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Abstract Several viruses can pass the maternal-fetal
barrier, and cause diseases of the fetus or the newborn.
Recently, however, it became obvious, that viruses may
invade fetal cells and organs through different routes
without acute consequences. Spermatozoa, seminal fluid
and lymphocytes in the sperm may transfer viruses into the
human zygotes. Viruses were shown to be integrated into
human chromosomes and transferred into fetal tissues. The
regular maternal-fetal transport of maternal cells has also
been discovered. This transport might implicate that
lymphotropic viruses can be released into the fetal organs
following cellular invasion. It has been shown that many
viruses may replicate in human trophoblasts and syncytiotrophoblast cells thus passing the barrier of the maternalfetal interface. The transport of viral immunocomplexes had
also been suggested, and the possibility has been put
forward that even anti-idiotypes mimicking viral epitopes
might be transferred by natural mechanisms into the fetal
plasma, in spite of the selective mechanisms of apical to
basolateral transcytosis in syncytiotrophoblast and basolateral to apical transcytosis in fetal capillary endothelium.
The mechanisms of maternal-fetal transcytosis seem to be
different of those observed in differentiated cells and tissue
cultures. Membrane fusion and lipid rafts of high cholesterol content are probably the main requirements of fetal
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transcytosis. The long term presence of viruses in fetal
tissues and their interactions with the fetal immune system
might result in post partum consequences as far as
increased risk of the development of malignancies and
chronic pathologic conditions are discussed.
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AAV
adeno-associated parvovirus
CXCR-4
co-receptor of HIV (chemokine receptor)
CXCL-12 chemokine receptor
EBV
Epstein-Barr virus
Env
viral envelope
FcR
Fc-receptor
HBV
hepatitis B virus
HCMV
human cytomegalovirus
HCV
hepatitis C virus
HERV
human endogenous retrovirus
HHV-1–8
human herpesvirus types 1 to 8
HIV
human immunodeficiency virus
HLA-G
unusual transplantation antigen
HTLV-1–3 human T-cell leukemia virus types 1 to 3
HPaV
human papillomavirus
HPV-B19
human parvovirus B-19
HPyV
human polyomavirus
HSV
herpes simplex virus
KSHV
Kaposi’s sarcoma herpesvirus
miRNA
micro (regulatory) RNA
NEF
regulatory factor of HIV
PCR
polymerase chain reaction
SCD-1
stromal cell derived factor-1
SV-40
simian (polyoma) virus “40”
TTV
“transfusion transmitted” Anellovirus
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Introduction
Viruses, which may cause illnesses of the fetus have been
reviewed by several authors in the past [55, 63, 70, 80, 81,
91, 166]. Rubella [71], measles [55, 81], Togaviruses [63],
Flaviviruses [80], hepacivirus (HCV) [112], Hepadnaviruses (HBV) [19, 212, 223], human immunodeficiency
virus (HIV) [21, 101, 169, 204, 205], human cytomegalovirus (HCMV) [45, 56, 66, 197, 226, 230], human
herpesvirus types 1 (HSV) [6], 6 (HHV6) [5, 12, 173,
197], 7 (HHV7) [70, 152] and 8 (HHV8) [222], human
parvovirus B19 (HPV-B19) [40, 74, 139], dependovirus
(AAV) [25], human adenovirus [95, 96], Epstein-Barr virus
(EBV) [5, 44, 222], human papillomaviruses (HPaV) [3, 4,
60, 183, 222], human polyomaviruses (HPyV) [10],
lentiviruses [193] and the Anellovirus TTV (Dencs, A.,
Csire, M. and Takács, M. unpublished results) were shown
to be able to infect the placenta or cells of fetal origin. The
consequence may be accidentally the impairment of fetal
development and/or the illness of neonates or children.
The aim of this work was to review recently discovered
molecular mechanisms enabling viral infection of the
placenta and the transplacental transfer of viruses to the
fetus in contrast to the perinatal infection of neonates
during delivery [20–22, 147, 212].
There are two barriers separating the maternal tissues
from the fetal circulation. Syncytiotrophoblast is the 1st one
and the endothelial cells of the fetal blood vessels in the
microvilli is the second one through which viruses have to
be transported [110, 111, 178, 192] in order to cause fetal
infection.

Vertical Transmission of Viruses (Perinatal
or Transplacental?)
Thirty years elapsed until the original idea could be proven,
that the germ cells may transfer viral genes or viral
genomes into the zygote [10, 207]. The first example of
the presence of HHV6 in the nuclei of human cells and
their transmission to the descendants according to the
Mendelian rules (Peter Medveczky, unpublished) has been
proven recently [14, 39, 206–209]. About 2 % of the HHV6
subtype “A” carrier persons harbour the viral genome in the
germline, too [207–209]. In some individuals, however,
chromosomal integration can be detected in many, but not
in all cells of the body [113]. It has to be mentioned, that
conventional perinatal or transplacental HHV6 transmission
is also present in the population [228]. Some findings might
suggest that human parvoviruses can be transmitted
vertically via zygotes [139], too.
For the examination of semen new developments of
molecular techniques were required and the validation of
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the laboratory procedures had to be done because of the
mucopolysaccharide content of semen and because of the
presence of other substances inhibiting the polymerase
chain reaction [154]. These substances were shown not to
interfere with the in situ hybridisation techniques, which
also allowed the examination of viruses present in the
ejaculate. Viruses were found to be associated with
spermatozoa [10, 11, 33, 97, 129, 130, 154, 194, 215]
identified in the semen or seminal plasma and in genital
secretions of women [7, 18, 19, 29, 38, 48, 50, 69, 76, 78,
86, 104, 143, 179, 219]. Lymphocytes of semen might also
contain latent viruses [214–216] similar to the KSHV
detected in prostatic tissues [129, 195]. The listed data are
summarised in Table 1.
Seminal plasma was found to induce proliferation and
differentiation of B cells [105] thus potentially reactivating
lymphocyte-associated latent herpesviruses. The expression
of envelope proteins of endogenous C type retroviruses was
also induced on the membranes of oocytes following
fertilisation [138]. On the basis of the results listed one
may conclude that viruses can be present in all or in several
cells of the early developmental stages of the human
embryos. It has been discovered recently, that the induction
of syncytiotrophoblasts is regulated by the product of the
syncytine gene coded by an endogenous human retrovirus
[126].

The Perinatal Transmission and Transplacental
Transfer of Viruses could be Differentiated
only Recently
Reactivation of different viruses has been observed in
connection with the modulation of the maternal immune
system during pregnancy. The perinatal infection of the
newborn babies has been recognised first in the case of
papillomaviruses [27, 38, 164, 165, 174], herpesviruses
[12, 50, 70, 112, 143, 152, 196, 197], TT virus [29],
hepatitis B virus (HBV), HIV and hepatitis C virus (HCV)
[112, 117, 147, 169] during delivery. Molecular characterisation of viruses in sexual partners [196] and that in the
parents and neonates [102, 165, 183, 196, 197] supported
perinatal transmission, too.
The probability of transplacental transmission of HBV
[212] cannot be more than 0.9 % in Hungary, since the
perinatal infection of the neonates can be prevented in 99%
by active and passive immunisation of them immediately
upon birth [185].
Evidence has been presented that in a proportion of HIVinfected pregnants, the quasispecies of the fetal virus was
significantly different from that harboured by the mother
[101, 169]. This phenomenon can only be explained by the
transplacental transmission of HIV followed by an inde-
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Table 1 References on viruses
detected in semen, prostate and
in genital secretions of women
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Virus species in semen or
prostatic tissues

Virus isolation or
immuno-fluorescence

PCR

In situ
hybridisation

HSV
HCMV

[33]

[7, 19, 52, 86, 179, 219]
[7, 18, 19, 33, 86, 216, 219]

[48, 97]

HPaV
HPyV
EBV
HHV6
HHV8
Adenovirus
Virus in female genital tract
HSV
HCMV
EBV
HHV6
HpaV
HHV8
TTV

[7, 19]
[10]
[18]

[33]

[18, 19, 86]
[19, 39]
[69, 75, 78, 130, 154, 195]
[10]

[39, 113, 208]
[11, 78, 129]

[48]
[18]

pendent evolution of fetal and maternal variants of the
quasispecies. The transplacental transmission was found to
be facilitated by homozygosity of certain genes for example
that of HLA-G [1, 100, 156]. Transplacental transmission
was increasing when interleukin and TNF alpha [147, 151]
production were found to be enhanced in the placental
tissues due to inflammation [21]. The production of
facilitator molecules can probably be stimulated by the
increase of toll-like receptor-4 during gestational aging [59,
194], which was shown to react with endotoxins.
A series of publications reported the presence of viral
nucleic acids in fetal hydrops (HHV6) [5] or in the amniotic
fluid, cord blood and neonatal blood samples (Papillomaviruses [3, 4, 166, 222], herpesviruses [6, 63, 66, 113, 114,
152, 206, 222], HBV [20], AAV [25, 40], rubellavirus [71],
and TTV Anellovirus [Csire M., Dencs A., Takács M.
unpublished]) taken immediately following parturition.
In contrast to the previous findings an exceptional multiple
PCR screening [121] of amniotic fluid samples taken in the
first trimester of symptomless pregnancies was unable to
detect the presence of any viral DNA. Several possible
reasons might explain the findings of the authors. 1.)
Ontogenetic differentiation of the fetal tissues may probably
facilitate penetration of viruses without clinical consequences
only in the second half of the pregnancy [45, 56, 65]. 2.)
Because of the different metabolism, the presence of viruses
resulted in abortion and therefore in healthy pregnancies no
viral DNA could be detected in samples taken within the first
trimester. 3.) The viral DNA, if present, was probably within
or adsorbed to the cells of the amniotic fluid, since it
contains soluble lactoferrin, which would inactivate papillomaviruses or polyomaviruses [46, 51, 145].

[219]
[50]
[12, 143, 208]
[38, 164]
[104, 194]
[29]

[38]

Later, however, the majority of viral DNA was detected
in the meconium and cell debris of the amniotic fluid
samples [222] taken at birth at the end of normal
pregnancies.

