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(&) ABSTRACT

The present invention provides a method for detecting the
presence of cytomegalovirus (CMV) in a fetal sample by
determining the presence of anti-hsp70 antibodies present in
the fetal sample. The invention further provides a method for
monitoring CMV infection in a human fetus. In another
embodiment, the invention provides a method for detecting
CMV in a cord blood sample of a neonate.
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IGM ANTIBODIES TO THE 70 KDA HEAT
SHOCK PROTEIN AS A MARKER FOR
CYTOMEGALOVIRUS INFECTION

This application asserts the priority of U.S. provisional
application Ser. No. 60/366,428 filed Mar. 21, 2002, the
specification of which is hereby incorporated by reference in
its entirety.

BACKGROUND OF THE INVENTION

The heat shock proteins (hsps) are synthesized by a host
cell in response to physical, chemical or biological stresses.
A typical example of a biological stress includes infection of
a host cell with a virus.

One member of hsps is the family of proteins known as
hsp70. The function of hsp70 is to assist in thermotolerance,
prevention of misfolding of nascent polypeptides, trans-
membrane protein transport and nuclear protein transport
(Welch, 1993).

Avirus that induces the expression of hsp70 in humans is
the human cytomegalovirus (CMV). CMV is a member of
the herpesvirus family.

Expression of hsp70 may be induced by several CMV
proteins that activate the hsp70 promoter. These CMV
proteins include the CMV immediate-early proteins 1 (IE1)
and 2 (IE2), and the US3 and UL37 gene products
(Hagemeir et al., 1992). The hsp70 protein has no known
function in the virus replication cycle, but theoretically may
assist in assembly of the CMV virion.

CMYV is the most common viral intrauterine infectious
agent, affecting 0.5-2.5% of all live births (Hagay et al.,
1996). The infectious virus reaches the uterus via the blood-
stream. The virus then traverses the placenta and infects the
developing fetus. Such fetal CMV infections are called
congenital infections.

Transmission of the virus to the fetus may occur as a result
of either a primary maternal CMV infection or a recurrent
maternal CMV infection. A primary maternal CMV infec-
tion is the initial infection of the mother with CMV. In
contrast, a recurrent infection occurs as a result of reactiva-
tion of endogenous latent CMV or a reinfection with a new
strain of CMV.

The transmission of CMV to a fetus may occur any time
throughout a pregnancy. Primary maternal infection poses
the major risk for congenital infection with a transmission
rate of approximately 30-40%. The rate of transmission for
a recurrent infection is about 0.15-1%.

Ten percent of congenitally infected infants develop con-
genital CMV syndrome (eg., death, encephalitis, neurologi-
cal problems, etc.) while 90% are asymptomatic at birth
(Hagay et al., 1996). Of the 10% of congenitally CMV
infected infants, approximately 20% die and 72% develop
major neurological problems.

Of the 90% of congenitally infected infants that are
asymptomatic at birth, 5-7% will be afflicted by late
sequelac. The late sequelae include mental retardation,
deafness, and hearing defects. These symptoms usually
appear during the first two years of life (Demmler 1994,
Stagno et al., 1986).

Diagnosis of congenital CMV infection is typically made
by detecting CMV in the amniotic fluid by culture or
polymerase chain reaction (PCR). This method yields a
sensitivity of about 70-100% (Hagay et al., 1996; Levy et
al., 1996; Bodeus et al., 1999; Donner et al., 1993).

CMV infection in the first or second trimester of preg-
nancy typically results in an outcome for the fetus or the
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newborn that is less favorable than CMV infection in the
third trimester (Stagno et al., 1986). Early detection, espe-
cially in the first trimester or early in the second trimester,
would facilitate the option to terminate the pregnancy.
Therefore, early detection of fetal CMV infection is impor-
tant.

CMV infection is typically detected by assaying for CMV
in amniotic fluid. However, in order to reliably detect CMV
in amniotic fluid, the amniocentesis must be performed after
21 weeks of gestation (i.e., almost the end of the second
trimester), and at least six weeks after seroconversion
(Grangeot-Keros et al., 2001).

