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Preface

Despite the introduction of efficacious vaccines against rubella, Varicella-zoster and
hepatitis B viruses; the use of effective drugs for the treatment of herpes, toxo-
plasma and Chagas diseases; and the development of highly sensitive, specific and
reproducible immunoassays and nucleic acid tests for the diagnosis of a variety of
bacterial, viral and parasitic diseases, congenital infections continue to pose a sub-
stantial threat throughout the world. Congenital and other related diseases of the
newborn remain important causes of malformation and death among infants
worldwide. The incidence of intrauterine infections during pregnancy has been
estimated to be about 14% when highly sensitive diagnostic procedures are used.
Perinatal infections account for 2–3% of all congenital anomalies in western
countries. A variety of etiologic agents are responsible for congenital infections.
These agents can cause remarkably similar manifestations such as a rash, deafness,
vision loss, growth retardation, stillbirth, ventriculitis, hepatomegaly, hepatitis,
myocarditis and many other ailments involving the kidneys, liver and the digestive
system.

Many congenital diseases are caused by bacterial, parasitic and viral agents.
This book is directed mostly toward the molecular composition, pathogenesis,
diagnosis, treatment and control of congenital and other related diseases of the
newborn that are caused by a variety of viruses. These viruses comprise several
families that include Herpesviridae (HSV-1, HSV-2, HSV-6, HSV-7, CMV and
Varicella-zoster); Parvoviridae (parvovirus B19); Lentiviridae (HIV); He-
padnaviridae (HBV); Flaviviridae (HCV) and Togaviridae (RV). In addition, Cha-
gas, a parasitic disease has been included in a series dedicated mainly to discussions
on human viral disease. This was done intentionally because I do realize that a
detailed volume on human congenital diseases will be incomplete without including
this chapter, and because unlike toxoplasmosis, Chagas disease is neither fully
understood nor frequently encountered by pediatricians outside South and Central
America.

In this book, leading researchers in childhood diseases and virology from Bra-
zil, Germany, Ireland, Italy, Japan, Spain and the United States of America report
on the up-to-date advances in the molecular virology, immunology, biochemistry,
pathology, diagnosis, prevalence and treatment of selected congenital and other
related diseases of the newborn. It is hoped that the contents of this book will
encourage new and innovative approaches to future congenital disease research and
a better understanding of these diseases.

xiii
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Diagnosis of Maternal and Congenital
Cytomegalovirus Infection

Tiziana Lazzarotto, Maria Paola Landini
Department of Clinical and Experimental Medicine, Clinical Unit of Microbiology
and Virology, St. Orsola Malpighi General Hospital, University of Bologna, Bologna,
Italy

Introduction

Human cytomegalovirus (CMV) is one of the eight viruses belonging to the Her-

pesviridae family to infect humans. CMV belongs to the Betaherpesvirinae sub-
family of viruses characterized by a restricted host spectrum, in vitro replication in
fibroblasts of the natural host species in vivo, a slow replication cycle, the induction
of intranuclear and intracytoplasmic inclusions and the ability to induce latency
mainly in the myeloid cell linage.

Although rarely pathogenic in immunocompetent individuals, the virus poses a
significant health threat to immunocompromised individuals. CMV is an important
post-transplant pathogen as between 50% and 100% allograft recipients (depend-
ing on serological status of donor/recipient and type of immunosuppression) de-
velop CMV infection.

Congenital CMV infection is the leading cause of congenital virus infection in
developed countries, occurring in 0.3–2.4% (mean value 1%) of all live births
depending on the seroprevalence of the population examined.

Intrauterine primary infections are second only to Down’s syndrome as a
known cause of mental retardation.

The virus

CMV virions are pleomorphic and measure between 150 and 300 nm in diameter.
The CMV genome is made up of a double-stranded DNA and it is the largest of all
known human viruses. It contains over 235 kilobase pairs, and has a potential
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protein encoding content of approximately 200 open reading frames (ORFs) (Chee
et al., 1990).

Sequential genome expression is temporally regulated in productive infection.
The first phase of transcription is commonly called the ‘‘immediate-early’’ phase,
and immediately follows entry of the virus into the host cell. Immediate-early
antigens accumulate in the nucleus. These antigens are non-structural viral pro-
teins, i.e. not part of the virion itself, but instead exert important regulatory func-
tions in the switch to the early phase of CMV infection by transactivating early
gene promoters (Mocarski, 2001).

The early phase of CMV infection is defined as occurring before the onset of
viral DNA synthesis. This phase starts about 2–4 h after infection, and proceeds
until about 24–48 h after infection when viral DNA synthesis starts. About 75% of
the viral genome is transcribed during the early phase of infection, and many
structural and non-structural proteins are produced. Furthermore, cell rounding
occurs during this phase. Finally, late genes are expressed at high levels after DNA
replication. They mostly encode structural viral antigens such as the viral capsid
proteins, the matrix or tegument proteins, and the envelope glycoproteins. During
the late period of infection, more than 90% of the CMV genome is transcribed.
This period extends from 24 to 48 h after infection until cell death occurs, and it is
the phase in which cytopathology proceeds towards cell lysis, infectious virus is
produced and mature virions appear in the culture supernatant (Stinksi, 1999;
Mocarski, 2001; Murphy et al., 2003).

Epidemiology

CMV infection is endemic and ubiquitous and not subject to seasonal fluctuations.
During their lives, from 40% to 80% of individuals in the industrialized countries
and almost all those in the developing world will be infected by CMV. The se-
roprevalence of CMV infection increases with age in every group that has been
studied (Ho, 1990; Britt et al., 1996).

Human beings are the only reservoir for human CMV. The virus is transmitted
by direct contact and only indirectly in rare cases. Because of viral fragility towards
environmental factors, close contact is required for horizontal propagation of in-
fection.

Sources of infection include: oropharyngeal secretions, urine, cervical and vag-
inal secretions, sperm, breast milk, tears, faeces and blood. Propagation is fostered
by prolonged elimination of the virus and the fact that most infections produce no
symptoms.

The infection is generally acquired during childhood, with an incidence of
30–40% during the first year of life, mainly by breast milk, and subsequently by
close personal contact in day-care centers and schools (Pass et al., 1984; Handsfield
et al., 1985). Among the adult population, especially fertile women, sexual activity
and close daily contact with children play a significant role in the spread of CMV
infection (Taber et al., 1985; Pass et a., 1987). Blood products, solid organ and
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bone marrow transplant can also transmit active as well as latent CMV (Barbara
et al., 1987).