Indirect Observations Supporting the Transplacental
Transmission of Viruses in Healthy Pregnancies
Two additional indirect observations supported the existence of transplacental transmission of papillomaviruses
and that of Kaposi’s sarcoma herpesvirus into the fetal
tissues without any clinical consequences. In elderly
patients, suffering from cancers of the head and neck, early
protein E6 coded for by papillomavirus 16, but no late
proteins were expressed in non-tumorous cells (neural
structures and endothelial cells) [60] of the patients. This
finding might indicate, that the infection had to occur early
in fetal ectodermal or mesodermal stem cells and only the
expression of early proteins was possible in the absence of
DNA replication upon birth when neural structures do not
replicate any more.
Another finding which supported exposition of the fetal
immune system to viral proteins was the peculiar difference
in the serological response of patients directed to antigens
of KSHV in contrast to those of HCMV, EBV and HHV6 in
myeloma multiplex and B-cell lymphoma patients [34].
Humoral immune response was present in the case of
patients positive for the DNA of HCMV, EBV and HHV6.
In contrast to these only 5 of 40 patients, who had viral
DNA in the white blood cells detected by nested PCR, were
able to produce detectable serological response to KSHV-
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specific antigens [34]. The absence of humoral immune
response might indicate fetal exposure to KSHV antigens
similar to “self” antigens during the ontogenesis of the fetal
immune system [54, 123].
One cannot exclude the possibility that viruses can be
vertically transmitted by the germ lines, through the
placenta and perinatally during delivery. How can the
transplacental transmission occur?

Replication of Viruses in Fetal Tissues In Vitro
and In Vivo
Fetal syncytiotrophoblast cells form the maternal-fetal barrier.
Both cytotrophoblast cells and syncytiotrophoblast cultures
were shown to support the growth of HCMV [8, 56, 81, 114,
115, 190, 198], HIV1 [9, 13, 35], HHV6 [14, 35], HSV1
[176], HTLV1 [198, 199], EBV [199] and HPV-B19 [74,
211]. In spite of the fact, that trophoblast cells do not express
CD4 [225] receptors only the CXCR4 co-receptor of HIV1,
the cells could be infected with the virus [204, 205, 217]. In
addition to these trophoblast cells were shown to be resistant
to the effect of alpha interferon, which could reduce virus
replication [32]. Human trophoblast cells could also be
infected with adenovirus recombinants [95, 96].
Receptors for herpesviruses are present on fetal cells. These
receptors are the complement receptor CD21 for EBV [76],
the cystine transporter CD98 for KSHV [47, 85, 98],
integrins for HCMV [49, 53, 86, 88–90] which are also coreceptors for AAV [16, 188], ganglioside GD1a for
polyomavirus [64], CD46 for HHV6 [70], globoside receptor
(erythrocyte P antigen) and Ku80 co-receptor for HPV-B19
[87, 91, 133, 134, 167, 211, 213] heparan sulfate proteoglycan for AAV and Papillomaviruses [187, 221], laminins for
Papillomaviruses and Alphaviruses [84, 183, 186].
Herpesviruses penetrate the target cells by membrane
fusion. The genetic basis for the fusion of the cell membrane
and the viral envelopes is carried on the gene of glycoprotein
gB. This part of the viral gB glycoprotein was shown to be
related to the disintegrin metalloproteases [53, 93, 200].
Herpesviruses, however, were shown to possess the
property to cause “fusion from without” of the cellular
membranes. This property of the virus means that the
membrane fusion can occur without expression of viral
genes and multiplication of the viruses [89, 93, 122, 131,
153, 171, 182, 202, 226] is not required. The penetration of
parvoviruses is facilitated by the phospholipase A activity
of the virus and conformational changes of the capsid
proteins [87, 167]. Thus the penetration of the syncytiotrophoblast by herpesviruses is a plausible phenomenon as
shown by many ex vivo experiments [8, 198].
The infected cytotrophoblasts, however, downregulate
adhesion and immune molecules required for invasive-
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ness and maternal immune tolerance. Expression of
metalloproteinase-9 was shown to be reduced and degradation of the extracellular matrix was impaired [190].
Cell surface proteins (i.e. E-cadherin, VE-cadherin, HLA-G,
and HCMV receptors, epidermal growth factor receptor,
integrins beta1, 6, alphaV-beta3 and alpha9) were expressed
following infection of purified cells. HCMV replication in late
gestation placentas with considerable reserves could deplete
cytotrophoblast progenitors, thereby impairing syncytiotrophoblast development and increasing the risk of virus
transmission to fetal blood vessels [190]. The infection of
human microvascular endothelial cells requires the sustained
expression of NF-kappa-B in order to support gene
expression of Kaposi’s sarcoma herpesvirus [172]. In
contrast to the consequences of HCMV infection, stromal
cell-derived factor-1 (SDF-1) may prolong trophoblast cell
survival [82].

The Maternal-fetal Barrier and Immunomodulation
of the Mother
Transplacental transmission of fetal cells into the maternal
circulation is a well known phenomenon, which has been
reviewed recently [17, 92]. The molecular barrier between
the fetal and maternal tissues was shown to be the HLA-G
antigen, which possesses 7 exons and it is preventing the
activation of the maternal cellular immune response by fetal
antigens. The expression of HLA-G on fetal cells transferred into the maternal circulation is one of the factors
enabling survival of them for years without the activation of
maternal immunity [79, 178].
The non-classical HLA-G, however, may be expressed
on different other cell types, too [142]. Cytomegalovirus
could induce the degradation of cellular HLA-G1, but the
soluble form of the antigen was unimpaired by HCMV
infection [15]. The US3 and US6 gene products were
responsible for the downregulation of MHC class I genes of
the trophoblasts [83]. HCMV was coding for a viral HLA
class I homologue (UL18), which inactivated the Ig-like
inhibitory receptor of the cells (CD85j), thus protecting
infected cells against NK cell attack [28], in contrast to the
induction of HLA-G expression caused by HCMV in
Guillain-Barré syndrome [148].
HIV-1 was also able to downregulate the non-classical
MHC class I molecule HLA-G1 [42, 156]. HLA-G antigens
were also induced under certain conditions in B lymphocytes immortalised by Epstein-Barr virus [61]. Neurotropic
viral infections modulate HLA-G expression preventing the
effective immune defense mechanisms of the patient [100,
124]. Soluble HLA-G was found to support renal graft
acceptance in transplant recipients [160]. In contrast to
these HLA-G expression on the surface of cells of chronic
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lymphatic leukemia was shown to be associated with
unfavourable outcome [141]. Thus, HLA-G is responsible
for immunomodulaton of a series of compromising maternal immune functions including those directed to virusinfected or virus-carrier cells.
Cellular infection with herpes simplex virus (HSV) and
human cytomegalovirus (HCMV) were each associated
with the downregulation of surface expression of HLA-A
and HLA-B. The effects of HSV and HCMV infection on
HLA-G and HLA-C in the trophoblast have revealed
similarities and surprising differences between trophoblasts
and classical MHC class I products [176–178].
HLA-G was selectively presenting different epitopes.
Epstein-Barr virus-induced gene 3 (EBI3) encodes a soluble
hematopoietin receptor related to the p40 subunit of
interleukin-12. EBI3 was shown to be expressed at high
levels in full-term placenta. EBI3 levels were strongly upregulated in sera from pregnant women and gradually
increased with gestational age. It is an important immunomodulator in the fetal-maternal relationship, possibly
involved in NK cell regulation [44, 168].

Transfer of Whole Maternal Cells into Fetal Tissues
It has been discovered recently that the maternal-fetal
barrier can be passed by maternal cells including lymphocytes in spite of the hermetic separation by syncytiotrophoblast layer and HLA-G protection [65, 91, 155]. Pathologic
conditions may facilitate or induce the transfer of maternal
cells [75, 125]. This phenomenon may represent an
alternative way for lymphotropic viruses to pass the
maternal-fetal barrier, since one of each million maternal
lymphocytes harbours latent herpesviruses. The transfer of
such cells might result in the reactivation of herpesviruses
in the fetal tissues. Under certain immunosuppressive
conditions the heterogeneity of maternal B lymphocyte
population has been shown to be impaired [37]. It is
hypothesised that under such conditions the frequency of
transferred maternal B-lymphocytes harbouring latent beta
or gamma herpesviruses might be elevated, as suggested by
a series of publications in connection with the transplacental transfer of hepatitis B virus [20, 212]. The transport of
human parvoviruses seems to be also very probable by
maternal cells [139].

Apical to Basolateral Transcytosis in Syncytiotrophoblast
and Basolateral to Apical Transcytosis of IgG in Fetal
Capillary Endothelium
It is usually not discussed in general reviews, that maternalfetal transcytosis requires two different polarities of trans-
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cytosis. The transport across the syncytiotrophoblast is
similar to the apical to basolateral transport of the
molecules observed in the tubuli of the kidney [224], when
the recycling of albumin or recycling of transferrin and
other substances occur in the gut [109, 158]. Albumin
recycling in the placenta was found to be also a clathrinmediated process [103]. Dynamin was shown to participate
in the endocytosis of riboflavin in placental trophoblasts
[58]. It is, however, not required for the endocytosis and
transcytosis of HIV-1 [205] in spite of the fact, that it is
required for the uptake of papillomaviruses by keratinocytes [174] and it was found to participate in the NEFmediated enhancement of HIV-1 infectivity [157].
The transcytosis in the fetal capillary endothelial cells,
however, is a basolateral to apical transcytosis resembling
those of IgA in enteric cells or enzymes in the thyroid cells
or liver cells [73, 116, 201].
Active transcytosis of maternal IgG subclasses 1 and 3
occurs through the fetal barrier into the fetal circulation
throughout pregnancy [23, 57, 181]. Both Fc gamma
receptor I and a distinct Fc gamma RIIIb receptor are
expressed on the surface of syncytiotrophoblasts [114]. In
term villi the receptor is concentrated in the apex of the
syncytiotrophoblast, suggesting a possible role in the
maternal-fetal transmission of passive immunity [23]. All
3 subtypes of Fc-receptors are expressed by the fetal
Hofbauer cells [23].
Fc gamma RIII, however is also expressed (CD16) on
the surface of invasive trophoblasts carrying CXCL12
chemokine receptors attracting natural killer cells to the
maternal-fetal barrier [72, 217, 220]. These chemokine
receptors take part also in the maternal-fetal immune
tolerance and vascular remodelling [220]. In addition to
these functions they can support the replication of multiple
types of human papillomaviruses [221].
The second layer, the villus endothelium, was until
recently thought to allow IgG movement nonspecifically by
constitutive transcytosis in caveolae. Recently it has been
shown, however, that the villus endothelium expressed a
separate FcR for IgG, the inhibitory motif-bearing Fc
gammaRIIb2 seen most notably on macrophages and on a
minor fraction of B cells.
Fc gammaRIIb2 is expressed in an unidentifiable novel
organelle of the villus endothelium, unassociated with
caveolae. About half of these Fc gammaRIIb2 organelles
contain IgG; the remainder lack IgG. These findings are
compatible with Fc gammaRIIb-mediated transfer of IgG
across the villus endothelium, independent of caveolae
[128, 192].
This difference of ligand-induced receptor-mediated
transcytosis is probably due to the different polarities of
transcytoses. The simplified model of the maternal-fetal
transports are summarised in Fig. 1.
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MATERNAL BLOOD (INTERVILLOUS SPACE)
INACTIVE MATERNAL CELLS

