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SUMMARY In a serological survey of 430 pregnant women 45 had high or rising titres of BK-virus
haemagglutination-inhibiting antibodies. The presence of BK-virus-specific IgM was confirmed in 10
of these women. No BK-virus-specific IgM was detected in the samples of cord blood from the babies
born to these women. The sera from 40 women known to be excreting inclusion-bearing cells during
pregnancy were tested for the presence of BK-virus- and JC-virus-specific IgM and IgG. The presence
of BK-virus-specific IgM was confirmed in three cases and JC-virus-specific IgM in seven cases.

Specific IgM persisted for several months in some pregnant women. No BK-virus-specific IgM was

detected in any of the samples of cord blood from the babies born to these women with evidence of
polyomavirus infection. No JC-virus-specific IgM was detected in 36 out of 37 of the cord bloods;
however, in one it is possible that minute amounts of JC-virus-specific IgM were present.

Since the discovery of the human BK and JC
polyomaviruses in human tissue,1 2 their widespread
distribution has been well documented.3-10 Primary
infection occurs in childhood, but the mode of
transmission and clinical picture are still not known.
The viruses are thought to persist in the body after
infection. Reactivation of both viruses has been
shown to occur in people whose immunity has been
impaired for some reasonl-'6 and at this time virus
is frequently excreted in the urine. Transplacental
transmission has already been shown to occur for
two animal polyomaviruses: mouse polyoma17 and
stump-tailed macaque viruses.18

Because there is evidence that during pregnancy
immunity is depressed,19 the recent survey by
Coleman and her colleagues was undertaken.20 In
this study more than 1000 women were followed
during pregnancy and 40 (3%) were found to be
excreting a polyomavirus. Evidence was presented to
show that the infections were the result of a reactiva-
tion of latent virus and were not primary. In the
majority of the 40, reactivation was more likely to be
due to JC-virus than BK-virus although the latter
also occurred. Serological results indicated that
reactivation ofJC or BK viruses had occurred in 20 %
of the pregnant women, but no evidence was found to
suggest transmission of BK-virus to the fetus. The

Accepted for publication 16 October 1980

cord bloods of 309 newborn babies were examined
for BK-virus-specific IgM and all were negative.

This prospective study has provided an abundant
source of material for further investigations and in
this report we present additional information on the
occurrence and persistence of BK- and JC-virus-
specific immunoglobulin M (IgM) in sera obtained
from the pregnant women who showed evidence of
polyomavirus reactivation and in cord or neonatal
blood samples from their babies. The persistence of
BK-virus-specific IgM for several months in patients
immunosuppressed after renal transplantation has
already been demonstrated.'4 Jung and his colleagues
showed that high titres of haemagglutination-
inhibiting (HI) antibodies specific for BK-virus
persisted for periods up to 20 months and that
specific IgM could be detected during this time.

Patients and methods

SUBJECTS
The group under study in the survey of human
polyomavirus in pregnancy by Coleman and
colleagues20 consisted of 1235 pregnant women.
Nearly half registered at the antenatal clinic during
the first trimester of pregnancy and the others at
later stages of gestation. At least two maternal serum
samples and the cord or neonatal blood samples
were collected from each woman and her baby.
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The presence of antibody to BK-virus and JC-virus
was investigated in sera from 430 of these women.
The sera from those with high or rising titres to
BK-virus and the cord bloods of their infants were
tested for BK-virus-specific IgM. In 40 of the 1235
women, inclusion-bearing cells were found in their
urine. Sera from these women and cord blood from
their infants were examined for the presence of
BK-virus- and JC-virus- specific IgM.

HAEMAGGLUTINATION INHIBITION
Maternal and cord blood samples were tested by HI
for BK-virus and JC-virus antibody. The technique
and preparation of antigens has been reported
elsewhere.' 20

IMMUNOFLUORESCENCE
Sera were investigated at dilutions 1/2 and 1/10 for
the presence of BK-virus-specific IgM by an immuno-
fluorescence antibody test (FA) which has also been
previously described.20

LATEX AGGLUTINATION
A latex agglutination test for rheumatoid factor was
performed to exclude any false-positive IgM
reactions.