In most cases, CMV infection in normal hosts leads to a clinically inapparent
infection (primary and non-primary infection). Although rarely pathogenic in
immunocompetent individuals, the virus poses a significant health threat to
immunocompromised individuals. Infection can occur by reactivation of latent
virus, by reinfection in patients who are already infected (non-primary infection) or
by primary infection (Pass, 2001). CMV infection in immunocompromised indi-
viduals causes different clinical syndromes in different groups of patients and the
severity of the infection parallels the degree of the immunosuppression.

The infants may acquire infection from the mother as a result of intrauterine
infection (congenital infection), or through contact with infected genital secretions
during passage through the birth canal (perinatal infection) or postpartum through
breast feeding (postnatal infection).

The congenital CMV infection in the developed countries occurs with an in-
cidence between 0.3% and 2.4% of all live births (Alford et al., 1990; Peckham,
1991). Only 10–15% of congenitally infected babies present symptoms of infection
at birth and these infants have a perinatal mortality rate of around 30% with
70–80% of surviving babies presenting major neurological sequelae (Boppana
et al., 1992). Despite infection, 85–90% of babies have no symptoms at birth, but
8–15% of them will suffer delayed injury (Boppana et al., 1992; Fowler et al., 1992).

Mother-to-child transmission is mainly the result of primary maternal CMV
infection which carries a risk of transmission varying from 24% to 75% (mean value
40%) (Alford et al., 1990; Fowler et al., 1992). Cases of CMV transmission due to
non-primary infection have been reported in 1–2.2% of cases, i.e. at a much lower
rate than those resulting from primary infection (Fowler et al., 1992). Nevertheless,
increasing evidence shows that the outcome of non-primary maternal infection may
be symptomatic and severe (Boppana et al., 1999; Gaytant et al., 2003). Recently,
the possibility that recurrences and unfavourable outcome might be related to re-
infection by a new viral strain has been suggested (Boppana et al., 2001). Congenital
CMV infection is strongly dependent on maternal serological status.

Fowler et al. (2003) reported that the older maternal age (X25 years) and
gravidity (>2) were associated with decreased risk of congenital CMV infection.
The presence of maternal antibody at the previous delivery was highly protective
against delivering a future newborn with congenital CMV infection (RR, 0.32; 95%
CI, 0.17–0.62).

Since the prevalence of maternal antibody increases rapidly with age in young
women, it is likely that a greater proportion of younger women would have been
seronegative near the time of their first pregnancy. It has been gauged that about
30–40% of the young population (o 25 years) in northern Italy is seronegative for
CMV making the same proportion of fertile women at risk of contracting CMV
infection during pregnancy (unpublished data).

Clinical manifestations in symptomatic newborns range from severe multiorgan
involvement with jaundice (with high direct bilirubin levels), thrombocytopenic
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purpura, hepatomegaly, splenomegaly, pneumonia and encephalitis. Mild clinical
manifestations usually include liver problems with hepatosplenomegaly (60% of
cases) and thrombocytopenia (53–77% of cases), and around half the babies
present delayed intrauterine growth with low birth weight (Ramsay et al., 1991;
Boppana et al., 1992). Structural abnormalities mainly affect the central nervous
system (ventriculomegaly, intracranial calcifications and cerebral atrophy), whereas
other organs are seldom involved. Associated visual impairment and hearing loss
have also been reported and CMV has been implicated in non-immunological
hydrops (Inoue et al., 2001).

In addition 8–15% of asymptomatic newborns develop long-term sequelae,
namely psychomotor delay and hearing loss (Fowler et al., 1997). CMV is the
leading non-genetic cause of deafness in children: more than half the babies born
with symptomatic infection and 10% of asymptomatic newborns will develop mild-
to-severe neurosensory hearing loss which is progressive in 50% of cases (Stagno et
al., 1986; Dahle et al., 2000). Hearing loss is bilateral in 50% of cases leading to
language impairment and learning delay whose severity is directly proportional to
the delay in diagnosis precluding prompt rehabilitation (Kimberlin et al., 2003).

In summary, around 30–40% of congenitally CMV infected newborns will
present problems varying in severity at birth and/or throughout life.

Transmission of CMV from mother to foetus occurs with the same frequency
throughout all three trimesters of pregnancy (Stagno et al., 1986). More recently,
Bodeus reported an overall rate of transmission of 57.5% with maternal serocon-
version during pregnancy; however, the transmission rate was lower, 36% with
first-trimester infection than with third-trimester infection, 77.6% (Bodeus et al.,
1999).

CMV can also be transmitted to the foetus when primary maternal infection
occurs before conception. Revello et al. (2002b) showed that preconception pri-
mary CMV infection (3 months before the last menstrual period) carries a low risk
of intrauterine transmission, one (9.1%) infected newborn out of 12 examined. In
the periconceptional CMV infection (4 weeks after the last menstrual period) the
virus was transmitted to 4 newborns (30.8%) of 13 pregnancies. The authors con-
clude that periconceptional primary CMV infection seems to bear a higher risk of
unfavourable outcome than preconceptional infection, and counselling should be
adjusted accordingly.

The extent of foetal–newborn injury, namely severe brain damage, is correlated
to the gestational epoch in which vertical transmission occurs: the most severe
is correlated to primary maternal infected contracted in the first 2 months of preg-
nancy (Stagno et al., 1986). A report by Pass et al. (2006) demonstrated that
children with congenital CMV infection following first-trimester maternal infection
are more likely to have CNS sequelae, especially sensorineural hearing loss, than
are those whose mothers were infected later in pregnancy. However, some degree of
CNS impairment can follow even late gestational infection .

Most CMV infections encountered in pregnant women are asymptomatic even
during the acute stage. Less than 5% of pregnant women with primary infection are
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reported to be symptomatic, and an even smaller percentage suffer from a mon-
onucleosis syndrome (Pass et al., 1999). Even in rare cases with symptoms, the
manifestations are non-specific and mild such as persistent low fever, muscle ache
and gland enlargement. Laboratory tests may sometimes disclose atypical lympho-
cytosis and slightly raised transaminase levels.

Pathogenesis of congenital infection

Congenital infection is transmitted through the placenta. The virus in maternal
leucocytes infects the placenta and replicates until it comes into contact with the
foetal circulation (Fisher et al., 2000). In vitro studies have clearly demonstrated
how CMV productively infects the placental trophoblasts (Halwachs-Baumann et
al., 1998; Hemmings et al., 1998). It has also been shown how inflammation triggers
the expression of adhesion molecules (namely ICAM-1) on the trophoblast mem-
branes, thereby enhancing the adhesion of maternal blood cells (Xiao et al., 1997).

The placenta acts as a portal of entry for the virus, but it also acts as a barrier
because even during maternal primary infection, transmission occurs in only 40%
of cases. Twin pregnancies represent an interesting model because different foetuses
are simultaneously exposed to the same maternal influences and had a completely
different outcome. In our recent studies, we described three cases of CMV-infected
twin pregnancies. Only six of seven newborns were infected and three of whom
were symptomatic (Lazzarotto et al., 2003; Gabrielli et al., 2003).