SOLUBLE HLA-G

IgG
HLA-G
TRANSPORTERS

FETAL CAPILLARY ENDOTHEL

SYNCYTIOTROPHOBLAST

Caveolae
MATERNAL LYMPHOCYTE

Fc-RS
CYTOTROPHOBLAST

WITH
MATERNAL

Nuclei

IgG and
IMMUNE
COMPLEXES or
anti-

CXCR4

VILLUS CORE MACROPHAGES

IDIOTYPES

Clathrin coated pits
Fc-gamma RIIb RECEPTORS on
CAPILLARY ENDOTHELIAL CELLS

DIRECTION OF TRANSPORT

Fig. 1 Receptors and transporters on the microvilli of the fetal
placenta. The maternal blood is separated from the fetal tissues by the
syncytiotrophoblast. The transport through the syncytiotrophoblast
occurs in the apical-basal direction. The outer surface of the
syncytiotrophoblast is covered by HLA-G, which is responsible for
the silencing of maternal cytotoxic cells [43]. Fc-receptors are also
present on the outer surface of the syncytiotrophoblast collecting
maternal IgG for transcytosis into the fetal part of the barrier. Virusantibody complexes and anti-idiotypes might be transported by the
transporter vesicles, too. Villus core macrophages take the transporter
vesicles to the fetal capillary endothel cells, where the Fc-gamma-RIIb

receptors take over the IgG and transporter vesicles independent of
caveolae forward the maternal IgG and its complexes into the fetal
blood. The transport through the fetal capillary cells is a basal-apical
transport. Caveolae were shown not to be involved in the IgG
transportation. CXCR4 coreceptors are also present on the maternal
surface of the syncytiotrophoblast preventing its apoptosis regulated
by the ligand CXCL12 (Stromal cell derived factor-1= SCD1)
contributing to the maternal immunotolerance to fetal tissues. Clathrin
coated pits of syncytiotrophoblasts are responsible for the albumin
recycling into the fetal circulation. Maternal lymphocytes are passing
syncytiotrophoblasts by a yet unknown mechanism

Antibody Facilitated or Inhibited Uptake
and Transcytosis of Viruses

somal compartment. Differentiation of the cytotrophoblasts
to syncytiotrophoblasts resulted in a 25% reduction in viral
transcytosis, suggesting that placental maturity may protect
the fetus. Virus translocation was also reduced in the
presence of HBV-specific immunoglobulin [20]. HHV6 and
HHV7 were found also in the amniotic fluid of seropositive
mothers [222], but the role of antibodies has not been
examined yet.
Biopsy specimens often contain HCMV virion-specific
glycoprotein B and DNA in syncytiotrophoblasts and in
core macrophages of the villi without productive infection.
Focal replication was shown to occur in placentas of
women with low to moderate neutralizing antibody titres
[115].

Antibody dependent enhancement of virus infection was
shown in the case of HCMV [114] and HPV-B19 [40, 134].
Under certain conditions an IgG-HCMV complex will be
transcytosed by the neonatal Fc receptors across syncytiotrophoblasts, infecting underlying cytotrophoblasts in chorionic villi. The infection may occur when the maternal IgG
has a low neutralizing titer. In placental villi, syncytiotrophoblasts express the virus receptors, but lack integrin coreceptors and the virion uptake occurs without replication.
Transcytosed virions will reach cytotrophoblasts that
selectively initiate expression of alphaV integrin [114, 115].
In case the concentration of maternal neutralising antibodies is high, these will prevent antibody facilitated virus
uptake [114]. In spite of the previous observations, HCMV
could be detected in the placenta, amniotic fluid and fetuses
of seropositive mothers [222, 230].
Free HBV was shown to be transcytosed across
trophoblastic cells at a rate of 5% within 30 min. Viral
transport occurred in microtubule-dependent endosomal
vesicles. Additionally, confocal microscopy showed that
the internalized virus traverses a monensin-sensitive endo-

Possible Transcytosis of Virus-specific anti-idiotype
Antibodies
The possibility, that rheumatoid factors may contain antiidiotype antibodies carrying an “internal image” of different
herpesviruses, has been suggested many years ago [119].
The possible role of anti-idiotypic antibodies transported
into the fetal circulation and carrying images of viral
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surface antigens had been proposed, too [144]. Recently the
influenza vaccination of pregnant women has been recommended in the United States in the second trimester of
pregnancy. The vaccines used were split- or subunitvaccines. One group has tested the influenza specific
immune response detectable in the umbilical blood upon
birth. Surprisingly, IgM-type antibodies specific to the
influenza viral subunits could be detected in a large
proportion of the newborns [162]. These findings might
be considered to be indirect evidence that anti-idiotype
antibodies were transported into the fetal circulation and
induced the formation of influenza subunit-specific fetal
IgM [162]. It is very unlikely, but it cannot be excluded that
viral glycoproteins might be transcytosed in the form of
immunocomplexes into the fetal circulation by the above
mentioned mechanism, too.
The presence of anti-idiotypes causing immunomodulation has been suggested previously in human
intravenous gamma globulin preparations [163]. Therefore,
the question will remain open against which epitopes the
fetal immune system produced the virus-specific IgM
molecules.

Antibody Independent Transcytosis of Viruses
into Normal or Tissue Culture Cells
In normal tissue culture cells polyomavirus JCV enters cells
by clathrin-dependent endocytosis and it is transported
immediately to early endosomes. It is then sorted to a
caveolin-1-positive endosomal compartment. This latter step
is dependent on Rab5-GTPase, cholesterol, caveolin-1, and
pH. JCV enters cells by clathrin-dependent endocytosis and
is then sorted from early endosomes to caveosomes [31, 159,
179]. The clathrin polymerisation was shown not to be
required always for endocytosis in rat cells [36]. Adeno–
associated viruses are taken up by clathrin coated pits, but
these viruses are released from the endosomes and
accumulated in the perinuclear region as free particles
[16] in tissue culture cells. Mouse polyomaviruses enter
Rab 11 endosomes using the transferrin cargo [108]. The
integrity of the lipid rafts, however, is required for the
efficient multiplication and even in vitro transformation of
certain viruses (EBV) [107]. SV40 polyomavirus bypasses
the Golgi complex using a caveolae–mediated pathway
[140].
Intracellular trafficking of HIV-1 was shown to depend
on the interaction of dynamin-2 and NEF. Thus, the
transcytosis is dependent on clathrin-coated pits completed
by the dynamin-2 NEF complex [157]. Caveolin-1 and
dynamin-2 are required for the entry pathway of human
papillomavirus type 31 into keratinocytes [184] probably
requiring phosphorylation as described recently [189].
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Transcytosis of Viruses within Fetal Tissue Cultures
Trophoblasts also contain caveolin-1, but its level is
reduced greatly during their differentiation into syncytiotrophoblast [110]. This is probably the reason why a group
was unable to detect caveolae in syncytiotrophoblasts [111].
Caveolin-1 was shown to be also a regulator of apoptosis.
Trophoblast syncytialisation involves the apoptotic cascade.
Cytotrophoblast caveolin-1 may also play a role in
regulating fusion events involved in syncytium formation.
The differentiation of cytotrophoblast cells may increase
the efficiency of the artificial transduction of infection by
an AAV vector construct, but the uptake of herpes simplex
virus construct was shown to be inhibited [150]. Lipid raft
fractions contain the raft-associated proteins caveolin 1 and
2, flotillin 1 and 2, stomatin and the heterotrimeric G
protein, “Galphaq”. Caveolin-1 was shown to be internalized to the mitochondria, but not to the Golgi or
endoplasmic reticulum. It was relocated to the plasma
membrane upon confluence. Apical microvillous membranes of the syncytiotrophoblast cells revealed a high
degree of similarity to lipid rafts [149]. The authors
identified 57 proteins from microvillous membranes isolated from human syncytiotrophoblast cells and a considerable
part of them was shown to take part in viral transcytosis in
other systems.
Lipid rafts are detergent-insoluble. These are composed
of low-density membrane domains that are rich in cholesterol and sphingolipids. Caveolae were found to be the
subdomain of the biochemically defined glycolipid raft and
its expression was associated with the protein caveolin-1.
This protein associates with numerous signaling molecules,
regulating their activity by holding them inactive. Rock-1 is
a protein, which promotes cytoskeletal re-organisation
important for syncytialisation and apoptosis, too. It was
shown to be associated with caveolin-1. A proportion of the
total cellular Rock-1 content was found in lipid raft
fractions, confirming its presence in the membrane of
confluent BeWu (trophoblast culture) cells. This close
association of plasmalemmal caveolin-1 with Rock-1
protein raises the possibility that caveolin-1 may regulate
Rock-1 within the trophoblasts [161].
The initial presence of HIV-1 within the endosomes is
mandatory for infection to take place. This process is
independent of the viral envelope proteins gp120 and gp41.
The Rab family of small GTPases coordinates the vesicular
transport between the different endocytic organelles [203,
227]. Distinct Rab proteins have been identified and each is
specifically associated with a particular organelle or pathway.
For instance, Rab5 is needed for early endosomes, Rab7 for
transport from early to late endosomes, and from late
endosomes to lysosomes, whereas recycling endosomes are
enriched in Rab11 [108, 227]. Caveolae are stable vesicles,
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which are activated by SV40 [191] transporting the virus to
the nuclear membrane. The internalization pathway leading
to HIV-1 infection of trophoblasts is independent of clathrincoated pits and caveolae but it was found to be sensitive to
raft-perturbing drugs [203, 205].
Early events associated with HIV-1 infection in polarized
human trophoblasts involved an active participation of the
endocytic machinery during the internalization of HIV-1 by
endocytosis, which resulted in the presence of viral material
within the endosomes. This was shown to be an obligatory
step for the HIV-1 uptake by human trophoblasts [203–205].
HIV-1 does not initially co-localise with transferrin, some
virions migrate at later time points to transferrin-enriched
endosomes, suggesting an unusual transit from the nonclassical pathway to early endosomes. Finally, virus internalization in these cells does not involve the participation of
microtubules but relies partly on actin filaments [203–205].
One may conclude on the basis of the above findings,
that the uptake and transcytosis of viruses examined up to
now is very different from the mechanisms detected in
differentiated human cells [117]. Lipid rafts seem to possess
a crucial role in the transcytosis of viruses in fetal cells.