Another problem with detecting CMV by amniocentesis
is that detection of CMV in amniotic fluid merely differen-
tiates infected from uninfected fetuses. This method for
detecting CMV does not reveal the extent of infection in the
fetus.

Accordingly, detecting CMV in amniotic fluid does not
accurately determine fetal outcome. An accurate determina-
tion of fetal outcome is important in order to provide
appropriate counseling for parents.

Commercial ELISA kits that measure CM V-specific anti-
bodies have also been used to detect congenital CMV
infection (Azam et al., 2001). The antigen used for detection
of CMV-specific antibodies in the ELISA is typically either
a specific structural protein (e.g., pUL32, pULS3, pUL80a)
or a specific nonstructural protein (e.g., pUL57, pUL44).

These commercial ELISAKits are used in assays in which
blood is taken from a patient at a time that corresponds to a
point in the life cycle of the virus. Various viral proteins are
produced in different amounts during the life cycle of the
virus. The variation in amounts of viral proteins produced by
the virus results in differences in the amounts of antibodies,
produced by the patient, to the viral proteins.

Since the commercial ELISA kits measure the amount of
antibodies to a specific viral protein, the result of the assay
depends on when blood is obtained and on which protein the
commercial kit uses as an antigen. Therefore, the correlation
of results obtained with different commercial kits that mea-
sure CMV-specific antibodies is poor (Lazzarotto et al.,
1992). Contradictory results may be obtained if a serum
sample is tested with two different kits. The sensitivity of
these commercial ELISA is reported to be only 20-70%
(Hogge et al., 1993; Hohlfeld et al., 1991).

Therefore, there is an immediate need for a reliable
method for detecting congenital CMV infection and for
determining the extent of the infection in a fetus. In addition,
since about 10% of asymptomatic newborns will suffer late
sequelae of a CMV infection, there is a need to assess CMV
infection in a neonate at the time of birth.

SUMMARY OF THE INVENTION

The above needs have been satisfied by providing a
method for detecting the presence of CMV in a fetal sample.
The method comprises obtaining a fetal sample from a
human fetus of an expectant mother infected with CMV, and
determining the presence of anti-hsp70 antibodies in the
fetal sample. The presence of anti-hsp70 antibodies indi-
cates the presence of CMV in the fetal sample.

In another embodiment, the invention provides a method
for monitoring CMV infection in a human fetus. The method
comprises obtaining a first fetal sample from the fetus of an
expectant mother infected with CMV, determining the
amount of anti-hsp70 antibodies in the first fetal sample,
obtaining a subsequent fetal sample, and determining the
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amount of anti-hsp70 antibodies in the subsequent fetal
sample. A change in the first sample compared to the
subsequent sample indicates a change in the infection. Such
changes permit monitoring of CMV infection in the fetus.

In yet another embodiment, the invention provides a
method for detecting the presence of CMV in a cord blood
sample of a neonate. The method comprises obtaining the
cord blood sample and determining the presence of anti-
hsp70 antibodies in the sample. The presence of anti-hsp70
antibodies in the sample indicates the presence of CMV in
the cord blood sample.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention is based on the discovery by the
inventor that IgM antibodies to hsp70 are produced by a
fetus as a result of congenital CMV infection, and that an
assay for such IgM antibodies constitutes a reliable measure
of CMV infection.

In one embodiment, the invention relates to a method for
detecting the presence of CMV in a sample. The sample may
be a fetal sample or a cord blood sample from a neonate.

A fetal sample refers to any fluid in the fetus or enclosed
by the amniotic sac, including the umbilical cord, that may
contain antibodies from a fetus. Examples of fetal samples
include fetal sera, fetal blood, cord blood, and amniotic
fluid. A human fetus is typically defined as existing from
about the eighth week after conception to the moment of
birth.

A cord blood sample from a neonate is obtained from the
umbilical cord shortly after birth. A neonate is typically
defined as existing from birth until about four weeks.

The first step in the method is obtaining a fetal sample or
a cord blood sample from a neonate. The fetal sample may
be collected by any method known in the art. For example,
fetal sera can be derived from the blood of a developing
fetus. Fetal blood (e.g., cord blood) may be obtained from
the umbilical cord by cordocentesis as described in Daffos et
al., 1985.