During primary infection of the mother, leucocytes carrying infectious virus
may transmit CMV infection to trophoblasts and from these cells the virus seems to
spread cell-to-cell into the stroma replicating in fibroblasts and then reaching foetal
endothelial cells. Recent studies indicate a complete but limited CMV replication in
trophoblast cells and a subsequent high virus replication within the stromal cells
(Fig. 1). Therefore, even if a low viraemia phase occurs in the mother a congenital
infection might occur as a result of virus amplification at placental level (Gabrielli
et al., 2001).

After an initial foetal viraemic stage (dissemination stage), the virus can invade
and productively replicate in target organs like the central nervous system, liver,
inner ear, spinal cord, kidney, duct epithelium and vascular epithelium, etc. In
particular, the tubular epithelium within the kidney appears to be a major site of
viral replication. Cleared by foetal diuresis into the amniotic fluid (AF), the virus
can be newly ingested by the foetus and replicate in the oropharyngeal epithelium
giving rise to more extensive dissemination via the blood (Fig. 2).

Diagnosis of maternal infection

Since pregnancy generally does not affect the clinical course of infection, usually
symptom-free in immmunocompetent subjects, laboratory tests (virology and se-
rology) are the best means of establishing diagnosis. It is up to the physician to
decide on the basis of maternal status prior to conception whether to test for CMV
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Fig. 1 Immunohistochemical double detection of viral and cellular in CMV-infected placenta explants.

(A) In blue, the cytokeratin marker showing the trophoblast layer and in brown CMV-early antigen

(� 200); (B) In blue, the vimentin-positive cells showing fibroblast cells and in brown CMV-immediate

early antigen (� 400); (C) In blue, the endothelial cell marker and in brown CMV-early antigen (� 400);

(D) In blue, the CD68 marker showing macrophages and in brown CMV-early antigen (� 500). From

Gabrielli et al. (2001) (for color version: see color section on page 261).

viremia infection of placenta trophoblasts

infection of fetal
endothelial cells

viral
replication in
target organs

(kidney)

fetal viruria

virus in
amniotic fluid

infection of
the oropharynx

fetal viremia

Primarily
infected mother

Fig. 2 Transmission of CMV through the placenta barrier and infection of the foetus.
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in pregnancy and which tests to prescribe and then to interpret the results accu-
rately.

Women seropositive for CMV before conception

IgG-specific antibodies in serum disclosed at the first test in pregnancy (8–10th
week) is indicative of past infection and no further investigations are required.
There is tacit agreement among the international community that no labo-
ratory testing for CMV needs to be carried out, unless indicated by particular
clinical conditions such as abnormal ultrasonographic findings. Even though it
does not offer full protection, acquired immunity will defend the mother from
primary infection in pregnancy which carries a much greater risk of foetal damage.
Any reinfection or reactivation of infection carries the same risk as pregnancy itself.

For these reasons, the information on maternal status prior to conception
precludes the need for screening during pregnancy.

Women seronegative for CMV within the 6 months before conception

Non-immune pregnant women are therefore at risk of acquiring primary infection.
First and foremost they must be informed of hygiene and behaviour measures
(avoiding direct contact with organic materials, close contact with pre-school chil-
dren and frequent thorough hand-washing) to reduce the chance of infection
(Cannon et al., 2005). A recent study reported that pregnant women who received
an intervention involving hygienic practices were significantly less likely to acquire
CMV infection than were non-pregnant women (Adler et al., 2004).

Seronegative pregnant women must also undergo periodic serological testing.
Although there are no universally accepted guidelines, monthly testing until the
18–20th week of pregnancy is reasonable to implement foetal investigations in case
of seroconversion. If the mother continues to be seronegative, serological follow-up
testing can be limited or confined to one more test at 35–37 weeks to select new-
borns at risk of congenital infection in the case of late seroconversion (Guerra
et al., 2000).

Women whose pre-pregnancy serological status is unknown

Diagnosis of CMV infection is more complex in women unaware of their sero-
logical status before pregnancy. As most infections are asymptomatic, the only way
to disclose primary infection is to implement specific testing as early in pregnancy
as possible.

Serological findings

Testing for anti-CMV IgM antibodies is the most widely used procedure for
screening pregnant women. However, there is currently some concern over the fact

Diagnosis of Maternal and Congenital Cytomegalovirus Infection 7



that different commercially available kits frequently yield discordant results, lim-
iting their diagnostic value. Agreement between kits varies from 56% to 75% with
a sensitivity between 30% and 88% (Lazzarotto et al., 1997a).

When anti-CMV IgM antibodies are detected in a pregnant woman the diag-
nosis remains open.

Anti-CMV IgM antibodies are a good indicator of acute or recent infection, but
cannot always be correlated to primary infection. Findings indicate that fewer than
10% of IgM-positive women congenitally infect their foetus/newborn (Lazzarotto
et al., 2004). This is because pregnant women can produce IgM during reactivations
or reinfections (Lazzarotto et al., 1997b). In addition, anti-CMV IgM antibodies
have been detected in some pregnant women 6–9 months after the end of the acute
phase of primary infection (Stagno et al., 1986) and false-positive results are com-
mon (Lazzarotto et al., 1997a, 2004).

Hence, the detection of IgM in the serum of pregnant women may simply be a
starting point for further diagnostic investigation.

The anti-CMV IgG avidity test is currently the most reliable procedure to
identify primary infection in pregnant women (Grangeot-Keros et al., 1997;
Lazzarotto et al., 1997b; Eggers et al., 2000; Mace et al., 2004). Antibody avidity
indicates the strength with which a multivalent antibody binds to a multivalent
antigen. The antibodies produced during the primary response have a much lower
antigen avidity than the antibodies produced during the non-primary response. For
this reason, low-avidity antibodies are found after primary antigenic stimulation.
The degree of antibody avidity increases progressively and slowly reflecting the
maturation of the immune response.

Low-avidity indices indicate low-avidity IgG antibodies in serum caused by
acute or recent primary CMV infection, whereas high-avidity indices (high-avidity
serum IgG) indicate no current or recent primary infection (Lazzarotto et al.,
1997b). Low-avidity anti-CMV IgG are found in more than 90% of primary in-
fections in both immunocompetent and immunocompromised subjects, whereas
they are never detected in non-primary infection (Lazzarotto et al., 1997b).

Low-avidity indices are encountered 18–20 weeks after the onset of symptoms
in immunocompetent subjects. The test is reliable and 100% sensitive before the
16–18th week of pregnancy after which sensitivity is drastically reduced (62.5%)
(Lazzarotto et al., 2000b).