Possible Consequences of the Prolonged Interaction
of Viral Antigens with the Developing Fetal Cells
and Immune System
The differentiation of the human fetal immune system is a
process lasting up to the first days after birth. The fetal
cord-blood of women vaccinated with live rubella vaccine
during pregnancy contained specific IgM upon delivery
[70] without any clinical consequences of the virus
infection. Antibody production begins usually in the 22nd
week of the fetal life. The pregnant women who were
administered with influenza vaccine during the second half
of the pregnancy also possessed influenza-specific IgM in
their cord-blood [68, 162]. What might be the mechanism
of the fetal immunisation? The vaccines did not contain
whole virus particles. The products used for immunisation
were split- or subunit-vaccines.
The production of DNA-specific cord blood antibodies
could be detected as early as in 1995 [210]. The normal
human cord blood also contained (anti-idiotype) IgM
recognising the F(ab’)2 portion of IgG inhibiting its binding
to dsDNA. It was concluded that the human cord blood
may contain cells that form an idiotype/anti-idiotype
network [123, 144]. The idiotype is expressed on IgG and
the anti-idiotype is an IgM antibody that interferes with its
interaction with dsDNA [210]. Autoantibodies were shown
to be produced by normal fetal B lymphocytes [123] and
some of them might be associated with later autoimmune
diseases.
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The reviewed findings indicate that certain viral antigens
introduced into the fetal organism are not accepted as self.
There are mechanisms, which allow specific but delayed
immune response directed against different proteins of
viruses. It has been suggested that interaction between
CXCR4 and CXCL12 are involved in maternal-fetal
immunological tolerance in all three trimesters of gestation
and contribute to the invasion of extra villous trophoblasts
during pregnancy [54, 217]. These extravillous trophoblasts, however, may carry maternal viruses accidentally
[19, 44, 56, 95, 96, 101, 211, 221]. The interferon alpha
insensitivity of these cells may facilitate viral transport [32].
It has been suggested that the infection of cells with human
herpesviruses might induce the expression of human endogenous retroviruses (HERVs) [24, 30, 76, 99, 106, 135, 170].
The vast majority of human endogenous retroviruses are not
expressed during pregnancy. The transfer or reactivation of
different herpesviruses in later stages of the pregnancy might
initiate expression of gene products of human endogenous
retroviruses, probably interacting with the fetal immune
system. It has been discovered recently, that syncytin
inducing the formation of syncytiotrophoblasts is a gene
product of the HERV-W Env gene [126].
In the case of the perinatal infection of the newborns by
symptomless hepatitis B-carrier mothers, neither the mothers nor 45 % of the babies were shown to be able to
produce antibodies against the hepatitis B surface antigens.
90 % of the mothers, however, had antibodies against the
hepatitis B core antigen. In addition to this a prospective
study of four generations of families with vertically
transmitted hepatitis B virus indicated, that the virus is
spontaneously eliminated from the majority of the 3rd and
4th generations of the families [147]. The virus elimination
was dependent on the “non-immune non-cytocydal” virus
elimination mechanisms even in the case of the first
generation of symptomless persistant HBV carriers after
decades from the onset of carrier state [147].
The African Burkitt’s lymphoma has been studied by deThé and colleagues in another major prospective study in
the seventies in Uganda [41, 42, 62]. Blood samples were
collected from 42,000 children who were tested for EBV
between 6 months and 2 years of age. After 7 years follow
up Burkitt’s lymphoma developed in 16 children. Surprisingly all 16 children with the tumour already had EBVspecific antibodies against Epstein-Barr virus at 6 months
of age. The authors concluded that an early and severe
primary EBV infection during the first months of life
represented the key event for later development of the
malignant disease. According to their hypothesis the source
of infection was probably the saliva, and breast milk of the
mothers since 65 % of all African women of reproductive
age shed infectious EBV in their saliva, compared with
12% of the women in the Western world [41, 42, 62].
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Four decades earlier the authors could not obtain
convincing information about the possibility of perinatal
and transplacental transmission of EBV. They have documented minor serological differences in EBV specific
antibodies of tumour bearing children in comparison to
those without lymphomas. In the light of the above
discussed data one cannot exclude the possibility that early
transplacental infection could have impaired the immunoreactivity of the children resulting in the development of
Burkitt’s lymphoma. The serological techniques used at that
time had not been sensitive enough to detect faint
serological differences between tumour bearing and healthy
children at the end of the study.
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The final conclusions of this synopsis are the following.
The transcytosis of the viruses is either enabled by the
antiviral IgG and the maternal fetal transport of maternal
antibodies [114], or the lipid rafts in the fetal tissues [149].
The transfer of virus carrier maternal lymphocytes may also
be the source of maternal-fetal virus transmission [17, 65,
92, 155, 175, 212]. The virus transmission by the oocyte
and spermatozoa had been proposed many years ago [10],
direct evidences, however, could only be presented regarding the chromosomal integration of the human herpesvirus
type 6 in the last decade [12, 207, 209, 228].

References
Conclusions and Perspectives
In spite of the tremendous experimental work on tumorigenesis new and new hypotheses are published in the literature
[94, 127, 136]. Alternative pathogenetic pathways had been
suggested by them for the role of Epstein-Barr virus in the
pathogenesis of autoimmune diseases, too [137].
Vertical transmission of human viruses occurs probably
more frequently than supposed previously. The acute
consequences of the transmission are probably very little
as reviewed and shown by several authors recently [34, 55,
71, 152, 222].
As far as the formation of malignancies is concerned,
two new pathogenetic hypotheses can be put forward. The
interaction of the fetal immune system with a growing
series of viruses and viral antigens might reduce the post
partum immune response of the individuals against many
different virus-coded proteins in the different stages of
tumour development from preneoplastic into neoplastic
tissues. The impairment of the B-cell populations due to
fetal depletion had been already documented [37].
The other possible, but yet unexamined effect of the
presence of viruses in fetal cells or tissues might be the
impairment of differentiation of virus carrier cells by
the micro-RNAs (miRNAs) produced or regulated by the
viral genomes [218, 229]. Viruses are also coding for
microRNAs. It has been shown, that polyomaviruses [26],
human cytomegalovirus [67], Kaposi’s sarcoma herpesvirus
[120], adenoviruses [2] and HIV-1 [146] are producing
miRNA molecules, which are able to modify the expression
of different host cell proteins. LMP-1 of Epstein-Barr virus
induces the expression of miRNA-146a [132] by the host
cell. The adenovirus coded virus-associated RNA molecules were shown to be processed to functional interfering
miRNAs involved in virus production [2]. Papillomavirus,
however, was not shown to produce miRNAs, but its
presence can reduce the expression of miRNA-218 of the
malignant host cells [118].

1. Aikhionbare FO, Kumaresan K, Shamsa F, Bond VC (2006)
HLA-G DNA sequence variants and risk of perinatal HIV-1
transmission. AIDS Res Ther 23:28–36
2. Aparicio O, Razquin N, Zaratiegui M et al (2006) Adenovirus
virus-associated RNA is processed to functional interfering
RNAs involved in virus production. J Virol 80:1376–1384
3. Armbruster-Moraes E, Ishimoto LM, Leao E, Zugaib M (1992)
Detection of human papillomavirus deoxyribonucleic acid
sequences in amniotic fluid during different periods of pregnancy. Am J Obstet Gynecol 166:35–40
4. Armbruster-Moraes E, Ishimoto LM, Leao E, Zugaib M (1994)
Presence of human papillomavirus DNA in amniotic fluids of
pregnant women with cervical lesions. Gynecol Oncol 54:152–
158
5. Ashshi AM, Cooper RJ, Klapper PE et al (2000) Detection of
human herpes virus 6 DNA in fetal hydrops. Lancet 355:1519–
1520
6. Avgil M, Ornoy A (2006) Herpes simplex virus and Epstein-Barr
virus infections in pregnancy: consequences of neonatal or
intrauterine infection. Reprod Toxicol 21:436–445
7. Aynaud O, Poveda JD, Huynh B et al (2002) Frequency of
herpes simplex virus, cytomegalovirus and human papillomavirus DNA in semen. Int J STD AIDS 13:547–550
8. Bacsi A, Aranyosi J, Beck Z et al (1999) Placental macrophage
contact potentiates the complete replicative cycle of human
cytomegalovirus in syncytiotrophoblast cells: role of interleukin8 and transforming growth factor-beta1. J Interferon Cytokine
Res 19:1153–1160
9. Bacsi A, Csoma E, Beck Z et al (2001) Induction of HIV-1
replication in latently infected syncytiotrophoblast cells by contact
with placental macrophages: role of interleukin-6 and tumor
necrosis factor-alpha. J Interferon Cytokine Res 21:1079–1088
10. Bagasra O, Patel D, Bobroski L et al (1971) Uptake of
heterologous genome by mammalian spermatozoa and its
transfer to ova through fertilization. Proc Natl Acad Sci USA
68:353–357
11. Bagasra O, Patel D, Bobroski L et al (2005) Localization of
human herpesvirus type 8 in human sperms by in situ PCR. J
Mol Histol 36:401–412
12. Baillargeon J, Piper J, Leach CT (2000) Epidemiology of human
herpesvirus 6 (HHV-6) infection in pregnant and nonpregnant
women. J Clin Virol 16:149–157
13. Bandi S, Akkina R.: Human embryonic stem cell (hES) derived
dendritic cells are functionally normal and are susceptible to
HIV-1 infection. AIDS Res Ther. 23;5:1–12, 2008.
14. Bandobashi K, Daibata M, Kamioka M et al (1997) Human
herpesvirus 6 (HHV-6)-positive Burkitt's lymphoma: establish-