SUCROSE DENSITY GRADIENT FRACTIONATION
At least one serum sample from each mother which
showed specific IgM immunofluorescent staining for
BK-virus was fractionated on a linear sucrose density
gradient (12-5%-37-5% sucrose in complement
fixation test (CFT) diluent (Oxoid Ltd)). 0 1 ml of
each serum was treated with 0 4 ml receptor destroy-
ing enzyme (RDE) (Wellcome Reagents Ltd) for 18
hoursat37°C, inactivated at 52°C for 30 minutes, and
placed on a 5 ml gradient. The gradients were
centrifuged for 17j hours at 35 000 rpm in an
SW-50 rotor on a Beckman L2-50 centrifuge. Ten
0 5 ml fractions were collected from each gradient
and examined by HI for BK-virus-specific IgG and
IgM. Separation of the fractions was confirmed by
gel immunodiffusion using sheep anti-human IgA,
IgG and IgM sera (Wellcome Reagents Ltd).

Because of technical difficulties we were unable to
test for JC-virus-specific IgM using the immunofluor-
escence method. However, at least one serum sample
from the 40 women known to be excreting inclusion-
bearing cells was fractionated on sucrose density
gradients and the resulting fractions tested by HI for
JC-virus-specific IgG and IgM. Cord sera from 37 of
the 40 babies in this group were also fractionated by
sucrose density gradients and the fractions examined
for BK-virus- and JC-virus-specific IgG and IgM
antibodies as described.

IMMUNE ELECTRON MICROSCOPY
Serum fractions containing BK-virus- or JC-virus-
specific IgM were further tested by immune electron
microscopy (IEM). 0-1 ml serum fraction from the
sucrose density gradient was mixed with 0-2 ml BK-
virus or JC-virus antigens. These were prepared by
either sonicating tissue culture media harvested from
infected cell cultures or by sonicating infected cells
which had been frozen and thawed three or four
times. The antigens were diluted to give about 50
virus particles per grid square in the final preparation.
The antigen-antibody mixtures were incubated for
1 hour at room temperature, diluted with 2-2 ml of
phosphate-buffered saline and centrifuged at 12 000
rpm for one hour (in the RC2-B Sorvall centrifuge
with a SS-34 rotor). Pellets were resuspended in a
drop of distilled water containing 0-025% bovine
plasma albumin and mixed with an equal volume of
3% phosphotungstic acid pH 6-5. The mixture was
applied to a formvar-carbon-coated grid and the
excess blotted off. Representative areas of grids were
examined and the total number of virus particles, the
number of clumps of particles and the number of
particles per clump were all noted. The amount of
IgM attached to virus particles was graded on a 0 to
+ + + + + system. Samples were only scored as
IgM-positive when the characteristic IgM-shaped
antibody molecules were seen (Figure). Frequently
there was insufficient IgM antibody to link the virus
particles into clumps.

Results

BK-VIRUS SEROLOGY
The sera from 430 women in the survey20 were
examined for the presence of BK-virus antibody, and
359 (83-5 %) found to have HI antibodies (titres 3
20). Twenty-seven (6-3 %) had high stable titres to
BK-virus (; 640) throughout their pregnancy, 15
(3 5 %) had titres which showed a fourfold increase
rising to 640 or greater during pregnancy, and 3 (0-7%)
had low titres which showed a fourfold increase
in BK-virus antibody, but did not rise to 640. Of the
45 women with high or rising titres to BK-virus, 28
(62 %) had BK-virus-specific IgM staining when
tested by FA. At least one serum from each of these
28 women was fractionated on sucrose density
gradients and 20 (44%) of them had BK-virus-
specific IgM, detected by HI, in the IgM fractions.
The sera from 30 women with no IgM specific FA
staining were also fractionated but no BK-virus-
specific IgM was detected in the appropriate fractions.
In the sera from 20 women in which BK-virus IgM
was detected by HI, the titres were low (8-32) with
the exception of one which had a high BK-virus-IgM
titre (! 1024). BK-virus-specific IgM was confirmed
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Table 2
women