Immunoblot is the gold standard test to confirm the presence of IgM anti-
bodies in serum (Lazzarotto et al., 1998). In addition, analysis of the virus-specific
IgM response to individual structural and non-structural CMV proteins will dis-
close fairly typical reactive profiles to distinguish primary from non-primary in-
fection. Moreover, counting the number of bands recognized by IgM present in
sera from CMV-infected women, we observed that serum IgM from women
who transmit CMV infection reacts with a higher number of bands than does
serum IgM from those who do not transmit the infection (Po0.0001) (Lazzarotto
et al., 1998).
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Figure 3 shows some examples of IgM-reactive profiles against viral and re-
combinant CMV proteins in serum samples from pregnant women IgM-positive
and IgM-negative for CMV.

A management scheme for CMV serology in pregnant women is proposed in
Fig. 4.

Virological findings

Virological tests play a secondary role in the diagnosis of primary CMV infection
in pregnant women. During and after pregnancy CMV is commonly cleared in

Fig. 3 The new immunoblot. Individual suspensions of each of the four purified viral proteins (vp150,

vp82, vp65 and vp28) and the four purified recombinant proteins (rp150, rp52, rp130 and rp38) were

deposited onto the nitrocellulose strip. Furthermore, two additional control proteins were added: the

CKS protein (negative control) and human m chain (IgM) (positive control). Representative examples of

serum reactivity with the immunoblot. Viral and recombinant proteins are identified on the right. CKS is

the negative control, and m is the IgM heavy chain and represents the positive control. Lanes: 1–8, IgM-

positive sera from pregnant women; 9 and 10, IgM-negative sera from pregnant women. Sera 1–4

preferentially reacted with recombinant proteins, while sera 5–8 reacted with both viral and recombinant

proteins. Sera 5 and 6 were from pregnant women who transmitted the infection. From Lazzarotto et al.

(1998).
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organic secretion so that virus isolation in urine and/or cervical secretions is a poor
indicator of the risk of intrauterine transmission and the severity of foetal/neonatal
damage. We found low positive prediction rates for congenital CMV infection and
foetal injury when the mother shed virus in the saliva and/or urine during the first
two trimesters of pregnancy (29.2% and 57.1%, respectively) (Table 1).

The viraemic phase is much shorter in immunocompetent subjects with respect
to immunodepressed patients. CMV can be detected in blood by virus isolation
and/or the search for viral components by the antigenaemia tests and qualitative
and quantitative polymerase chain reaction (PCR). Findings demonstrated that
CMV may be found in the blood of pregnant women during acute or recent pri-
mary infection (Revello et al., 1998b).

Nevertheless, the results of these diagnostic tests also fail to correlate with either
the clinical course of infection and/or the risk of intrauterine transmission and the
severity of foetal/neonatal injury (Lazzarotto et al., 2004), confirming literature
reports (Revello et al., 1998b). Both antigenaemia and qualitative PCR tests
undertaken in a group of pregnant women infected between 4 and 30 weeks’ ges-
tation with primary CMV had a low sensitivity (equal to 14.3% and 47.6%, re-
spectively) with respect to the number of cases of mother–foetus viral transmission.

IgG Avidity test
IgM Immunoblot

Perform sensitive CMV IgM and IgG
screening assay: first test

6-12 weeks’ gestation

M+ G-M- G- M- G+ M+ G+

Follow up 
test later

M+ G+

Redraw patient 2 weeks 
later and restart

M- G-

Before 18 weeks’ gestationNo further testing

Follow up 
test later

High avidity
IgM -/+

Low/moderate avidity
IgM +

Primary/undetermined
infection

Counseling
Amniocentesis

Ultrasonographic examination

21 - 22 weeks’ gestation
No further testing

Fig. 4 A management scheme for CMV serology in pregnant women. M, CMV-specific IgM; G, CMV-

specific IgG; – negative for antibody; + positive for antibody.
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Specificity and positive and negative prediction rates were also poor (Lazzarotto et
al., 2004).

The outcome of studies designed to identify and quantify the viral genome and/
or viral components in maternal blood in relation to symptomatic infection in the
foetus/newborn also yielded disappointing results from a diagnostic standpoint.

These findings suggest that CMV may or may not be detected in maternal
blood in pregnant women undergoing primary infection at the time of diagnosis.
Positive viral detection is not associated with a greater risk of infection and/or
foetal/neonatal injury (Lazzarotto et al., 2004).

Immunological findings

Revello et al. (2006) investigated the CMV-specific T cell response in pregnant
women and, for comparison, in immunocompetent non-pregnant individuals ex-
periencing primary CMV infection. The authors reported that the cellular immune
response to CMV did not differ significantly between pregnant and non-pregnant
patients with symptomatic primary CMV infection. In addition, the study indicate
that a sustained deficit in the cellular immune response, as evaluated by the
lymphoproliferative response analysis, appears to be significantly associated with
intrauterine transmission of the virus, confirming literature reports. This work is
still at the investigational stage and because exceptions were observed in the study,
as well as in previous studies, the authors indicate that, at the moment, the
lymphoproliferative response analysis cannot be used to reliably predict intrauter-
ine transmission in individual cases (Revello et al., 2006).

Diagnosis of foetal infection

The foetal compartment can be studied by invasive prenatal diagnostic investiga-
tion and ultrasound. The risks linked to invasive testing are counterbalanced by

Table 1

CMV detection in the urine and/or saliva of primarily infected women in relation to congenital CMV

infection. Urine samples were obtained from pregnant women during the first and second trimester

(range 7–24 weeks’ gestation) at the time of diagnosis of primary infection with serologic methods

CI CI Total Sens (%) Spec (%) PPV (%) NPV (%)

yes no

Urine pos 7 17 24

and/or 36.8 75 29.2 80.9

salivaa neg 12 51 63

Total 19 68 87

Abbrevations: CI, congenital infection; pos, positive; neg, negative; SENS, sensitivity; SPEC, specificity;

PPV and NPV, positive and negative predictive value.
aVirus isolation (shell vial).
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certain diagnosis of foetal infection. Ultrasound has the advantage of not being
invasive and will disclose any structural and/or growth abnormalities caused by
CMV infection, but its sensitivity is poor and it correctly identifies not more than
5% of infected babies (Ville, 1998). In addition, a structural abnormality may be
disclosed, a long time, after with initial negative tests and borderline structural
changes detected early in pregnancy could be temporary.

In other words, normal ultrasound findings are reassuring for the pregnant
woman, but poorly predictive of a normal newborn. Frankly pathological findings
(e.g. multiple cerebral calcifications, severe ventriculomegaly, hydrocephalus, hy-
drothorax, ascites, etc.) carry a definitely unfavourable prognosis. On the other
hand, borderline ultrasound findings (e.g. mild ventriculomegaly) can sometimes
regress spontaneously and should not have a major effect on counselling.