Alternatively, the fetal sample may be obtained from the
amniotic fluid. Amniotic fluid may be obtained by any
method known in the art, for example by amniocentesis (see
for example, Marthin et al., 1997).

The fetal samples may be obtained at any time during fetal
development. For example, the fetal sample may be obtained
during the first trimester, second trimester, and/or third
trimester.

A cord blood sample from a neonate may be obtained
from the umbilical cord of the neonate by any method
known in the art. Preferably, the cord blood sample is
obtained within about 24 hours after birth, more preferably
within about six hours, and most preferably within about two
hours after birth of the neonate.

It is important to note that, in one embodiment, a fetal
sample can be a cord blood sample, which is obtained from
the umbilical cord of a fetus before birth. In another
embodiment, a sample is a cord blood sample of a neonate,
which is taken from the umbilical cord after birth.

The second step in the method of the above embodiment
is determining the presence of anti-hsp70 antibodies in the
sample. Determining the presence of anti-hsp70 antibodies
may be accomplished by any method known in the art. Some
examples include immunoassays such as, for example, an
ELISA (Current Protocols in Immunology, Wiley
Intersciences, New York, 1999) and a standard blot assay
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(Towbin et al., 1979 and Towbin et al., 1984). These assays
are described in more detail below.

Determining the presence of anti-hsp70 antibodies may be
qualitative. For example, the presence of anti-hsp70 anti-
bodies may be indicated by means of an assay that leads to
a detectable signal, such as a change in color or the emission
of radioactivity, as compared to that of a control sample.
Such a change indicates the presence of anti-hsp70
antibodies, thereby indicating the presence of CMV in the
sample.

A control sample, depending on the particular
embodiment, is typically a fetal sample from an uninfected
fetus or a cord blood sample from an uninfected neonate. For
example, if the method is used to detect the presence of
CMV in a fetal sample, then the control sample is typically
a fetal sample from an uninfected fetus. However, if the
method is used to detect the presence of CMV in a cord
blood sample of a neonate, the control sample is typically a
cord blood sample from an uninfected neonate.

The above method for determining the presence of anti-
hsp70 antibodies may further comprise determining the
amount of anti-hsp70 antibodies in the sample relative to the
amount of anti-hsp70 antibodies in a control sample. The
quantitative assays for determining this amount may, for
example, use known quantities (i.e., standards) of anti-hsp70
antibodies. These standards may be used to generate a
standard curve that relates a concentration of anti-hsp70
antibodies to the quantity of a detectable signal. The detect-
able signal can be, for example, the quantity of light emitted
or absorbed (e.g., optical density) or quantity of radioactiv-
ity emitted (e.g., radioactive counts per minute).

For example, a graph of known concentrations of anti-
hsp70 antibodies versus optical density or radioactive counts
may be used to calculate the amount (e.g., concentration) of
anti-hsp70 antibodies in the sample. The amount of anti-
hsp70 antibodies detected in a sample using a quantitative
assay is typically compared to the amount of anti-hsp70
antibodies in a control sample (i.e., background amount).

It is not, however, necessary to generate a standard curve
or to calculate the amount of anti-hsp70 antibodies in a
sample. Alternatively, the quantity of the detectable signal
(e.g., light absorbed or emitted, or radioactivity emitted)
from a sample to that of a control sample (i.e., background
signal) may be used as a measure of the amount of anti-
hsp70 antibodies in the sample relative to the control
sample. The quantity of detectable signal is indicative of the
amount of anti-hsp70 antibodies present in the sample since
an increase in optical density or radioactive counts correlate
with an increase in the concentration of anti-hsp-70 anti-
bodies. Accordingly, the quantity of detectable signal may
be used as a measure of the amount of anti-hsp70 antibodies.

It is not necessary to determine the background amount or
the quantity of background signal each time an assay is
conducted. It is well known in the art to compare the amount
of ant-hsp70 antibodies or the quantity of detectable signal
obtained as a measure of the amount of anti-hsp70 antibod-
ies in the test sample to that of a previously determined
background amount or background signal.