Gibson, Field, Gardner, Coleman

Occurrence ofBK-virus IgM in 11 pregnant

Immunoglobulin M molecules attached to particles of (a)
BK-virus and (b) JC-virus. Negative stain x 200 000.

by IEM in only 10 of the 20 women (Table 1). These
results suggest that either the FA test gives a large
proportion of false-positive reactions or that it is
more sensitive in detecting trace amounts of IgM.
Sera from a control group of 28 pregnant women who
had lower titres of total BK-virus antibody were also
examined for BK-virus-specific IgM staining by FA.
Only one of the 28 showed a slight fluorescence.

Table 1 BK-virus IgM in 45 antenatal patients with
high and/or rising antibody titres to BK-virus

HI antibodies Maximum No BK-virus IgM detected by
titre

FA* Hit IEMt

Risingtitres x4 <640 3 1 1 0
Rising titres x4 9640 15 10 10 7
Stable titres >640 27 17 9 3
Total No 45 28 (62%) 20 (44%) 10(22%)

*FA was done on whole sera.

tHI and IEM were done on fractionated sera.
FA = immunofluorescence antibody test.
HI = haemagglutination inhibition (test).
IEM = immune electron microscopy.

No BK-virus-specific IgM could be detected by FA
in the cord blood of any of the babies from the 45
women with high or rising titres to BK-virus. Table
1 compares the total BK-virus antibody status of the
45 women to the presence or absence of IgM in these
women. Even by IEM, the least sensitive test, almost
half (47 %.) of those with high rising titres of BK-virus
antibody had BK-virus-specific IgM.

Table 2 (patients 1-10) relates the appearance of
BK-virus-specific IgM to the period of gestation in
the 10 women who had IgM confirmed by IEM. In
two of these women (patients 3 and 6), BK-virus IgM
was detected in an early serum sample by FA but
was not confirmed by HI and IEM after sucrose

Case No Presence ofIgM BK-virus IgG titre (HI)

Trimester >640 Rising
1 2 3

1 -t NT + + +
2 + NT +t + +
3 +* NT + + +
4 -t NT + + -
5 NT NT + + -
6 - +* + + +
7 NT + - + +
8 NT - + + +
9t NT + + + -
10 NT -t + + +
11 + + + _ -

NT = These sera were not tested because they were either not
received or received in insufficient quantities.
*These sera were positive by the immunofluorescence antibody test for
BK-virus IgM but this was not confirmed by sucrose density gradient
studies.
tThese samples were tested by the immunofluorescence antibody test
only.
lThis patient was excreting polyomavirus particles in her urine.

density gradient fractionation. However, in later
serum specimens from these two women, BK-virus-
specific IgM was detected by FA and in the fraction-
ated sera it was confirmed both by HI and IEM,
indicating that, indeed, the fluorescence test on whole
serum may be more sensitive for detecting trace
amounts of IgM. As can be seen from Table 2,
BK-virus-specific IgM was present in all but one of
the 10 women by the third trimester. In two of the
women (patients 2 and 3) BK-virus-specific IgM
persisted for at least six months until delivery. The
total BK-virus antibodies of one woman who did not
have persisting IgM (patient 7) rose from very low
titres in the first trimester to high titres in the second
and third. Patient 6 was the only one in whose
serum a large amount of BK-virus IgM was found
(HI titre in fractionated serum 3 1024).
Only sera from 10 women which were positive by

FA and which also had small amounts of BK-virus
HI antibody in the IgM fractions were also positive
in the IEM test (Table 1). This again is probably
explained by differences in sensitivity of the tests. An
alternative explanation could be that even though the
gel immunodiffusion test indicated that IgG and IgM
fractions were completely separated this test may not
be sensitive in detecting trace amounts of IgG in the
IgM fractions which could give false-positives by HI.
Because of this, only fractions confirmed by IEM
were considered positive for IgM.