Invasive prenatal diagnosis is currently established by amniocentesis. Recent
studies have demonstrated that the AF is the most appropriate material (Donner
et al., 1994; Lipitz et al., 1997; Revello et al., 1998a; Enders et al., 2001; Grangeot-
Keros and Cointe, 2001), obviating the need for cordocentesis, an invasive tech-
nique with a two-fold higher risk to the foetus (1–2% vs. 0.5–1%) (Weiner, 1988).

Studies of prenatal diagnosis of foetal CMV infection such as detection of virus
or virus components in foetal blood were found to be of poor sensitivity to sig-
nificantly improve prenatal diagnosis of intrauterine transmission of the virus. The
statistical analysis of the data of different test for diagnosis of congenital infection
on foetal blood showed that the sensitivity of antigenaemia was 57.9%; of
viraemia, 55.5%; and of leukoDNAemia, 82.3% (Revello et al., 1999b).

Tests performed on foetal blood may provide prognostic information, in par-
ticularly when performed quantitatively. In retrospective studies (Revello et al.,
1999b; Enders et al., 2001), it was observed that the presence and the level of CMV-
specific IgM in foetal blood identified foetuses with abnormal findings with high
probability. Moreover, low CMV load in foetal blood at 20–24 weeks of gestation
may have a more favourable outcome (Revello and Gerna, 2002a).

Given the high risk of mother–foetus transmission and foetal damage, prenatal
diagnosis is recommended to women with primary and undetermined CMV infec-
tion contracted in the first half of pregnancy (documented by antibody serocon-
version or advanced serological tests) and in case of foetal abnormalities suggestive
of infection (Guerra et al., 2000; Lazzarotto et al., 2000a).

Invasive prenatal diagnosis

Amniocentesis entails sampling the AF under ultrasound control and is undertaken
exclusively between the 21st and 22nd weeks of gestation. This period has been
chosen for the following reasons: (1) CMV is a slow replication virus and 6–9 weeks
are required after maternal infection for the virus to be eliminated in the foetus’s
urine in amounts large enough to be detected in the AF (Ruellan-Eugene et al.,
1996) and (2) foetal disease is more severe if the infection is contracted in the first
12–16 weeks of gestation (Pass et al., 2006). In addition, false-negative results are
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common when amniocentesis is carried out earlier in pregnancy and some viruses
are shed by the foetal kidney, the elective site of replication, due to limited diuresis
early on.

The AF is subject to direct search for CMV virus in culture and for the viral
genome by qualitative PCR. Viral isolation from the AF is an indicative of con-
genital infection, but the procedure is not sensitive (70–80%). False-negative results
are partly due to transporting and maintaining the AF in optimal conditions as the
viral particles must be infective to be detected in culture.

The qualitative search for CMV DNA in AF has a good sensitivity and
specificity (90–98% and 92–98%, respectively) with respect to viral transmission
from mother to foetus (Ruellan-Eugene et al., 1996; Lipitz et al., 1997; Revello et
al., 1998a; Guerra et al., 2000; Enders et al., 2001).

If both techniques are negative, foetal infection can be ruled out with a high
degree of certainty. If results are positive, investigation is completed by DNA
quantification by quantitative PCR (Guerra et al., 2000; Lazzarotto et al., 2000a;
Gouarin et al., 2002). There is a low risk of symptomatic infection in the presence
of viral loads o103 copies/ml (Guerra et al., 2000; Lazzarotto et al., 2000a). We
recently observed that among 81 positive samples of AF from mothers who trans-
mitted the virus to their babies, 18 had a result below 1000 copies. These 18
congenitally infected babies were asymptomatic at birth and subsequent monitor-
ing in 16 of them confirmed normal development and the absence of late-onset
sequelae. Twelve of 16 infected infants were followed up for at least 12 months and
the remaining four infants for at least 6 months.

In agreement with other literature reports (Gouarin et al., 2002; Revello and
Gerna, 2002a), these findings suggest that low viral loads in the AF, sampled at the
appropriate times (at 20–22 weeks gestation and the time interval between onset of
maternal infection is X6–8 weeks) may be a good indicator ruling out foetal dam-
age at birth and/or subsequent exacerbation of infection with the onset of sequelae
like hearing loss and/or delayed psychomotor development.

In conclusion, negative results of invasive prenatal diagnosis can rule out CMV
infection in almost 100% of cases. This discourages parents from seeking preg-
nancy termination on the grounds of primary infection at high risk of mother–
foetus transmission and reassures the mother in continuing her pregnancy. Reas-
suring results are also obtained when minimal amounts or traces of the virus are
found in the AF since the newborns are infected but asymptomatic at birth and
subsequent follow-up checks.

Diagnosis of infection in newborns

At birth, it is essential to use appropriate tests for the diagnosis of CMV congenital
infection. The gold standard for the diagnosis of congenital CMV infection
in newborns remains viral isolation in the urine and/or saliva within the first 2
weeks of life. Detection of specific IgM in neonatal serum also discloses congenital
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infection, but IgM antibodies are only present in 70% of infected babies (Revello
et al., 1999a).

After 2 weeks of life, virological and serological tests will no longer distinguish
pre from perinatal CMV infection and the diagnosis of congenital infection can
only be suspected on clinical grounds.

The determination of DNA in blood by PCR at birth seems to be as sensitive
and specific as recovery from urine for diagnosis of congenital CMV infection
(Revello and Gerna, 2002a; Ross et al., 2005; Lanari et al., 2006).

Interesting findings recently emerged from viral genome research using PCR on
blood adsorbed on Guthrie cards, collected at birth for neonatal screening (Barbi
et al., 2000). However, these virological tests are made highly delicate by the com-
plexity of the extraction and purification phase of viral DNA. This test only
sometimes offers retrospective confirmation of congenital infection in selected cases
with a strong clinical suspicion, and cannot be utilized as a diagnostic test for
congenital CMV infection (Barbi et al., 2006).

If urine is positive for viral isolation, various clinical, laboratory and instru-
mental findings are monitored in the infected babies for subsequent weeks and the
newborns classified as symptomatic or asymptomatic (Boppana et al., 1992). If
viral isolation is negative, the baby is considered uninfected and no further tests are
warranted (Fig. 5).