An amount of anti-hsp70 antibodies significantly elevated
over that of the control indicates the presence of CMV in the
sample. (It is understood that, as used herein, the amount of
anti-hsp70 antibodies may be indicated by the quantity of
the detectable signal.)

If the amount of anti-hsp70 antibodies in the control is a
mean value, and the standard deviation of the mean value is
known, or can be calculated, an amount is considered to be
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significantly greater if the amount is at least two standard
deviations greater than the mean value of the control. If the
standard deviation is not known, and cannot be calculated,
an amount is significantly greater if the amount is at least
about 10%, preferably at least about 25%, more preferably
at least about 50%, even more preferably at least about 75%,
and most preferably at least about 100% greater than that of
the control. If no anti-hsp70 antibodies can be detected in the
control, an amount of anti-hsp70 antibodies is significant if
it can be detected in the sample.

The amount of anti-hsp70 antibodies present in the
sample may be used to indicate the outcome of a fetus or
neonate infected with CMV. For example, the amount of
anti-hsp70 antibodies present may be an amount that is
sufficient to cause congenital CMV syndrome. The amount
sufficient to cause congenital CMV syndrome is typically at
least about 100%, more typically at least about 150%, and
most typically at least about 200% greater than the control.
Some consequences of congenital CMV syndromes include,
for example, deafness, neurological disorders, encephalitis
and, in extreme cases, death.

In contrast, the amount may be an amount that is sufflcient
to cause the fetus to be asymptomatic at birth. For example,
the amount that is asymptomatic is typically at most about
10%, more typically at most about 50%, and most typically
at most about 100% greater than the control. Such an amount
of anti-hsp70 antibodies may, however, be sufflcient to cause
late sequelac. Some examples of late sequelae include
mental retardation, deafness, and hearing defects.

The amount of anti-hsp70 antibody may not be statisti-
cally different from that of the control. A non-statistically
different amount would typically indicate that the fetus or
neonate is not infected with CMV or that the fetus or neonate
had not yet seroconverted. As used herein, seroconverted
means that a fetus or neonate has not yet developed anti-
bodies to hsp70. Preferably, the fetus would continue to be
monitored for CMV infection. In addition, infected fetuses
may also be monitored for CMV infection to determine the
effect of administration of anti-viral drugs on the CMV
infection.

In yet another embodiment, the invention relates to a
method for monitoring CMV infection in a human fetus. The
first step in the method is obtaining a first fetal sample.

The first fetal sample may be obtained at any time
throughout fetal development. Preferably, the first sample is
obtained during the first trimester. For example, the first
sample may be taken at approximately ten weeks by amnio-
centesis or at approximately twenty-two weeks by cordo-
centesis.

The second step in the monitoring method is determining
the amount of anti-hsp70 antibodies in the first fetal sample.
The amount of anti-hsp70 antibodies may be determined by
the methods described above.

The third step in the monitoring method is obtaining a
subsequent fetal sample. One or more subsequent samples
may be collected at various intervals throughout fetal devel-
opment. The intervals can be determined by those in the art.
For example, the second sample can be obtained about one,
two, three, or four or more weeks after obtaining the first
fetal sample. The amount of anti-hsp70 antibodies in the
additional subsequent fetal samples can be determined as
described above.

A change in the amount of anti-hsp70 antibodies in the
first sample compared to the subsequent sample indicates a
change in the CMV infection. The change may be, for
example, an increase in the amount of anti-hsp70 antibodies,
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a decrease in the amount of anti-hsp70 antibodies, or a
change in the infection status. An increase in the amount of
anti-hsp70 antibodies detected indicates the progression of
CMV infection. A decrease in the amount of anti-hsp70
antibodies detected may indicate the regression of the infec-
tion. The regression of CMV infection may occur, for
example, as a result of anti-viral treatments. A change in the
infection status of the fetus from uninfected to infected
indicates seroconversion of the fetus.

The CMYV that is useful in the methods of the present
invention may be any strain of CMV. Preferably, the CMV
is a clinical strain of CMV. Some examples of CMV strains
include, but are not limited to, AD-169, UL37, and Towne.
Preferably, the CMV is a human CMV.