Sera from all 430 women were examined for HI
antibodies to JC-virus and 208 (48 4%) were found to
have titres of ; 20 to JC-virus. Of these, 70 (16-3 %)
had high titres of 3 640 and 13 (3%) had rising
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antibody titres. However, because an FA screening
test was not available it was not practical to deter-
mine the JC-virus-specific IgM status of these women
with high or rising titres to JC-virus.

BK-VIRUS AND JC-VIRUS SEROLOGY ON
PATIENTS WITH INCLUSION-BEARING CELLS
IN THE URINE
Forty of 1235 women from the previous study20 had
evidence ofpolyomavirus infection during pregnancy,
namely the presence of inclusion-bearing cells in the
urinary sediment. Polyomavirus excretion was
confirmed in 24 of these women by virus isolation or
by electron microscopy or by both. The antibody
status to BK- and JC-virus in this group of 40 had
been previously reported.20 Table 3 compares the
total BK- and JC-virus antibodies of this group to a
group of the pregnant women in the same study
chosen at random who showed no evidence of
human polyomavirus infection during pregnancy.
Higher numbers in the positive cytology group had
antibody to JC-virus and fewer to BK-virus.

Table 3 BK-virus and JC-virus antibody titres in 40
pregnant women excreting inclusion-bearing cells
compared with a control group of non-excretors

Antibody BK-virus JC-virus
titres (HI)

Positive Control Positive Control
% (40) % (52) % (40) % (50)

<20 37-5 (15) X1-5 (6) 2-5 (1) 56 (28)
920 62-5 (25) 88 5 (46) 97 5 (39) 44 (22)

HI = haemagglutination inhibition.
The no. ofpregnant women are given in parenthesis.

FA tests for BK-virus-specific IgM were performed
on all the sera and at least one serum sample from
each of the 40 women who had inclusion-bearing
cells in their urine and 37 of the cord bloods of their
infants were fractionated on sucrose density gradients
and the IgG and IgM fractions investigated. In none
of the cord bloods tested could BK-virus-specific IgM
be demonstrated. In 36 of the cord bloods, no JC-
virus-specific IgM was detected. However in one,
JC-virus HI titres of 8-16 were found in four
fractions two of which were in the IgM section of the
gradient. This could not be confirmed by IEM and at
present the nature of these antibodies is not known.
The mother of this child presented in the second
trimester and at this time, already had a high titre of
JC-virus antibody which remained stable. JC-virus-
specific IgM confirmed by IEM was found in all her
serum samples, but no virus was isolated from her
urine.

Sera from 30 of the women had only low HI titres

to BK-virus (< 40) and of these, only those from
three women gave specific fluorescent staining for
BK-virus IgM. This was confirmed on the fraction-
ated serum by HI and IEM in only one of the three
(patient 11, Table 2). The other 10 women had high
HI titres to BK-virus ( 640) and nine of these gave
specific fluorescent staining for BK-virus IgM.
However, the presence of BK-virus-specific IgM was
confirmed in only two cases by HI and IEM on the
IgM fractions (patients 7 and 9 in Table 2). No BK-
virus IgM was detected by sucrose density gradient
studies, in women with negative FA results.

Because an FA screening test for JC-virus-specific
IgM is not yet available, the sera were studied only
by sucrose density gradient fractionation for the
presence of JC-virus-specific IgM.