The mortality rate among symptomatic newborns is high and 70–80% of sur-
viving babies are at high risk of developing major neurological sequelae (Boppana
et al., 1992). Most infected babies (85–90%) are asymptomatic at birth. The

Virus isolation from urine and/or saliva
in human fibroblasts in the first 2 weeks of life 

no further testing

negative 
result

positive 
result

newborn with CMV
congenital infection

long-term follow up
(neurodevelopmental,

ophthalmologic, and audiologic

evaluation)

uninfected
newborn

asymptomatic symptomatic

Fig. 5 A management scheme for diagnosis of congenital CMV infection in the newborn.
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majority of them will develop normally, but 8% will develop progressive hearing
loss (Fowler et al., 1997).

For these reasons, all infected babies undergo follow-up monitoring at 1, 3, 6
and 12 months of life and annually thereafter until school age. Monitoring includes
physical, neurological and anthropometric evaluation; neurodevelopmental eval-
uation; auditory brainstem responses; fundus oculi; blood sampling for laboratory
tests (complete blood count, platelet count, transaminase level, bilirubin levels—
direct and indirect); and urine sampling for virus isolation.

In recent years, one of the most widely discussed topics in the management of
congenital CMV infection has been the possibility to predict the long-term outcome
of infection more accurately in the neonatal period. This would offer a series
of advantages including appropriate parent counselling and the implementation of
prompt interventions for babies at high risk of handicap. Pinpointing reliable prog-
nostic markers of favourable outcome would attenuate parental anxiety. Patients
could also be stratified in terms of varying risk of neurological sequelae to devise
more accurate treatments such as antiviral therapies to improve the prognosis.

A report by Rivera et al. (2002) demonstrated that a high viral load in early
infancy, expressed by a high amount of virus in urine, is highly predictive of
audiological impairment.

Bradford et al. (2005) observed that viraemic infants (presence of CMV DNA
in baseline serum sample) were more likely to have (1) hearing loss both at
enrollment (P ¼ 0.045) and at 6-month follow-up testing (P ¼ 0.035) and (2) other
indicators of active CMV disease, including elevated levels of alanine aminotransf-
erase, petechial rash and organomegaly.

Finally, we recently obtained encouraging results in this direction studying the
role of CMV DNA load in infant blood measured on polymorphonuclear leucocyte
(PMNLs) samples taken in the first month of life as a possible prognostic indicator
of sequelae. Low neonatal viral load detected by pp65 antigaenemia test and
quantitative PCR (qPCR) was highly predictive or absence of sequelae: DNAemia
o1000 copies per 105 PMNLs has a negative predictive factor of 95%. Different
viraemia value ranges are correlated to a different risk of sequelae: �70% sequelae
were found in newborns with a qPCR higher than 10,000 copies per 105 PMNLs
(Lanari et al., 2006).

Conclusions

Although the diagnosis of congenital CMV infection is still complex, important
goals have been achieved in recent years, among which are: the availability of more
reliable IgM tests for screening pregnant women whose pre-pregnancy serological
status for CMV is unknown (Maine et al., 2001); tests to determine the avidity
index of anti-CMV IgG, allowing the diagnosis of a primary CMV infection; and,
innovative and traditional, virological tests to detect the virus in AF. We
are confident that the risk of terminating potentially normal babies would be
largely contained by a comprehensive diagnostic approach to CMV infection in
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pregnancy. Furthermore, a fully standardized diagnostic algorithm should lessen
the anxiety felt by pregnant women, which is mainly due to concerns about mis-
management. We believe that it is time to rethink current strategies, recommen-
dations and attitudes among health authorities, clinicians and pregnant women in
order to control congenital CMV infection. Possible future advances in our un-
derstanding of the natural history of intrauterine CMV infection and antiviral
chemotherapy may allow the prenatal identification of affected foetus to lead to the
treatment of the mother with an anti-CMV agent that crosses the placenta and thus
provides pre-emptive foetal therapy.
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Introduction

Herpes simplex virus (HSV) infection of the newborn is an important, potential
source of morbidity and mortality among young children. Neonatal HSV infections
can be categorized as (1) mucocutaneous (infection localized to the skin, eye, and/
or mouth); (2) disseminated (infection involving multiple organs or tissues, includ-
ing the central nervous system (CNS)); or (3) encephalitic (infection of the CNS
with or without skin lesions). In addition, 5–10% of HSV infections in the neonatal
period result from intrauterine (also called, congenital) infection. The polymerase
chain reaction (PCR) has greatly improved the detection of HSV infection at all
ages, including the neonate. However, as many as 25% of the infants with proven
CNS HSV infections have negative PCR studies of the cerebrospinal fluid. Despite
impressive advances in the development of antiviral therapies and in the medical
management of infants with perinatal HSV infections, many infants die or have
permanent neurodevelopmental disabilities. Early recognition of HSV infection
remains a major barrier in improving the outcome of this potentially devastating
infection. This chapter describes the virology, epidemiology, clinical features, dia-
gnosis, management and prognosis for infants with HSV infections (Table 1).

Virology

Though certain clinical manifestations of human herpes have been recognized since
the Greco-Roman era, the precise nature of the infectious agents and the spectrum
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of disease caused by these viruses were not fully established until the 20th century.
In the 1930s neonatal HSV infections were initially described (Batignani, 1934;
Haas, 1935). With the advent of electron microscopy and techniques of modern
molecular biology, HSV types 1 and 2 were identified as enveloped, icosahedral,
double-stranded DNA viruses with linear genomes of approximately 150,000 base
pairs. HSV-1 and HSV-2 display approximately 50% nucleotide homology, and
each encodes for approximately 70 proteins (Taylor et al., 2002; Kimberlin, 2004a).
Of the eight human herpesviruses identified to date (HSV-1, HSV-2, cytomegalo-
virus, Epstein–Barr virus, varicella-zoster virus, and human herpesviruses 6, 7, and
8), HSV-1 and HSV-2 serve as the prototypes for the herpesviridae.

HSV-1 and HSV-2 can infect numerous cell types of both humans and animals.
Virus glycoproteins (g), especially gB and gD, interact with heparin sulfate mole-
cules on the host cell surface to initiate adherence to host cells and virus entry
(Taylor et al., 2002; Kimberlin 2004a). Upon infection of human cells HSV-1 and
HSV-2 replicate via a highly regulated molecular cascade involving host cell ele-
ments and immediate-early (alpha), early (beta), and late (gamma) genes encoded
by the viruses (Taylor et al., 2002). DNA replication and initial virus assembly
occur in the cell nucleus; the herpesviruses become enveloped as the virus particles
emerge through the nuclear membrane. The viral DNA encodes for several glyco-
proteins, as well as other polypeptides, that contribute to virus infectivity and
participate in host immune responses to the virus.