460

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

A.S. Younes et al.
ment of a novel cell line infected with HHV-6. Blood 90:1200–
1207
Barel MT, Ressing M, Pizzato N et al (2003) Human
cytomegalovirus-encoded US2 differentially affects surface
expression of MHC class I locus products and targets
membrane-bound, but not soluble HLA-G1 for degradation. J
Immunol 171:6757–6765
Bartlett JS, Wilcher R, Samulski RJ (2000) Infectious entry
pathway of adeno-associated virus and adeno-associated virus
vectors. J Virol 74:2777–2785
Beer AE, Kwak JY, Ruiz JE (1994) The biological basis of
passage of fetal cellular material into the maternal circulation: a
review. Ann N Y Acad Sci 731:1–35
Bezold G, Politch JA, Kiviat NB et al (2006) Evidence of shared
Epstein-Barr viral isolates between sexual partners, and low level
EBV in genital secretions. J Med Virol 78:1204–1209
Bezold G, Politch JA, Kiviat NB et al (2007) Prevalence of
sexually transmissible pathogens in semen from asymptomatic
male infertility patients with and without leukocytospermia.
Fertil Steril 87:1087–1097
Bhat P, Anderson DA (2007) Hepatitis B virus translocates
across a trophoblastic barrier. J Virol 81:7200–7207
Bhoopat L, Khunamornpong S, Sirivatanapa P et al (2005)
Chorioamnionitis is associated with placental transmission of
human immunodeficiency virus-1 genotype E in the early
gestational period. Mod Pathol 18:1357–1364
Boggess KA, Moss K, Madianos P et al (2005) Fetal immune
response to oral pathogens and risk of preterm birth. Am J Obstet
Gynecol 193:1121–1126
Bright NA, Ockleford CD, Anwar M (1994) Ontogeny and
distribution of Fc gamma receptors in the human placenta.
Transport or immune surveillance? J Anat 184:297–308
Brudek T, Christensen T, Hansen HJ et al (2004) Simultaneous
presence of endogenous retrovirus and herpes virus antigens has
profound effect on cell-mediated immune responses: implications
for multiple sclerosis. AIDS Res Hum Retroviruses 20:415–423
Burguete T, Rabreau M, Fontanges-Darriet M et al (1999)
Evidence for infection of the human embryo with adenoassociated virus in pregnancy. Hum Reprod 14:2396–2401
Cantalupo P, Doering A, Sullivan CS et al (2005) Complete
nucleotide sequence of polyomavirus SA12. J Virol 79:13094–
13104
Cason J, Rice P, Best JM (1998) Transmission of cervical cancerassociated human papilloma viruses from mother to child.
Intervirol 41:213–218
Cerboni C, Achour A, Warnmark A et al (2006) Spontaneous
mutations in the human CMV HLA class I homologue UL18
affect its binding to the inhibitory receptor LIR-1/ILT2/CD85j.
Eur J Immunol 36:732–741
Chan PK, Tam WH, Yeo W et al (2001) High carriage rate of TT
virus in the cervices of pregnant women. Clin Infect Dis
32:1376–1377
Christensen T (2005) Association of human endogenous retroviruses with multiple sclerosis and possible interactions with
herpes viruses. Rev Med Virol 15:179–211
Consigli RA, Haynes JI Jr, Chang D et al (1992) Early events of
polyoma infection: adsorption, penetration and nuclear transport.
Trans Kans Acad Sci 95:62–69
Cross JC, Lam S, Yagel S, Werb Z (1999) Defective induction of
the transcription factor interferon-stimulated gene factor-3 and
interferon alpha insensitivity in human trophoblast cells. Biol
Reprod 60:312–321
Csata S, Kulcsar G (1991) Virus-host studies in human seminal
and mouse testicular cells. Acta Chir Hung 32:83–90
Csire M, Mikala G, Pető M et al (2007) Detection of four
lymphotropic herpesviruses in Hungarian patients with multiple

35.

36.

37.

38.
39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.
53.

myeloma and lymphoma. FEMS Immunol Med Microbiol 49:62–
67
Csoma E, Bacsi A, Liu X et al (2002) Human herpesvirus 6
variant a infects human term syncytiotrophoblasts in vitro and
induces replication of human immunodeficiency virus type 1 in
dually infected cells. J Med Virol 67:67–87
Cupers P, Veithen A, Kiss A et al (1994) Clathrin polymerization
is not required for bulk-phase endocytosis in rat fetal fibroblasts.
J Cell Biol 127:725–735
Cuss AK, Avery DT, Cannons JL et al (2006) Expansion of
functionally immature transitional B cells is associated with
human-immunodeficient states characterized by impaired humoral immunity. J Immunol 176:1506–1516
Czegledy J (2001) Sexual and non-sexual transmission of human
papillomavirus. Acta Microbiol Immunol Hung 48:511–517
Daibata M, Taguchi T, Nemoto Y et al (1999) Inheritance of
chromosomally integrated human herpesvirus 6 DNA. Blood
94:1545–1549
de Haan TR, Beersma MF, Claas EC et al (2007) Parvovirus B19
infection in pregnancy studied by maternal viral load and
immune responses. Fetal Diagn Ther 22:55–62
de-The G, Geser A, Day NE et al (1978) Epidemiological evidence
for causal relationship between Epstein-Barr virus and Burkitt's
lymphoma from Ugandan prospective study. Nature 274:756–761
De-The G (1979) The epidemiology of Burkitt's lymphoma:
evidence for a causal association with Epstein-Barr virus.
Epidemiol Rev 1:32–54
Derrien M, Pizzato N, Dolcini G et al (2004) Human
immunodeficiency virus 1 downregulates cell surface expression
of the non-classical major histocompatibility class I molecule
HLA-G1. J Gen Virol 85:1945–1954
Devergne O, Coulomb-L'Hermine A, Capel F et al (2001)
Expression of Epstein-Barr virus-induced gene 3, an interleukin12 p40-related molecule, throughout human pregnancy: involvement of syncytiotrophoblasts and extravillous trophoblasts. Am J
Pathol 159:1763–1776
Distefano AL, Alonso A, Martin F, Pardon F (2004) Human
cytomegalovirus: detection of congenital and perinatal infection
in Argentina. BMC Pediatr 4:11–18
Drobni P, Naslund J, Evander M (2004) Lactoferrin inhibits
human papillomavirus binding and uptake in vitro. Antiviral Res
64:63–68
Dye JF, Vause S, Johnston T et al (2004) Characterization of
cationic amino acid transporters and expression of endothelial
nitric oxide synthase in human placental microvascular endothelial cells. FASEB J 18:125–127
El Borai N, LeFevre C, Inoue M et al (1998) Presence of HSV-1
DNA in semen and menstrual blood. J Reprod Immunol 41:137–
147
Elustondo PA, Hannigan GE, Caniggia I, MacPhee DJ (2006)
Integrin-linked kinase (ILK) is highly expressed in first trimester
human chorionic villi and regulates migration of a human
cytotrophoblast-derived cell line. Biol Reprod 74:959–968
Enbom M, Strand A, Falk KI, Linde A (2001) Detection of
Epstein-Barr virus, but not human herpesvirus 8, DNA in
cervical secretions from Swedish women by real-time polymerase chain reaction. Sex Transm Dis 28:300–306
Ewers H, Smith AE, Sbalzarini IF et al (2005) Single-particle
tracking of murine polyoma virus-like particles on live cells and
artificial membranes. Proc Natl Acad Sci USA 102:15110–15115
Fahim MS, Brawner TA (1980) Treatment of genital herpes
simplex virus in male patients. Arch Androl 4:79–85
Feire AL, Koss H, Compton T (2004) Cellular integrins function
as entry receptors for human cytomegalovirus via highly
conserved disintegrin-like domain. Proc Natl Acad Sci US
101:15470–15475

Maternal-fetal pathways of viruses
54. Ferry H, Crockford TL, Leung JC, Cornall RJ (2006) Signals
from a self-antigen induce positive selection in early B cell
ontogeny but are tolerogenic in adults. J Immunol 176:7402–7411
55. Fine PE, Adelstein AM, Snowman J et al (1985) Long term
effects of exposure to viral infections in utero. Br Med J (Clin
Res Ed) 290:509–511
56. Fisher S, Genbacev O, Maidji E (2000) Pereira, L: human
cytomegalovirus infection of placental cyncytiotrophoblasts in
vitro and in utero: implications for transmission and pathogenesis. J Virol 74:6808–6820
57. Fjaertoft G, Hakansson L, Foucard T et al (2000) CD64
(Fcgamma receptor I) cell surface expression on maturing
neutrophils from preterm and term newborn infants. Acta
Paediatr 94:295–302
58. Foraker AB, Ray A, Da Silva TC et al (2007) Dynamin 2
regulates riboflavin endocytosis in human placental trophoblasts.
Mol Pharmacol 72:553–562
59. Forster-Waldl E, Sadeghi K, Tamandl D et al (2005) Monocyte
toll-like receptor 4 expression and LPS-induced cytokine
production increase during gestational aging. Pediatr Res
58:121–124
60. Fule T, Mathe M, Suba Z et al (2006) The presence of human
papillomavirus 16 in neural structures and vascular endothelial
cells. Virology 348:289–296
61. Gazit E, Sherf M, Balbin E et al (2007) HLA-G expression is
induced in Epstein-Barr virus-transformed B-cell lines by culture
conditions. Hum Immunol 68:463–468
62. Geser A, de The G, Lenoir G et al (1982) Final case reporting
from the Ugandan prospective study of the relationship between
EBV and Burkitt's lymphoma. Int J Cancer 29:397–400
63. Gibson CS, MacLennan AH, Goldwater PN et al (2006) South
Australian cerebral palsy research group: neurotropic viruses and
cerebral palsy: population based case-control study. BMJ 332:76–
80
64. Gilbert J, Benjamin T (2004) Uptake pathway of polyomavirus
via ganglioside GD1a. J Virol 78:12259–12267
65. Gotherstrom C, Johnsson AM, Mattsson J et al (2005)
Identification of maternal hematopoietic cells in a 2nd-trimester
fetus. Fetal Diagn Ther 20:355–358
66. Gouarin S, Gault E, Vabret A et al (2002) Real-time PCR
quantification of human cytomegalovirus DNA in amniotic fluid
samples of mothers with primary infection. J Clin Microbiol
40:1767–1772
67. Grey F, Meyers H, White EA (2007) A human cytomegalovirusencoded microRNA regulates expression of multiple viral genes
involved in replication. PLoS Pathog 3:e163
68. Gu J, Xie Z, Gao Z et al (2007) H5N1 infection of the respiratory
tract and beyond: a molecular pathology study. Lancet 370:1137–
1145
69. Gupta P, Singh MK, Rinaldo C et al (1996) Detection of
Kaposi's sarcoma herpesvirus DNA in semen of homosexual
men with Kaposi's sarcoma. AIDS 10:1596–1598
70. Hall CB, Caserta MT, Schnabel KC et al (2004) Congenital
infections with human herpesvirus 6 (HHV6) and human
herpesvirus 7 (HHV7). J Pediatr 145:432–435
71. Hamkar R, Jalilvand S, Abdolbaghi MH et al (2006) Inadvertent
rubella vaccination of pregnant women: evaluation of possible
transplacental infection with rubella vaccine. Vaccine 24:3558–
3563
72. Hanna J, Wald O, Goldman-Wohl D et al (2003) CXCL12
expression by invasive trophoblasts induces the specific migration of CD16- human natural killer cells. Blood 102:569–577
73. Hansen GH, Niels-Christiansen LL, Immerdal L et al (1999)
Transcytosis of immunoglobulin A in the mouse enterocyte
occurs through glycolipid raft- and rab17-containing compartments. Gastroenterology 116:610–622