Thirty-nine of the 40 women had detectable HI
antibody to JC-virus and 29 of these had high titres
(> 640). In 11 of the 40 women, low HI antibody
titres (2-8) were observed in the IgM fraction of at
least one of their serum samples. In seven this was
confirmed by IEM. This suggests that the HI test,
again, may be slightly more sensitive than IEM.
However, in one serum, IgM was detected by IEM
and not by HI, but in previous sera from this same
individual JC-virusIgMwas detectedbybothmethods.
All the women with detectable JC-virus IgM had
high concentrations of JC-virus-specific IgG and
from two of them a polyomavirus was isolated from
the urine and identified as JC-virus.20
Table 4 relates the appearance of JC-virus-specific

IgM (confirmed by IEM) to the period of gestation
in the seven women. Six of these women had high
stable titres of JC-virus antibody and the seventh had
high rising titres. In most cases JC-virus-specific IgM
persisted for several months and in one patient
(patient 5), it was known to have persisted for at least
seven months. Two patients had both BK- and JC-
virus-specific IgM (patients 9 and 11 in Table 2 and 4
and 6 in Table 4). Both had small amounts of JC- and
BK-virus-specific IgM confirmed by IEM but only
one of these had high concentrations of BK-virus-
specific IgG.

Discussion

In our study we found no evidence of primary
polyomavirus infection occurring during pregnancy
and thus the presence of specific IgM in maternal
sera has been assumed to be due to reactivation of
latent virus. The persistence of the IgM response in
several of the pregnant women seems to indicate that
once reactivated the BK-virus or JC-virus infection
continues at least until delivery. Because we do not
have a control group ofnormal non-pregnant women
in the same age range, we do not know if reactivation
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Table 4 Occurrence ofJC-virus-IgM in seven pregnant
women excreting inclusion-bearing cells

Case No Presence of 1gM JC-virus antibody titre

Trimester >640 Rising
1 2 3

1 - + + +
2* - + +t + -
3 NT + + + _
4 - + + + _
5 + + + + _
6 NT + + + _
7* - + + + _

*JC-virus isolated from urine ofthese patients.
tIgM detected by immune electron microscopy but not by haemag-
glutination inhibition.
NT = Not tested.

of these human polyomaviruses occurs more often
during pregnancy or whether the resulting in-
fection persists longer in pregnant women than it
would in the normal population. There have been
variable reports on the occurrence of BK-virus-
specific IgM in apparently healthy individuals.
Jung et al.14 found no evidence of reactivation of
BK-virus in a group of blood donors. However,
Rziha et al.16 found BK-virus-specific IgM in 3% of
(healthy) children. All these were under the age of 15
years and may have been experiencing a primary
infection with BK-virus. Flower et al.15 also reported
BK-virus IgM in several normal adults which in two
instances persisted for more than a year. Chronic
infection with polyomaviruses may therefore reflect
an abnormal host response to the virus.
There have been previous investigations'0 21 22 of

BK-virus-specific IgM during pregnancy and in new-
born babies. Taguchi and colleagues (1975)21 were
the first to report on the occurrence of BK-virus-
specific IgM during pregnancy. They found it in four
of the 80 Japanese women they tested and they also
reported finding evidence of BK-virus-specific IgM
in the cord blood of three babies. This was followed
by a report from Germany by Rziha and colleagues'0
who found BK-virus-specific IgM in 9 1 % of the cord
bloods they tested. Our present results and those from
our previous study20 are in agreement with Borgatti
and colleagues22 in italy who found no evidence of
BK-virus-specific IgM in the cord bloods of 253
infants. However, unlike Borgatti who found no
BK-virus IgM in the mothers, we did find small
amounts of BK-virus IgM in maternal sera. BK-virus-
specific IgM was detected in three of the 40 mothers
who had inclusion-bearing cells in their urine
indicative of polyomavirus infection. Virus could not
be isolated from the urine of any of these three
women but in one the presence of a polyomavirus
was confirmed by electron microscopy. The obser-
vation that one of these women had only very low

titres of BK-virus-specific IgG throughout pregnancy
may indicate that reactivation of BK-virus infection
does not always produce increased levels of BK-virus
antibody. However this same woman had very high
titres of JC-virus antibody so it is possible that the
BK-virus-IgM observed may be due to cross-
reaction.
Very small amounts of BK-virus-specific IgM were

