6 23 1·89 >20 WOP 23
Hydrops, pleural effusion, ascites

Pos. 1#trans Healthy

7 22 2·27 >19 WOP 22
Hydrops, anaemia (Hb 3·3)

Pos. 3#trans Hypoplastic
abdominal wall

8 21 0·40 0·30 WOP 21
Severe hydrops, hydramnios

Pos. No Healthy

9 21 7·57 11·97 WOP 21
Severe hydrops, anaemia (Hb <5)

Pos. No WOP 21 IUD

10 26 1·85 >1·5 WOP 26
Severe hydrops

ND Not possible WOP 26 IUD

11 22 0·61 >2 WOP 22
Hydrops, severe anaemia (Hb 3·0)

Pos. 1#trans Healthy

12 12
24

NA
1·72

>1
>10

WOP 24
Severe hydrops

ND No WOP 24 induced
abortionPCR pos.
(tissue)

13 18
19

0·85
2·55

0·84
1·55

WOP 19
Hydrops, severe anaemia (Hb 1·4)

Pos. Not possible WOP 19 IUD
Hypoplastic
abdominal wall

14 20 1·01 3·18 WOP 20
US normal

ND No WOP 22 IUD

22 1·49 >2 WOP 22
Severe hydrops

PCR pos. (tissues
and blood)

15 23 1·11 <0·1 WOP 23
Hydrops, severe anaemia,
pleural effusion

Pos. No WOP 23 IUD
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Table I—Continued

Case
no.

Maternal
serum at
WOP

AFP
(MOM)

hCG
(MOM)

Time of detection of fetal
symptoms and type

Prenatal
diagnosis

Prenatal
therapy

Outcome

Fetus Liveborn infant

16 26 0·77 >44 WOP 26
Severe hydrops, anaemia (Hb 6·3),
pleural and pericardial effusion

Pos. No WOP 27 IUD

17 21 1·53 3·19 WOP 21
Hydrops, severe anaemia (Hb 2·6)

Pos. 4#trans Healthy

21 1·87 4·93
18 22 1·49 >7·5 WOP 22

Hydrops, anaemia (Hb 5·1)
Pos. 1#trans Healthy

19 22
25
30
40

>25
4·23
1·33
NA

>8
>2
>1·5
>3

WOP 22
Hydrops, anaemia (Hb 4·8)

Pos. 3#trans Healthy

20 24
25

2·77
6·86

>4·7
>15

WOP 24
Hydrops, ascites, pericardial
effusion, anaemia (Hb 2·4)

Pos. 3#trans Healthy

21 23 3·77 8·17 WOP 23
Hydrops, pericardial effusion,
anaemia (Hb 3·1)

Neg. 4#trans Healthy

22 27 1·48 >80 WOP 27
Severe hydrops

Pos. No WOP 28 induced
abortion

23 25
26

1·07
0·94

>8·6
>8·4

WOP 26 (gemini)
Pericardial effusion, hydrops,
cardiomegally, anaemia (Hb 3·2)

Pos. 1#trans WOP 27 IUD

24 20
23

1·36
1·57

2·36
>5·9

WOP 23
Hydrops, severe anaemia (Hb 1·7)

Pos. 1#trans Healthy

25 23
25

1·44
2·36

>8·7
NA

WOP 23
Moderate hydrops, anaemia
(Hb 7·7)WOP 25 resolved

Pos. 1#trans Healthy

26 15 0·40 1·06 WOP 24
Hydrops, pericardial effusion,
anaemia (Hb 3·5)
WOP 26 resolved

Pos. 3#trans Healthy

27 29 0·46 >2·8 WOP 33
Macroscomy, hydronephrosis

Neg. No Healthy

33 <0·3 >6·2 Polyhydramnios 1043
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Table I—Continued

Case
no.

Maternal
serum at
WOP

AFP
(MOM)

hCG
(MOM)

Time of detection of fetal
symptoms and type

Prenatal
diagnosis

Prenatal
therapy

Outcome

Fetus Liveborn infant

28 21
22
24
25

0·88
0·95
1·83
<0·1

0·62
0·62
0·50
NA

WOP 21
Mild hydrops, anaemia (Hb 8·2)

Pos. 1#trans Healthy

29 32 <1 NA WOP 32
Mild hydrops

Pos. No Healthy

30 24
26

1·66
1·53

>3
0·8

WOP 23
Moderate hydrops

Pos. No Still in progress

31 18 6·57 0·75 WOP 18
Moderate hydrops, pericardial
effusion, polyhydramnios,
anaemia (Hb 8·5)

Pos. 1#trans Healthy

32 16
22
22

0·75
1·56
4·51

1·08
>2·4
>1·7

WOP 22
Moderate hydrops
WOP 24
Hydrops resolved

Pos. No Healthy

33 24
25

0·53
0·41

1·0
1·0

WOP 22
Moderate hydrops

Pos. No Healthy

34 28
31

1·19
<0·8

1·0
NA

WOP 28
Mild hydrops

Neg. No Healthy

35 18 1·01 10·79 WOP 18
Moderate hydrops

Pos. No Healthy

WOP=week of pregnancy; MOM=Multiple of the median; NA=not calculated due to unavailability of median; Hb=fetal haemoglobin in g/dl; Prenatal diagnosis:
pos.=parvovirus B19 DNA detected in ascitic fluid and/or in fetal blood by PCR; PCR=polymerase chain reaction; ND=not done; trans=transfusion with erythrocyte
concentrate; IUD=intrauterine death.
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Table II—Results and outcome of five cases of acute parvovirus B19-infected pregnancies without fetal compli-
cations with elevated MS-AFP and/or MS-hCG values

Case
no.

Maternal
serum at
WOP

AFP
(MOM)

hCG
(MOM)

Prenatal
diagnosis

Prenatal
therapy

Outcome

Fetus
Liveborn
infant

36 13 NA
1·02

2·50
2·90

ND No Healthy

37 17 1·23
4·26

2·89
1·6

Pos. No Healthy

38 9
10
15

NA
NA
0·67

0·96
0·92
2·05

ND No Healthy

39 20 2·58 2·23 ND No Healthy
40 17

18
20
25
30

0·86
0·93
1·13
1·46
1·56

1·08
0·94
1·47
1·32
2·0

ND No Healthy

WOP=week of pregnancy; MOM=Multiple of the median; NA=not calculated due to unavailability of median; Prenatal
diagnosis: pos.=parvovirus B19 DNA detected in ascitic fluid and/or in fetal blood by PCR; PCR=polymerase chain reaction;
ND=not done.

Fig. 1—Distribution of MOM values for AFP and hCG in 117 sera from 65 pregnant women with acute parvovirus B19
infection with and without fetal complications
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In conclusion, neither MS-AFP nor MS-hCG
can be used to predict the outcome of parvo-
virus B19-affected pregnancies. At present, serial
ultrasound examination for a period of 8–10 weeks
is the only non-invasive method available. If signs
of hydrops are evident, the patient should be
referred without delay to a prenatal diagnostic
centre for further management. In our experience,
the majority of fetal complications (88/138=64 per
cent) occur in the second trimester. The interval
between the onset of maternal infection and fetal
complications as estimated in our study was 2–4
weeks in 85·6 per cent of cases, 5–8 weeks in 10·1
per cent, and as long as 9–12 weeks in 4·3 per cent
of cases (Enders et al., unpublished data). There-
fore weekly ultrasound monitoring up to 8–12
weeks following the onset of maternal infection is
recommended.



We thank Mrs Carola Guilliard for her assist-
ance in data and serum collection.
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