The expectant mother may come into contact with CMV
in several ways. Typically, infection occurs as a result of
contacting body fluids from another individual infected with
CMV.

The expectant mother may be infected with CMV at any
time. For example, the expectant mother may be infected
any time prior to conception, during conception, or at any
time throughout the pregnancy.

Transmission of CMV from the mother to the human fetus
may occur as a result of a maternal primary infection or a
maternal recurrent infection. A maternal primary CMV
infection is the first, initial infection of the expectant mother
with the virus. A maternal recurrent CMV infection is an
infection that typically occurs as a result of the reactivation
of endogenous latent CMV or a re-infection with a new
strain of CMV. An expectant mother with either a primary or
recurrent CMV infection is said to be infected with CMV.

The CMV may be transmitted from the mother to the fetus
at any time during the pregnancy. Transmission of the virus
from the mother to the fetus may occur in several ways.
Typically the infectious virus reaches the uterus through the
bloodstream and crosses the placenta to infect the develop-
ing fetus.

Anti-hsp70 antibodies that can be assayed in accordance
with the methods of the invention are anti-hsp70 antibodies
produced by the fetus in response to CMV. The anti-hsp70
antibodies may, for example, be an antibody to hsp70 or an
antibody to hsp70 complexed to another molecule. The other
molecule may, for example, be a human molecule, typically
a human protein.

Alternatively, the other molecule may, for example, be a
CMV viral molecule, typically a CMV viral protein. The
CMV viral proteins may, for example, be structural or
nonstructural proteins. Some examples of CMV viral pro-
teins include, but are not limited to, pUL32, pULS3,
pULS80a, pUL57, and pUL44.

The antibodies may be any class of antibody. In humans,
for example, there exists five isotypes: immunoglobin (Ig)
G, IgA, IgM, IgD, and IgE. Preferably, the antibodies are of
the IgM isotype.

General Methods

Determining the presence of anti-hsp70 antibodies,
amount of anti-hsp70 antibodies, or quantity of detectable
signal can be preformed by any method known in the art.
Some general methods and techniques are described below.
More specific methods and techniques are found in the
specific examples below.

As stated above, examples of methods and techniques
include an ELISA assay and a standard blot assay. These
assays are normally based on incubating a sample, suspected
of containing the antibody, with a protein and detecting the
presence of a complex between the antibody and the protein.
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For example, the protein is preferably immobilized prior to
detection and is referred to as a capture antigen. For the
purposes of this invention, the capture antigen is typically
hsp70. Immobilization may be accomplished by directly
binding the capture antigen to a solid surface, such as a
microtiter well. If anti-hsp70 antibodies are present in the
sample, the antibodies will bind to the capture antigen.

A second antibody is added that binds specifically to the
isotype of the anti-hsp70 antibodies in the sample.
Preferably, the second antibody will recognize the human
IgM antibody isotype. The second antibody may be labeled
by methods known in the art. The secondary antibody may,
for example, be radiolabeled or enzymatically labeled.
Preferably, the labeled second antibody is enzymaticaly
labeled to provide, for example, visual or photometric
analysis. Examples of such enzymatic labels include, for
example, horse radish peroxidase and alkaline phosphatase.
Some examples of photometric instruments that may be used
for analysis include, for example, a spectrophotometer and
an ELISA plate reader.

In general, it is desirable to provide incubation conditions
sufficient to cause binding of as much antibody present in the
sample as possible. The specific concentrations of labeled
second antibodies, the temperature and time of incubation,
as well as other such assay conditions, can be varied,
depending upon various factors including the concentration
of anti-hsp70 antibodies in the sample, the nature of the
sample and the like. Those skilled in the art will be able to
determine operative and optimal assay conditions for each
determination by employing routine experimentation.

EXAMPLES
Example 1
Materials and Methods

In Switzerland, routine screening of pregnant women
exists in an attempt to prevent congenital CMV infection.
Repetitive serum samples of all seronegative patients allows
the clinician to detect and date seroconversion. To determine
the relation between IgM antibodies to hsp70 and fetal CMV
infection, fetal sera obtained by cordocentesis during 22-25
weeks of gestation from 53 mothers who developed a
primary CMYV infection during the first trimester of preg-
nancy between July 1990 to August 2000 were analyzed. As
controls, 28 fetal sera obtained from mothers being screened
for Rh incompatibility were also tested. Any woman pre-
senting with another recent infection was excluded (i.e.,
hepatitis, herpes, parvovirus, syphillis, HIV, toxoplasmosis).