461
74. Hiroshi C, Ito K, Niikura H (2006) Clinical manifestations and
outcomes of parvovirus B19 infection during pregnancy in
Japan. Tohoku J Exp Med 209:277–283
75. Howard MR, Whitby D, Bahadur G et al (1997) Detection of
human herpesvirus 8 DNA in semen from HIV-infected
individuals but not healthy semen donors. AIDS 11:F15–F19
76. Hsiao FC, Lin M, Tai A et al (2006) Cutting edge: Epstein-Barr
virus transactivates the HERV-K18 superantigen by docking to
the human complement receptor 2 (CD21) on primary B cells. J
Immunol 177:2056–2060
77. Hsu CS, Chou SY, Liang SJ et al (2005) Effect of glutamine on
cell adhesion molecule expression and leukocyte transmigration
in endothelial cells stimulated by preeclamptic plasma. Nutrition
21:1134–1140
78. Huang YQ, Li JJ, Poiesz BJ et al (1997) Detection of the
herpesvirus-like DNA sequences in matched specimens of semen
and blood from patients with AIDS-related Kaposi's sarcoma by
polymerase chain reaction in situ hybridization. Am J Pathol
150:147–153
79. Hunt JS, Petroff MG, McIntire RH, Ober C (2005) HLA-G and
immune tolerance in pregnancy. The FASEB J 19:681–693
80. Ismail NA, Kampan N, Mahdy ZA et al (2006) Dengue in
pregnancy. Southeast Asian J Trop Med Public Health 37:681–683
81. Jakobovits A (2006) [Intrauterine infections] review in Hungarian. Orv Hetil. 147:1723–1730
82. Jaleel MA, Tsai AC, Sarkar S et al (2004) Stromal cell-derived
factor-1 (SDF-1) signalling regulates human placental trophoblast cell survival. Mol Hum Reprod 10:901–909
83. Jun Y, Kim E, Jin M et al (2000) Human cytomegalovirus gene
products US3 and US6 down-regulate trophoblast class I MHC
molecules. J Immunol 164:805–811
84. Kail M, Hollinshead M, Ansorge W et al (1991) The cytoplasmic
domain of alphavirus E2 glycoprotein contains a short linear
recognition signal required for viral budding. EMBO J 10:2343–
2351
85. Kaleeba JA, Berger EA (2006) Kaposi's sarcoma-associated
herpesvirus fusion-entry receptor: cystine transporter xCT. Science
311:1921–1924
86. Kapranos N, Petrakou E, Anastasiadou C, Kotronias D (2003)
Detection of herpes simplex virus, cytomegalovirus, and EpsteinBarr virus in the semen of men attending an infertility clinic.
Fertil Steril 3:1566–1570 79 Suppl
87. Kaufmann B, Simpson AA, Rossmann MG (2004) The structure
of human parvovirus B19. Proc Natl Acad Sci USA 101:11628–
11633
88. Keay S, Merigan TC, Rasmussen L (1989) Identification of cell
surface receptors for the 86-kilodalton glycoprotein of human
cytomegalovirus. Proc Natl Acad Sci USA 86:10100–10103
89. Keay S, Baldwin B (1991) Anti-idiotype antibodies that mimic
gp86 of human cytomegalovirus inhibit viral fusion but not
attachment. J Virol 65:5124–5128
90. Keay S, Baldwin B (1992) The human fibroblast receptor for
gp86 of human cytomegalovirus is a phosphorylated glycoprotein. J Virol 66:4834–4838
91. Kerr JR (2005) Pathogenesis of parvovirus B19 infection: host
gene variability, and possible means and effects of virus persistence. J Vet Med B Infect Dis Vet Public Health 52:335–339
92. Khosrotehrani K, Johnson KL, Cha DH et al (2004) Transfer of
fetal cells with multilineage potential to maternal tissue. JAMA
292:75–80
93. Kinzler ER, Compton T (2005) Characterization of human
cytomegalovirus glycoprotein-induced cell-cell fusion. J Virol
79:7827–7837
94. Klein E, Kis LL, Takahara M (2006) Pathogenesis of EpsteinBarr virus (EBV)-carrying lymphomas. Acta Microbiol Immunol
Acad Sci Hung 53:441–457

462
95. Koizumi N, Mizuguchi H, Kondoh M et al (2004) Efficient gene
transfer into human trophoblast cells with adenovirus vector
containing chimeric type 5 and 35 fiber protein. Biol Pharm Bull
27:2046–2048
96. Koizumi N, Mizuguchi H, Kondoh M et al (2006) Efficient gene
transfer into differentiated human trophoblast cells with adenovirus vector containing RGD motif in the fiber protein. Biol
Pharm Bull 29:1297–1299
97. Kotronias D, Kapranos N (1998) Detection of herpes simplex
virus DNA in human spermatozoa by in situ hybridization
technique. In Vivo 12:391–394
98. Kudo Y, Boyd C (2004) RNA interference-induced reduction in
CD98 expression suppresses cell fusion during syncytialization
of human placental BeWo cells. FEBS Lett 577:473–477
99. Kwun HJ, Han HJ, Lee WJ et al (2002) Transactivation of the human
endogenous retrovirus K long terminal repeat by herpes simplex
virus type 1 immediate early protein 0. Virus Res 86:93–100
100. Lafon M, Prehaud C, Megret F et al (2005) Modulation of HLAG expression in human neural cells after neurotropic viral
infections. J Virol 79:15226–15237
101. Lagaye S, Derrien M, Menu E et al (2001) European Network for
the Study of In Utero Transmission of HIV-1. Cell-to-cell contact
results in a selective translocation of maternal human immunodeficiency virus type 1 quasispecies across a trophoblastic barrier by
both transcytosis and infection. J Virol 75:4780–4791
102. Lajoie J, Hargrove J, Zijenah LS et al (2006) Genetic variants in
nonclassical major histocompatibility complex class I human
leukocyte antigen (HLA)-E and HLA-G molecules are associated
with susceptibility to heterosexual acquisition of HIV-1. J Infect
Dis 193:298–301
103. Lambot N, Lybaert P, Boom A et al (2006) Evidence for a
clathrin-mediated recycling of albumin in human term placenta.
Biol Reprod 75:90–97
104. Lampinen TM, Kulasingam S, Min J et al (2000) Detection of
Kaposi's sarcoma-associated herpesvirus in oral and genital
secretions of Zimbabwean women. J Infect Dis 181:1785–1790
105. Lee HK, Lee HH, Park YM et al (1991) Regulation of human B
cell proliferation and differentiation by seminal plasma. Clin Exp
Immunol 85:174–179
106. Lee WJ, Kwun HJ, Kim HS, Jang KL (2003) Activation of the
human endogenous retrovirus W long terminal repeat by herpes
simplex virus type 1 immediate early protein 1. Mol Cells 15:
75–80
107. Lee J, Sugden B (2007) A membrane leucine heptad contributes
to trafficking, signaling, and transformation by latent membrane
protein 1. J Virol 81:9121–9130
108. Liebl D, Difato F, Hornikova L et al (2006) Mouse polyomavirus
enters early endosomes, requires their acidic pH for productive
infection, and meets transferrin cargo in Rab11-positive endosomes. J Virol 80:4610–4622
109. Lim CJ, Norouziyan F, Shen WC (2007) Accumulation of
transferrin in Caco-2 cells: a possible mechanism of intestinal
transferrin absorption. J Control Release 122:393–398
110. Linton EA, Rodriguez-Linares B, Rashid-Doubell F et al (2003)
Caveolae and caveolin-1 in human term villous trophoblast.
Placenta 24:45–57
111. Lyden TW, Anderson CL, Robinson JM (2002) The endothelium
but not the syncytiotrophoblast of human placenta expresses
caveolae. Placenta 23:640–652
112. Luppi M, Torelli G (1996) The new lymphotropic herpesviruses
(HHV-6, HHV-7, HHV-8) and hepatitis C virus (HCV) in human
lymphoproliferative diseases: an overview. Haematologica
81:265–281
113. Luppi M, Barozzi P, Bosco R et al (2006) Human herpesvirus 6
latency characterized by high viral load: chromosomal integration in many, but not all, cells. J Infect Dis 194:1020–1021

A.S. Younes et al.
114. Maidji E, McDonagh S, Genbacev O et al (2006) Maternal
antibodies enhance or prevent cytomegalovirus infection in the
placenta by neonatal Fc receptor-mediated transcytosis. Am J
Pathol 168:1210–1226
115. Maidji E, Genbacev O, Chang HT, Pereira L (2007) Developmental regulation of human cytomegalovirus receptors in
cytotrophoblasts correlates with distinct replication sites in the
placenta. J Virol 81:4701–4712
116. Marazuela M, Martin-Belmonte F, Garcia-Lopez MA et al (2004)
Expression and distribution of MAL2, an essential element of the
machinery for basolateral-to-apical transcytosis, in human thyroid epithelial cells. Endocrinology 145:1011–1016
117. Martinetti M, Pacati I, Cuccia M et al (2006) B: Hierarchy of babylinked immunogenetic risk factors in the vertical transmission of
hepatitis C virus. Int J Immunopathol Pharmacol 19:369–378
118. Martinez I, Gardiner AS, Board KF et al (2008) Human
papillomavirus type 16 reduces the expression of microRNA218 in cervical carcinoma cells. Oncogene 27:2575–2582
119. McCormick JN, Wojtacha D, Edmond E et al (1988) Do
polyclonal rheumatoid factors carry an ‘internal image’ of
cytomegalovirus, Epstein-Barr virus and nuclear antigens? Scand
J Rheumatol Suppl 75:109–116
120. McClure LV, Sullivan CS (2008) Kaposi's sarcoma herpes virus
taps into a host microRNA regulatory network. Cell Host
Microbe 3:1–3
121. McLean LK, Chehab FF, Goldberg JD (1995) Detection of viral
deoxyribonucleic acid in the amniotic fluid of low-risk pregnancies by polymerase chain reaction. Am J Obstet Gynecol
173:1282–1286
122. McShane MP, Longnecker R (2004) Cell-surface expression of a
mutated Epstein-Barr virus glycoprotein B allows fusion independent of other viral proteins. Proc Natl Acad Sci USA
101:17474–17479
123. Meffre E, Salmon JE (2007) Autoantibody selection and
production in early human life. J Clin Invest 117:598–601
124. Megret F, Prehaud C, Lafage M et al (2007) Modulation of
HLA-G and HLA-E expression in human neuronal cells after
rabies virus or herpes virus simplex type 1 infections. Hum
Immunol 68:294–302
125. Mellembakken JR, Aukrust P, Olafsen MK et al (2002)
Activation of leukocytes during the uteroplacental passage in
preeclampsia. Hypertension 39:155–160
126. Mi S, Lee X, Li X et al (2000) Syncytin is a captive retroviral
envelope protein involved in human placental morphogenesis.
Nature 403:785–789
127. Minarovits J, Hu LF, Imai S et al (1994) Clonality, expression
and methylation patterns of the Epstein-Barr virus genomes in
lethal midline granulomas classified as peripheral angiocentric T
cell lymphomas. J Gen Virol 75:77–84
128. Mishima T, Kurasawa G, Ishikawa G et al (2007) Endothelial
expression of Fc gamma receptor IIb in the full-term human
placenta. Placenta 28:170–174
129. Montgomery JD, Jacobson LP, Dhir R, Jenkins FJ (2005)
Localization of human herpesvirus type 8 in human sperms by
in situ PCR. J Mol Histol 36:401–412
130. Montgomery JD, Jacobson LP, Dhir R, Jenkins FJ (2006)
Detection of human herpesvirus 8 (HHV-8) in normal prostates.
Prostate 66:1302–1310
131. Mori K, Nishimura M, Tsurudome M et al (2004) The functional
interaction between CD98 and CD147 in regulation of virusinduced cell fusion and osteoclast formation. Med Microbiol
Immunol (Berl) 193:155–162
132. Motsch N, Pfuhl T, Mrazek J et al (2007) Epstein-Barr Virusencoded latent membrane protein 1 (LMP1) induces the
expression of the cellular microRNA miR-146a. RNA Biol
4:131–137