detected in 10 (22%) of 45 women who had rising or
stable high antibody titres to BK-virus during
pregnancy. A further 10 may also have had BK-virus
IgM, but this could not be confirmed by IEM. The
most significant subgroup within this group consisted
of 15 women whose BK-virus HI antibody levels rose
at least four-fold during pregnancy from titres of
20-320 to ! 640. Seven of these (47 %) had BK-virus-
specific IgM confirmed by IEM. Overall, of the 430
patients studied at least 11 (2-6%) had BK-virus-
specific IgM and there may have been twice this
number, a figure similar to that found by Taguchi
and colleagues.21 In these 11 women there is no
evidence that BK-virus crossed the placenta and
infected the fetuses.
As yet there have been no reports on the occurrence

of JC-virus-specific IgM. Although we were unable to
screen the women in the survey by FA for JC-virus-
specific IgM, the studies we did on the sera from the
40 cytologically-positive women and the cord bloods
from their babies indicated that JC-virus tends to be
reactivated more commonly during pregnancy than
BK-virus; JC-virus-specific IgM was detected and
confirmed by IEM in seven (l7-5 %) of the women.
This finding can be correlated with those of the
previous study20 on this group in which four of the
six viruses isolated and identified were JC-virus and
only one was BK-virus.

In contrast to our findings with BK-virus, we have
evidence that transplacental infection of JC-virus
may have occurred in one child whose mother had
evidence of a polyomavirus reactivation infection
during pregnancy. JC-virus-specific IgM was detected
in small amounts in fractionated maternal sera and
cord blood by HI, but could only be confirmed by
IEM in the maternal sera. In the mother JC-virus-
specific IgM was detected early in pregnancy and
persisted until delivery. Except for this one case we
have no other evidence that JC-virus can cross the
placenta during pregnancy and affect the fetus.

Production of specific IgM to BK- and JC-viruses,
like virus excretion in these pregnant women,20
tended to persist to term. This probably reflects an
altered state of immunity. They were not followed up
after delivery, so it is not known how long BK-virus-
or JC-virus-specific IgM was produced in the post-
partum period. The situation is similar to that
reported in renal transplant patients14 in whom
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BK-virus-specific IgM was found to persist over

several months. Unlike renal transplant patients,
however, the concentrations ofIgM during pregnancy
tend to be very low. Only one of the 16 pregnant
women had high levels of polyomavirus-specific IgM
and this was specific for BK-virus. During the first
two trimesters of this woman's pregnancy BK-virus-
specific IgM was detectable only by FA, but in the
third trimester both BK-virus-specific IgG and IgM
levels rose steeply (HI titres in fractionated sera !
1024). No inclusion-bearing cells had been found in
her urine and hence no attempt was made to isolate a
polyomavirus. Like cytomegalovirus (CMV)23 the
polyomavirus IgM responses in pregnancy were
thought to be due to reactivation of latent viruses
because we found no evidence of primary infection.
Schmitz and his colleagues23 also reported that
CMV-specific IgM titres during pregnancy were low.
However, they found that it persisted for periods of
less than six months while we found that polyo-
mavirus-specific IgM may last for longer periods, at
least six to seven months in some cases.

Two of the women in our survey had IgM specific
for both BK- and JC-viruses. One had high titres of
total antibody to both JC- and BK-virus while the
other had high titres to JC-virus only. Since no virus
was isolated from either of these women, it is not
known whether reactivation of both viruses occurred
or if there is some cross-reaction between the two
IgM species. Cross-reaction is more probable in
serum from the woman who had high antibody titres
to JC-virus only. This is similar to findings with two
renal transplantation recipients in whom high titres
of antibody to BK-virus and not JC-virus were

observed, but in whom both BK-virus- and JC-virus-
specific IgM were detected (unpublished results).
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