Informed consent was obtained from patients and human
experimentation guidelines of the US Department of Health
and Human Services were followed in the conduct of this
research.

Serologic diagnosis of primary CMV infection was docu-
mented by seroconversion (i.e., appearance of de novo
specific IgG and IgM antibodies in a patient who had been
seronegative). The first serological test was performed at
8-12 weeks gestation. For seronegative women, a second
and third test was performed at 16-18 and 20-22 weeks,
respectively. If a positive test was reported a repeat test was
performed in approximately two weeks. A CMV-specific
IgG avidity test differentiated primary from non-primary
infection (Grangeot-Keros et al., 1997; Lazzarotto et al.,
1997). All patients with a CMV avidity index >65% were
excluded. All maternal IgG and IgM tests were performed by
the same laboratory. Prenatal diagnosis was evaluated by
two methods in the 53 CMV-positive subjects, involving a
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combination of amniocentesis and chordocentesis under
ultrasound guidance. Diagnosis of intrauterine CMV infec-
tion was obtained by isolation of the virus from amniotic
fluid by culture or by identification of CMV DNA through
PCR. When pregnancy termination was performed, viral
cultures of fetal tissue were used to confirm the diagnosis
and analyses for detection of CMV inclusions in fetal tissues
were performed. For cases proceeding to birth, CMV isola-
tion from the offspring’s urine was systematically per-
formed.

For all congenitally infected infants, complete follow-up
information was obtained from pediatricians. For uninfected
infants, information was collected from either the pediatri-
cian or the parents in all cases but one that was lost to
follow-up.

Sera were tested without knowledge of the final diagnosis
for IgG and IgM antibodies to hsp70 as well as the 60 kDa
heat shock protein (hsp60), used as an additional stress
marker, by ELISA, using the purified recombinant proteins
(StressGen, Victoria, BC) bound to wells of a microtiter
plate (Witkin et al., 1998). Briefly, sera were diluted 1:10 in
phosphate buffered saline-0.05% Tween 20 (PBS-Tween)
and added to the wells containing 1 ug bound heat shock
protein. After an incubation of 60 minutes in a 37° C. water
bath, the wells were washed three times with PBS-Tween
and incubated with 0.1 ml of a 1:200 dilution of alkaline
phosphatase-conjugated goat antibody to human IgG or
IgM. Following an additional 60 minutes at 37° C., the wells
were again washed with PBS-Tween and the alkaline phos-
phatase substrate, p-nitrophenylphosphate in 10% diethano-
lamine buffer was added. The absorbance in each well was
determined at 405 nm after 30 minutes using a microtiter
plate reader (Titertek Inc, Huntsville, Ala.). A positive result
was operationally defined as an optical density at least three
standard deviations above the mean value obtained with the
control sera. This value was 0.092 for anti-hsp70 IgM and
0.097 for anti-hsp70 IgG.

Data were compared between groups using the Mann-
Whitney rank-sum test. p values of <0.05 were considered
statistically significant.

Example 2

Detection of CMV by Amniotic Fluid Culture or
PCR

The mean gestational age at the time of cordocentesis was
23 weeks (range 22 to 25 weeks) in all subjects and controls.
As determined by amniotic fluid culture or PCR, 15 (28.3%)
of the 53 fetuses were congenitally infected with CMV. An
additional three fetuses were culture negative but testing
performed after birth resulted in isolation of CMV from
urine samples. Of the 18 infected fetuses, termination of
pregnancy occurred in 8 cases. From each of these cases,
tissue culture confirmed the diagnosis and CM V-inclusions
were searched for in different tissues. From the 10 infected
fetuses in which the pregnancy proceeded to delivery, one
presented as a stillbirth at 38 weeks. At autopsy, tissue
culture confirmed the CMV infection but no CMV-
inclusions were identified in the different tissues. Amniotic
fluid aspiration was the final diagnosis. Of the remaining 9
cases, two had congenital CMV syndromes, one had bilat-
eral deafness at 6 months and one had unilateral hypoacou-
sia and chorioretinitis at 3 months. The remaining five
neonates had no detectable pathology.