Maternal-fetal pathways of viruses
133. Munakata Y, Saito-Ito T, Kumura-Ishii K et al (2005) Ku80
autoantigen as a cellular coreceptor for human parvovirus B19
infection. Blood 106:3449–3456
134. Munakata Y, Kato I, Saito T et al (2006) Human parvovirus B19
infection of monocytic cell line U937 and antibody-dependent
enhancement. Virology 345:251–257
135. Nellaker C, Yao Y, Jones-Brando L et al (2006) Transactivation
of elements in the human endogenous retrovirus W family by
viral infection. Retrovirology 3:44–55
136. Niller HH, Wolf H, Minárovits J (2007) Epstein-Barr Virus. In:
Minarovits J, Gonczol E, Valyi-Nagy T (eds) Latency strategies
of herpesviruses. Springer Science, + Business Media, LLC,
New York, pp 154–191
137. Niller HH, Wolf H, Minarovits J (2008) Regulation and
dysregulation of Epstein-Barr virus latency: implications for
the development of autoimmune diseases. Autoimmunity (Review) 41:298–328
138. Nilsson BO, Jin M, Andersson AC et al (1999) Expression of
envelope proteins of endogeneous C-type retrovirus on the
surface of mouse and human oocytes at fertilization. Virus
Genes 18:115–120
139. Norja P, Hokynar K, Aaltonen LM et al (2006) Bioportfolio:
lifelong persistence of variant and prototypic erythrovirus DNA
genomes in human tissue. Proc Natl Acad Sci USA 103:7450–
7453
140. Norkin LC, Kuksin D (2005) The caveolae-mediated sv40 entry
pathway bypasses the golgi complex en route to the endoplasmic
reticulum. Virol J 2:38–44
141. Nuckel H, Rebmann V, Durig J et al (2005) HLA-G expression
is associated with an unfavorable outcome and immunodeficiency in chronic lymphocytic leukemia. Blood 105:1694–1698
142. Odum N, Ledbetter JA, Martin P et al (1991) Homotypic
aggregation of human cell lines by HLA class II-, class Ia- and
HLA-G-specific monoclonal antibodies. Eur J Immunol
21:2121–2131
143. Ohashi M, Yoshikawa T, Ihira M et al (2002) Reactivation of
human herpesvirus 6 and 7 in pregnant women. J Med Virol
67:354–358
144. Okamoto Y (1991) Maternal determinants of neonatal immune
response: effect of anti-idiotype in the neonate. Adv Exp Med
Biol 310:215–222
145. Otsuki K, Yoda A, Saito H et al (1999) Amniotic fluid lactoferrin
in intrauterine infection. Placenta 20:175–179
146. Ouellet DL, Plante I, Landry P et al (2008) Identification of
functional microRNAs released through asymmetrical processing
of HIV-1 TAR element. Nucleic Acids Res 36:2353–2365
147. Ördög K, Szendrői A, Szarka K et al (2003) Perinatal and
intrafamily transmission of hepatitis B virus in three generations
of a low-prevalence population. J Med Virol 70:194–204
148. Pangault C, Le Tulzo Y, Minjolle S et al (2004) HLA-G expression
in Guillain-Barre syndrome is associated with primary infection
with cytomegalovirus. Viral Immunol 17:123–125
149. Paradela A, Bravo SB, Henriquez M et al (2005) Proteomic
analysis of apical microvillous membranes of syncytiotrophoblast cells reveals a high degree of similarity with lipid rafts. J
Proteome Res 4:2435–2441
150. Parry S, Holder J, Halterman MW et al (1998) Transduction of
human trophoblastic cells by replication-deficient recombinant
viral vectors. Promoting cellular differentiation affects virus
entry. Am J Pathol 152:1521–1529
151. Parry S, Zhang J, Koi H et al (2006) Transcytosis of human
immunodeficiency virus 1 across the placenta is enhanced by
treatment with tumour necrosis factor alpha. J Gen Virol
87:2269–2278
152. Pass RF (2004) HHV6 and HHV7: persistence and vertical
transmission (Editorial). J Pediatrics 145:432–434

463
153. Pedersen SM, Oster B, Bundgaard B, Hollsberg P (2006)
Induction of cell-cell fusion from without by human herpesvirus
6B. J Virol 80:9916–9920
154. Pellett PE, Spira TJ, Bagasra O et al (1999) Multicenter
comparison of PCR assays for detection of human herpesvirus
8 DNA in semen. J Clin Microbiol 37:1298–1301
155. Petit T, Dommergues M, Socie G et al (1997) Detection of
maternal cells in human fetal blood during the third trimester of
pregnancy using allele-specific PCR amplification. Br J Haematol 98:767–771
156. Pizzato N, Derrien M, Lenfant F (2004) The short cytoplasmic
tail of HLA-G determines its resistance to HIV-1 Nef-mediated
cell surface downregulation. Hum Immunol 65:1389–1396
157. Pizzato M, Helander A, Popova E et al (2007) Dynamin 2 is
required for the enhancement of HIV-1 infectivity by Nef. Proc
Natl Acad Sci USA 104:6812–6817
158. Predescu SA, Predescu DN, Palade GE (2001) Endothelial
transcytotic machinery involves supramolecular protein-lipid
complexes. Mol Biol Cell 12:1019–1033
159. Querbes W, O'Hara BA, Williams G, Atwood WJ (2006) Invasion
of host cells by JC virus identifies a novel role for caveolae in
endosomal sorting of noncaveolar ligands. J Virol 80:9402–9413
160. Qiu J, Terasaki PI, Miller J et al (2006) Soluble HLA-G
expression and renal graft acceptance. Am J Transplant
6:2152–2156
161. Rashid-Doubell F, Tannetta D, Redman CW et al (2007) Caveolin-1
and lipid rafts in confluent BeWo trophoblasts: evidence for Rock-1
association with caveolin-1. Placenta 28:139–151
162. Rastogi D, Wang C, Mao X et al (2007) Antigen-specific
immune responses to influenza vaccine in utero. J Clin Invest
117:1637–1646
163. Rhoades CJ, Williams MA, Kelsey SM, Newland AC (2000)
Monocyte-macrophage system as targets for immunomodulation
by intravenous immunoglobulin. Blood Rev 14:14–30
164. Rice PS, Cason J, Best JM, Banatvala JE (1999) High risk
genital papillomavirus infections are spread vertically. Rev Med
Virol 9:15–21
165. Rice PS, Mant C, Cason J et al (2000) High prevalence of human
papillomavirus type 16 infection among children. J Med Virol
61:70–75
166. Rogo KO, Nyansera PN (1989) Congenital condylomata
acuminata with meconium staining of amniotic fluid and fetal
hydrocephalus: case report. East Afr Med J 66:411–413
167. Ros C, Gerber M, Kempf C (2006) Conformational changes in
the VP1-unique region of native human parvovirus B19 lead to
exposure of internal sequences that play a role in virus
neutralization and infectivity. J Virol 80:12017–1224
168. Roussev RG, Ng SC, Coulam CB (2007) Natural killer cell
functional activity suppression by intravenous immunoglobulin,
intralipid and soluble human leukocyte antigen-G. Am J Reprod
Immunol 57:262–269
169. Rouzioux C, Costagliola D, Burgard M et al (1995) Estimated
timing of mother-to-child human immunodeficiency virus type 1
(HIV-1) transmission by use of a Markov model: the HIV
Infection in Newborns French Collaborative Study Group. Am J
Epidemiol 142:1330–1337
170. Ruprecht K, Obojes K, Wengel V et al (2006) Regulation of
human endogenous retrovirus W protein expression by herpes
simplex virus type 1: implications for multiple sclerosis. J
Neurovirol 12:65–71
171. Ryckman BJ, Jarvis MA, Drummond DD et al (2006) Human
cytomegalovirus entry into epithelial and endothelial cells
depends on genes UL128 to UL150 and occurs by endocytosis
and low-pH fusion. J Virol 80:710–722
172. Sadagopan S, Sharma-Walia N, Veettil MV et al (2007) Kaposi's
sarcoma-associated herpesvirus induces sustained NF-kappaB

464

173.

174.
175.
176.

177.

178.

179.

180.
181.
182.

183.

184.

185.

186.
187.

188.

189.

190.

191.

192.

193.

194.