Acute primary maternal infection with HSV-1 or HSV-2 occurs without symp-
toms or causes localized disease of the oropharyngeal or genital areas. Either virus
can be detected at either site. When mucocutaneous replication continues unabated
in neonates, viremia ensues, leading to dissemination of HSV to numerous target
organs, including the brain, liver, or lung. Virus replication in host tissues produces
lytic infection and hemorrhagic necrosis. As with other members of the herpesvirus
family, HSV-1 and HSV-2 establish latent infections of host cells, typically sensory

Table 1

Morbidity and mortality in neonatal HSV infectionsa

Disease category Mortalityb (%) Morbidityc (%)

SEM 0 o5

Disseminated infection 50 25

CNS infection (encephalitis) �15 70

Congenital infection �30 >90

aAdapted from Kimberlin et al., 2001a; Whitley et al., 1980b; Hutto et al., 1987.
bPercent of HSV-infected infants who died by 1 year of age.
cPercent of the surviving infants with mild, moderate or severe ophthalmologic or neurodevelopmental

sequelae at 1 year of age (mild ¼ ocular sequelae, speech or mild motor delay; moderate ¼ hemiparesis,

epilepsy, o3-month developmental delay; severe—microcephaly, spastic quadriplegia, blindness/

chorioretinitis, >3-month developmental delay (see Kimberlin, 2001 for additional details)]
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neurons, and periodically reactivate, producing mucocutaneous lesions or systemic
disease (Taylor et al., 2002).

Epidemiology

The incidence of neonatal HSV infections ranges from 1 per 3000 to 1 per 40,000
live-born infants per year (Stone et al., 1989; Brown, 2004; Kimberlin, 2004a). This
corresponds to approximately 500–2000 HSV-infected infants annually in the
United States. In certain regions, such as Australia or the United Kingdom, the
incidence of neonatal HSV is lower, apparently because of a lower seroprevalence
of HSV-2 among women of child-bearing age (Brown, 2004; Freedman et al.,
2004). Approximately two-thirds of neonatal cases result from infections with
HSV-2, with the remainder due to HSV-1. During the past two decades the number
of neonatal infections due to HSV-1 has increased considerably (Roberts, 2005),
reflecting changing sexual behaviors and increasing numbers of women with genital
HSV-1 infections (Lafferty et al., 2000).

The seroprevalence of HSV-2, the more common cause of neonatal infection,
among women in the United States has risen steadily during the past three decades
(Fleming et al., 1997; Buchacz et al., 2000; Armstrong et al., 2001). Nearly 30% of
30-year-old men and women have serologic evidence of prior HSV-2 infection
(Fleming et al., 1997). Most seropositive persons have no history of genital herpes.
HSV-2 seropositivity among women in the United States is associated with
African-American race, Mexican-American ethnicity, poverty, greater lifetime
number of sexual partners, earlier age of sexual intercourse, and drug use (Fleming
et al., 1997; Sucato et al., 2001). Risk factors for HSV-2 acquisition by men include
not using condoms and having sex when the female partner has active genital
herpes (Rana et al., 2005).

Approximately 2% of adult women acquire HSV-2 annually (Fleming et al.,
1997; Buchacz et al., 2000; Lafferty et al., 2000; Armstrong et al., 2001). Primary
HSV-2 infection usually occurs without recognizable symptoms; up to 80% of
women with HSV-infected infants lack histories of genital herpes (Brown et al.,
1997; Kimberlin, 2004a). When primary HSV-2 infection occurs during pregnancy,
women have increased risks of spontaneous abortion, still birth, or premature labor
(Brown et al., 1997). Women can shed HSV-2 in the cervix asymptomatically after
primary or recurrent (reactivated) infections, exposing infants to HSV-2 during
passage through infected birth canals. Neonates can acquire HSV-1 during delivery
by contact with infected cervical secretions or less often, by postnatal contact with
persons with active oral HSV-1 infections. The majority of infants (>80%) acquire
HSV-1 or HSV-2 during the birth process (Brown, 2004; Kimberlin, 2004a);
postnatal infection causes approximately 10% of neonatal HSV infections. As
many as 40% of infants with neonatal HSV infections have had fetal scalp moni-
tors placed during labor and delivery (Sucato et al., 2001; Brown, 2004), suggesting
that this procedure facilitates virus entry and neonatal infection.
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Clinical features

Neonatal HSV infections are categorized into three clinical syndromes (Whitley
et al., 1980b; Koskiniemi et al., 1989; Kimberlin et al., 2001a; Kimberlin, 2004a,b):
(1) mucocutaneous infection (skin, eye and/or mouth (SEM) involvement without
obvious signs of disseminated or CNS disease), usually labeled SEM infection; (2)
disseminated infections, during which the virus affects numerous tissues or organs;
and (3) encephalitis with or without recognized skin lesions. Approximately 5–10%
of HSV-infected neonates have congenital infections (Montgomery et al., 1973;
Chalhub et al., 1977; Hutto et al., 1987; Grose 1994). Infants with either SEM or
disseminated infections usually become symptomatic at an average age of 10–12
days, whereas infants with encephalitis are an average age of �17 days at pres-
entation (Whitley et al., 1980b; Kimberlin et al., 2001a). However, signs or symp-
toms of HSV infections, especially those acquired in utero, can be evident on the
first day of life (Koskiniemi et al., 1989).

Skin, eye, and/or mouth infections

Mucocutanous infections currently account for approximately 45% of all neonatal
HSV disease (Kimberlin, 2004a). This proportion has risen coincident with im-
proved recognition and management of neonatal herpes (Whitley et al., 1988;
Kimberlin et al., 2001a). Infants with SEM infections can have conjunctivitis,
keratitis, or vesicular rash. The cutaneous rash consists of single lesions or clusters
of vesicles (Fig. 1), often appearing first on the presenting part of the infant
(i.e. face or head in vertex deliveries; buttocks in breech deliveries). Rarely, HSV
infection localizes to the laryngeal mucosa and produces stridor (Sharp et al.,
1998). Infants with pure SEM infections lack signs of systemic or neurologic in-
fections, such as hepatitis, pneumonitis, coagulopathy, seizures, or CSF abnor-
malities (Kimberlin, 2004a,b).

Disseminated disease

Disseminated HSV infections currently account for approximately 25% of neona-
tal HSV infections and begin with poor feeding, temperature instability, irritability,
or lethargy (Whitley et al., 1980b, 1988; Kimberlin et al., 2001a; Kimberlin, 2004a).
These signs and symptoms may be subtle during the early stages of infection and
mimic enteroviral or bacterial disease. Later signs of disseminated neonatal HSV
infection include fever, jaundice, tachypnea, petechiae, or vesicular rash, although
the absence of rash or fever does not eliminate HSV from consideration. As many
as 40% of infants with disseminated HSV infections do not have vesicular rashes
that might suggest HSV (Arvin et al., 1982; Kimberlin et al., 2001a). With disease
progression, hypotension, acidosis, cardio-respiratory failure, and organ dysfunc-
tion, such as liver or renal insufficiency, adrenalitis, pneumonitis, seizures, and dis-
seminated intravascular coagulopathy (DIC), may develop (Whitley et al., 1980b;
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Anderson, 1987; Kimberlin et al., 2001a). The presence of pneumonia is parti-
cularly concerning as these neonates can experience early respiratory failure and
have a more severe course (Meyer et al., 1997).