Example 3

IgG and IgM Aantibodies to hsp60 and hsp70 in
Sera from CM V-infected and CMV-uninfected
Fetuses

Aantibodies to hsp70 and hsp60 were determined in the 18

infected, the 35 uninfected, and the 28 control fetuses. Mean
values and ranges are presented in Table 1.
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The mean values for IgG anti-hsp70 antibodies were
higher in fetuses of infected mothers than in controls (0.23
for fetuses from infected mothers and 0.07 for control
fetuses; p<0.0001), regardless of whether or not the fetus
was infected. In contrast, anti-hsp70 IgM was elevated only
in CMV-infected fetuses and not in uninfected or control
fetuses (0.17 for infected fetuses and 0.06 for uninfected and
control fetuses; p<0.0001).

Results of anti-hsp60 IgG and IgM testing showed no
statistically significant differences between sera of infected,
uninfected or control fetuses, respectively (see Table 1).

Of the 53 mothers positive for CMV infection, 52 (98.1%)
were positive for IgG anti-hsp70. Seventeen of the 18
CMV-infected fetuses (94.4%) were IgM anti-hsp70 posi-
tive. In marked contrast, only 3 of the 35 uninfected fetuses
(8.6%) and none of the 28 controls were antibody positive
(p<0.0001): Thus, as a screening test for CMV fetal
infection, IgM anti-hsp70 had a sensitivity of 94%, a speci-
ficity of 91%, a positive predictive value of 85% and a
negative predictive value of 97%.

TABLE 1
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TABLE 2

Relation between IgM anti-hsp70 optical density (O.D.) and fetal
outcome in CMV-infected fetuses.

O.D. Birth Termination Outcome or pathology finding

0.351 1 CMV inclusions in tissues

0.294 1 CMV inclusions in tissues

0.242 1 CMV inclusions in tissues

0.230 1 Bilateral deafness

0.212-0.228 2 CMV inclusions in tissues

0.191 1 Unilateral hypoacousia, retinitis

0.130-0.140 1 Stillbirth, no CMV inclusions

0.130-0.140 3 one CMV inclusion in lung of one
fetus, others without CMV inclusions

0.072-0.124 7 0 All normal
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IgG and IgM antibodies to hsp60 and hsp70 in sera from CMV-infected and

CM V-uninfected fetuses.

Mean Optical Dentsity (range)

Fetal CMV Hsp60 Hsp70
Infection No. Cases IeG IgM IeG IgM
Positive 18 1.32 0.19 0.23* 0.17°
(0.64-2.91) (0.08-0.55) (0.06-0.41) (0.07-0.35)
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Controls 28 1.29 0.16 0.07 0.06
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What is claimed is:

1. A method for detecting the presence of cytomegalovi-

rus in a fetal sample, the method comprising:

i) obtaining a fetal sample from an expectant mother
infected with cytomegalovirus, wherein the fetal
sample is a fluid in the fetus or enclosed by the amniotic
sac; and

ii) determining the amount of anti-heat shock protein 70
IgM antibodies or the quantity of detectable signal that
is a measure of the amount of anti-heat shock protein 70
IgM antibodies in the fetal sample,

wherein an elevated amount of anti-heat shock protein 70

IgM antibodies or quantity of detectable signal indicates the

presence of cytomegalovirus in the fetal sample.

2. A method according to claim 1, wherein the fetal

sample is cord blood.

3. A method according to claim 1, wherein the fetal

sample is fetal sera.

4. A method according to claim 1, wherein the fetal

sample is amniotic fluid.
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5. Amethod according to claim 1, wherein the mother has
a primary cytomegalovirus infection.

6. A method according to claim 1, wherein the mother has
a recurrent cytomegalovirus infection.

7. A method according to claim 1, wherein the anti-heat
shock protein 70 antibody is an antibody to a heat shock
protein 70 complexed to a cytomegalovirus viral protein.