A.S. Younes et al.
activation during de novo infection of primary human dermal
microvascular endothelial cells that is essential for viral gene
expression. J Virol 81:3949–3968
Sashihara J, Tanaka-Taya K, Tanaka S et al (2002) High
incidence of human herpesvirus 6 infection with a high viral
load in cord blood stem cell transplant recipients. Blood
100:2005–2011
Sathish N, Abraham P, Peedicayil A et al (2004) HPV DNA in
plasma of patients with cervical carcinoma. J Clin Virol 31:204–209
Schroder J (1974) Passage of leukocytes from mother to fetus.
Scand J Immunol 3:369–373
Schust DJ, Hill AB, Ploegh HL (1996) Herpes simplex virus
blocks intracellular transport of HLA-G in placentally derived
human cells. J Immunol 157:3375–3380
Schust DJ, Tortorella D, Seebach J et al (1998) Trophoblast class
I major histocompatibility complex (MHC) products are resistant
to rapid degradation imposed by the human cytomegalovirus
(HCMV) gene products US2 and US11. J Exp Med 188:497–503
Schust DJ, Tortorella D, Ploegh HL (1999) HLA-G and HLA-C
at the feto-maternal interface: lessons learned from pathogenic
viruses. Semin Cancer Biol 9:37–46
Sherman JK, Menna JH (1986) Cryosurvival of herpes simplex
virus-2 during cryopreservation of human spermatozoa. Cryobiology 23:383–385
Sieczkarski SB, Whittaker GR et al (2002) Dissecting virus entry
via endocytosis. J Gen Virol 83:1535–1545
Simister NE (2003) Placental transport of immunoglobulin G.
Vaccine 21:3365–3369
Sinclair AJ, Farrell PJ (1995) Host cell requirements for efficient
infection of quiescent primary B lymphocytes by Epstein-Barr
virus. J Virol 69:5461–5468
Smith EM, Ritchie JM, Yankowitz J et al (2004) Human
papillomavirus prevalence and types in newborns and parents:
concordance and modes of transmission. Sex Transm Dis 31:57–62
Smith JL, Campos SK, Ozbun MA (2007) Human papillomavirus
type 31 uses a caveolin 1- and dynamin 2-mediated entry pathway
for infection of human keratinocytes. J Virol 81:9922–9931
Straub I (1996) Experiences of the introduction of country-wide
programme for the prevention of hepatitis B virus infection of
newborns. (in Hungarian). Epinfo 3:225–232
Strauss JH, Wang KS, Schmaljohn AL et al (1994) Host-cell
receptors for Sindbis virus. Arch Virol Suppl 9:473–484
Summerford C (1998) Samulski RJ: Membrane-associated
heparan sulfate proteoglycan is a receptor for adeno-associated
virus type 2 virions. J. Virol. 72:1438–1445
Summerford C, Bartlett JS, Samulski RJ (1999) aVb5 integrin: a
co-receptor for adeno-associated virus type 2 infection. Nat Med
5:78–82
Sverdlov M, Shajahan AN, Minshall RD (2007) Tyrosine
phosphorylation-dependence of caveolae-mediated endocytosis.
J Cell Molec Med 11:1239–1250
Tabata T, McDonagh S, Kawakatsu H, Pereira L (2007)
Cytotrophoblasts infected with a pathogenic human cytomegalovirus strain dysregulate cell-matrix and cell-cell adhesion
molecules: a quantitative analysis. Placenta 28:527–537
Tagawa A, Mezzacasa A, Hayer A et al (2005) Assembly and
trafficking of caveolar domains in the cell: caveolae as stable,
cargo-triggered, vesicular transporters. J Cell Biol 170:769–779
Takizawa T, Anderson CL, Robinson JM (2005) A novel Fc
gamma R-defined, IgG-containing organelle in placental endothelium. J Immunol 175:2331–2339
Tarantal AF, Lee CI, Ekert JE et al (2001) Lentiviral vector gene
transfer into fetal rhesus monkeys (Macaca mulatta): lungtargeting approaches. Mol Ther 4:614–621
Taylor MM, Chohan B, Lavreys L et al (2004) Shedding of
human herpesvirus 8 in oral and genital secretions from HIV-1-

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.
207.

208.

209.

210.

211.

212.

seropositive and -seronegative Kenyan women. J Infect Dis
190:484–488
Thomas R, Macsween KF, McAulay K et al (2006) Detection of
human herpesvirus 8 (HHV-8) in normal prostates. Prostate
66:1302–1310
Thomas R, Macsween KF, McAulay K et al (2006) Evidence of
shared Epstein-Barr viral isolates between sexual partners, and
low level EBV in genital secretions. J Med Virol 78:1204–1209
Tong MI, Thursby M, Rakela J et al (1981) Studies, on the
maternal-infant transmission of the viruses which cause acute
hepatitis. Gastroenterol 80:999–1004
Toth FD, Aboagye-Mathiesen G, Szabo J et al (1995) Bidirectional enhancing activities between human T cell leukemialymphoma virus type I and human cytomegalovirus in human
term syncytiotrophoblast cells cultured in vitro. AIDS Res Hum
Retrov 11:1495–1507
Toth FD, Aboagye-Mathiesen G, Nemes J et al (1997) EpsteinBarr virus permissively infects human syncytiotrophoblasts in
vitro and induces replication of human T cell leukemialymphoma virus type I in dually infected cells. Virology
229:400–414
Tousseyn T, Jorissen E, Reiss K, Hartmann D (2006) (Make)
stick and cut loose-disintegrin metalloproteases in development
and disease. Birth Defects Res C Embryo Today 78:24–46
van Ijzendoorn SC, Tuvim MJ, Weimbs T et al (2002) Direct
interaction between Rab3b and the polymeric immunoglobulin
receptor controls ligand-stimulated transcytosis in epithelial
cells. Dev Cell 2:219–228
Veettil MV, Sharma-Walia N, Sadagopan S et al (2006) RhoAGTPase facilitates entry of Kaposi's sarcoma-associated herpesvirus
(KSHV/HHV-8) into adherent target cells in a Src-dependent
manner. J Virol 80:11432–11446
Vidricaire G, Imbeault M, Tremblay MJ (2004) Endocytic host
cell machinery plays a dominant role in intracellular trafficking
of incoming human immunodeficiency virus type 1 in human
placental trophoblasts. J Virol 78:11904–11915
Vidricaire G, Tremblay MJ (2005) Rab5 and Rab7, but not
ARF6, govern the early events of HIV-1 infection in polarized
human placental cells. J Immunol 175:6517–6530
Vidricaire G, Tremblay MJ (2007) A clathrin, caveolae, and
dynamin–independent endocytic pathway requiring free membrane cholesterol drives HIV-1 internalization and infection in
polarized trophoblastic cells. J Mol Biol 368:1267–1283
Ward KN (2005) Human herpesviruses-6 and -7 infections. Curr
Opin Infect Dis 18:247–252
Ward KN, Leong HN, Nacheva EP et al (2006) Human
herpesvirus 6 chromosomal integration in immunocompetent
patients results in high levels of viral DNA in blood, sera, and
hair follicles. J Clin Microbiol 44:1571–1574
Ward KN (2005) The natural history and laboratory diagnosis of
human herpesviruses-6 and -7 infections in the immunocompetent. J Clin Virol 32:183–193
Ward KN, Leong HN, Thiruchelvam AD et al (2007) Human
herpesvirus 6 DNA levels in cerebrospinal fluid due to primary
infection differ from those due to chromosomal viral integration
and have implications for diagnosis of encephalitis. J Clin
Microbiol 45:1298–1304
Warrington RJ, Wong SK, Ramdahin S, Rutherford WJ (1995)
Normal human cord blood B cells can produce high affinity IgG
antibodies to dsDNA that are recognized by cord blood-derived
anti-idiotypic antibodies. Scand J Immunol 42:397–406
Wegner CC, Jordan JA (2004) Human parvovirus B19 VP2
empty capsids bind to human villous trophoblast cells in vitro via
the globoside receptor. Infect Dis Obstet Gynecol 12:69–78
Wei JN, Wang SP, Shuang JY (2005) Study on the relationship
between fetomaternal cellular traffic and hepatitis B virus

Maternal-fetal pathways of viruses

213.

214.
215.

216.
217.

218.

219.

220.

221.

intrauterine infection (in Chinese). Zhonghua Liu Xing Bing Xue
Za Zhi 26:240–244
Weigel-Kelley KA, Yoder C, Srivastava A (2001) Recombinant
human parvovirus B19 vectors: erythrocyte P antigen is
necessary but not sufficient for successful transduction of human
hematopoietic cells. J Virol 75:4110–4116
Wolff H, Politch JA, Martinez A et al (1990) Leukocytospermia
is associated with poor semen quality. Fertil Steril 53:528–536
Wolff H, Panhans A, Stolz W, Meurer M (1993) Adherence of
Escherichia coli to sperm: a mannose mediated phenomenon
leading to agglutination of sperm and E. coli. Fertil Steril
60:154–158
Wolff H (1995) The biologic significance of white blood cells in
semen. Fertil Steril 63:1143–1157
Wu X, Li DJ, Yuan MM, Zhu Y, Wang MY (2004) The
expression of CXCR4/CXCL12 in first–trimester human trophoblast cells. Biol Reprod 70:1877–1885
Wang X-S, Zhang J-W (2008) The microRNAs involved in
human myeloid differentiation and myelogenous/myeloblastic
leukemia. J Cell Mol Med 12:1445–1455
Yang YS, Ho HN, Chen HF et al (1995) Cytomegalovirus infection
and viral shedding in the genital tract of infertile couples. J Med
Virol 45:179–182
Yang Y, Zou L, Li M, Zhao Y (2006) CXCL12/CXCR4 expression
in trophoblasts takes part in materno-fetal immune tolerance and
vascular remodeling. J Huazhong Univ Sci Technolog Med Sci
26:466–468
You H, Liu Y, Agrawal N et al (2007) Multiple human
papillomavirus types replicate in 3A Trophoblasts. Placenta
29:30–38

465
222. Younes SA, Csire M, Pályi B et al (2007) Endotoxins do not
influence transplacental transmission of lymphotropic human
herpesviruses and human papillomaviruses into amniotic fluid
taken from healthy mothers before parturition in Hungary. Acta
Microbiol Immunol Hung 54:279–303
223. Yuen MF, Fung SK, Tanaka Y et al (2004) Longitudinal study of
hepatitis activity and viral replication before and after HBeAg
seroconversion in chronic hepatitis B patients infected with
genotype B and C. J Clin Microbiol 42:5036–5040
224. Zacchi P, Stenmark H, Parton RG et al (1998) Rab17 regulates
membrane trafficking through apical recycling endosomes in
polarized epithelial cells. J Cell Biol 140:1039–1053
225. Zachar V, Spire B, Hirsch I et al (1991) Human transformed
trophoblast-derived cells lacking CD4 receptor exhibit restricted
permissiveness for human immunodeficiency virus type 1. J
Virol 65:2102–2107
226. Zanghellini F, Boppana SB, Emery VC et al (1999) Asymptomatic primary cytomegalovirus infection: virologic and immunologic features. J Infect Dis 180:702–707
227. Zerial M, McBride H (2001) Rab proteins as membrane
organizers. Nat Rev Mol Cell Biol 2:107–117
228. Zerr DM, Meier AS, Selke SS et al (2005) A population–based
study of primary human herpesvirus 6 infection. N Engl J Med
352:753–755
229. Zhao JJ, Hua YJ, Sun DG et al (2006) Genome-wide microRNA
profiling in human fetal nervous tissues by oligonucleotide
microarray. Childs Nerv Syst 22:1419–1425
230. Ziyaeyan M, Alborzi A, Abbasian A et al (2007) Detection of
HCMV DNA in placenta, amniotic fluid and fetuses of
seropositive women by nested PCR. Eur J Pediatr 166:723–726