8. A method according to claim 1, wherein the amount of
anti-heat shock protein 70 antibodies or quantity of detect-
able signal in the fetal sample is an amount or quantity
sufficient to cause congenital cytomegalovirus syndrome.

9. A method according to claim 1, wherein the amount of
anti-heat shock protein 70 antibodies or quantity of detect-
able signal in the fetal sample is an amount or quantity
which is asymptomatic at birth.

10. A method for monitoring cytomegalovirus infection in
a human fetus, the method comprising:

1) obtaining a first fetal sample from an expectant mother
infected with cytomegalovirus, wherein the fetal
sample is a fluid in the fetus or enclosed by the amniotic
sac;

ii) determining the amount of anti-heat shock protein 70
IgM antibodies present in the first fetal sample,

iii) obtaining a subsequent fetal sample, and

iv) determining the amount of anti-heat shock protein 70
IgM antibodies in the subsequent fetal sample,

wherein a change in the amount of anti-heat shock protein 70
IgM antibodies in the first sample compared to the subse-
quent sample indicates a change in the infection, thereby
monitoring the cytomegalovirus infection in the fetus.

11. A method according to claim 10, wherein the fetal
sample is cord blood.

12. A method according to claim 10, wherein the fetal
sample is fetal sera.

13. A method according to claim 10, wherein the fetal
sample is amniotic fluid.

14. A method according to claim 10, wherein the presence
of anti-heat shock protein 70 antibodies is in the fetal sample
in an amount sufficient to cause congenital cytomegalovirus
syndrome.

15. A method according to claim 10, wherein the presence
of anti-heat shock protein 70 antibodies is in the fetal sample
in an amount which is asymptomatic at birth.

16. A method according to claim 10, wherein the mother
has a primary cytomegalovirus infection.

17. A method according to claim 10, wherein the mother
has a recurrent cytomegalovirus infection.

18. A method according to claim 10, wherein the anti-heat
shock protein 70 antibody is an antibody to a heat shock
protein 70 complexed to a CMV viral protein.

19. A method for detecting the presence of cytomegalovi-
rus in a cord blood sample of a neonate, the method
comprising:

1) obtaining the cord blood sample and

ii) determinin the amount of anti-heat shock protein 70
IgM antibodies or quantity of detectable signal that is
a measure of the amount of anti-heat shock protein 70
IgM antibodies in the sample;

wherein an elevated amount of anti-heat shock protein 70
IgM antibodies or quantity of detectable signal in the sample
indicates the presence of cytomegalovirus in the cord blood
sample.

20. A method according to claim 19, wherein the anti-heat
shock protein 70 antibody is an antibody to a heat shock
protein 70 complexed to a CMV viral protein.

21. A method according to claim 19, wherein the amount
of anti-heat shock protein 70 antibodies or quantity of
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detectable signal in the sample is an amount or quantity 23. A method according to claim 19, wherein the amount
sufficient to cause late sequelae. of anti-heat shock protein 70 IgM antibodies or the quantity

22. Amethod according to claim 1, wherein the amount of of detectable signal that is a measure of the amount of
anti-heat shock protein 70 IgM antibodies or the quantity of anti-heat shock protein 70 IgM antibodies in the sample is
detectable signal that is a measure of the amount of anti-heat 5 relative to a control sample.
shock protein 70 IgM antibodies in the fetal sample is
relative to a control sample. LI B B
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TABLE 2
Reclation between IgM anti-hsp70 optical density (O.D.) and fetal
outcome in CMV-infected fetuses.
O.D. Birth Termination Outcome or pathclogy finding
0.351 1 CMV inclusions in tissues
0.294 1 CMYV inclusions in lissues
0.242 1 CMYV inclusions in tissues
0.230 1 Bilateral deafness
0.212-0.228 2. CMYV inclusions in tissues
0.191 1 Unilateral hypoacousia, retinitis
0.130-0.140 1 Stillbirth, no CMV inclusions
0.130-0.140 3 one CMV inclusion in lung of one
fetus, others without CMV inclusions
0.072-0.124 7 0 All normal
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