Encephalitis

Approximately 30% of neonates with HSV infections have encephalitis with or
without skin lesions (Whitley et al., 1980b; Arvin et al., 1982; Kimberlin, 2004a).
CNS manifestations, such as seizures, lethargy, or coma, can also be part of dis-
seminated neonatal HSV infections. The early signs of HSV encephalitis, like those
of disseminated infections, can be non-specific, consisting only of poor oral intake,
temperature instability, fussiness, or inactivity. As the disease progresses, neuro-
logic features, such as apnea, lethargy, coma, seizures, or hypotonia appear. More
than half of the infants with encephalitis have seizures, either partial (focal) or
generalized, and approximately 50% are lethargic (Kimberlin et al., 2001a).
Approximately two-thirds of infants with HSV encephalitis have skin vesicles
(Arvin et al., 1982; Kimberlin et al., 2001a); a small number have pneumonia or
conjunctivitis (Kimberlin et al., 2001a).

Congenital infection

Approximately 5% of HSV-infected neonates acquire the virus, typically HSV-2,
in utero (Hutto et al., 1987); roughly 1 of every 300,000 live born infants has

Fig. 1 Facial vesicular rash indicative of neonatal HSV infection (for color version: see color section on

page 262). (Photograph courtesy of Andrew Pavia, Division of Infectious Diseases, Department of

Pediatrics, University of Utah School of Medicine.)
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congenital HSV disease (Baldwin and Whitley, 1989). Infants with congenital HSV
infections closely resemble neonates with other intrauterine infections, especially
the fetal varicella syndrome (Grose, 1994; Cliff et al., 1997). HSV-infected infants
have a relatively characteristic disorder with vesicular skin lesions or scarring at
birth, chorioretinitis, cataracts, optic atrophy or microphthalmia, and micro-
cephaly, hydranencephaly, cystic encephalomalacia, or intracranial calcifications.
Approximately 60% of the infants have ophthalmologic abnormalities; 25% have
intrauterine growth retardation (Hutto et al., 1987). In rare instances, segmental
cutaneous scarring may be the only sign of intrauterine HSV infection (Cliff et al.,
1997), further underscoring the potential similarities between congenital HSV in-
fection and varicella embryopathy (Grose, 1994).

Laboratory studies and diagnosis

Routine laboratory studies

Infants with disseminated or CNS HSV infections can have thrombocytopenia,
hemolytic anemia, elevated serum transaminases, metabolic acidosis, or CSF ab-
normalities consisting of a mixed pleocytosis, xanthochromia, modest hypo-
glycorrachia, and an elevated protein content (Whitley et al., 1980b; Koskiniemi
et al., 1989; Kimberlin et al., 2001a). Infants with severe disseminated HSV in-
fections may have laboratory evidence of DIC, and chest radiographs may reveal
pneumonitis (Anderson, 1987). Infants with encephalitis have CSF abnormalities,
as above, and may have elevated serum transaminases, reflecting seeding of the
liver during hematogenous dissemination of the virus. By contrast, infants with
SEM infections, by definition, have normal laboratory studies.

Microbiologic studies

Infants with suspected HSV infection should undergo virus cultures at multiple
sites, including the conjunctiva, oropharynx, rectum, circulating leukocytes, CSF,
and skin. Neonatal infection can be confirmed by isolating HSV-1 or 2 from any of
these sites. Conjunctiva cultures have the highest yield (>90%) in neonatal HSV
infections; the yield of oropharyngeal cultures is less (�40%) (Kimberlin et al.,
2001a). Herpes simplex virus can be detected in CSF samples in 40–50% of infants
with CNS involvement (Koskiniemi et al., 1989; Kimberlin, 2001). HSV types 1 and
2 grow rapidly, usually enabling a specific diagnosis within 72–96 h. For maximum
sensitivity, cultures should be obtained prior to acyclovir treatment (however, CSF
PCR can remain positive for HSV DNA for 24–48 h or longer after initiation of
acyclovir therapy).

The diagnosis of HSV infection can be established specifically by studying
cerebrospinal, serum, or vesicle fluid using the PCR (Kimberlin et al., 1996a; Dia-
mond et al., 1999; Romero and Kimberlin, 2003). Emerging PCR methods can also
be used to distinguish HSV-1 and HSV-2 (Corey et al., 2005; Issa et al., 2005). The
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likelihood of detecting HSV in CSF depends greatly upon the category of infection.
In one study, positive CSF results were observed in 93% and 76% of the infants
with disseminated and CNS disease, respectively (Kimberlin et al., 1996a). Re-
markably, HSV DNA can also be detected in the CSF of approximately one-
quarter of the infants categorized as SEM infections. The latter data may explain
why occasional infants with SEM infections have neurodevelopmental sequelae, as
discussed further below. HSV DNA can be detected in the serum of approximately
two-thirds of neonates with proven HSV infections (Diamond et al., 1999; Malm
et al., 1999). Such data clearly indicate that negative PCR results must be inter-
preted cautiously.

Neurodiagnostic studies

Because neonatal herpes encephalitis results from hematogenous dissemination of
the virus to the brain, neurodiagnostic studies (electroencephalography (EEG),
computed-tomography (CT), or magnetic resonance imaging (MRI)) usually reveal
diffuse or multifocal abnormalities (Mizrahi and Tharp, 1982; Chang et al., 1990;
Bale, 1999). In the natural history study performed by the National Institutes of
Health-sponsored Collaborative Antiviral Study Group (CASG) 82% (36 of 44) of
the infants with neonatal HSV encephalitis had abnormal EEGs, and 65% (31 of 48
infants) had abnormal imaging studies compatible with HSV infection (Kimberlin
et al., 2001a). Early features of CNS involvement consist of brain edema (Fig. 2),
and infants who survive disseminated infection or HSV encephalitis may later show
cystic encephalomalacia, intracranial calcifications, or diffuse brain atrophy (Chang
et al., 1990). Infants with congenital HSV infections have intracranial calcifications
of the deep nuclei, cortical dysplasia, and cystic encephalomalacia (Hutto et al.,
1987; Bale, 1999).

Treatment

Prevention

In neonatal herpes simplex virus infections the majority of mothers (up to 80%) do
not recall having herpes infections, making prevention by obstetrical measures
complex (Leung and Sacks, 2003; Brown, 2004; Kimberlin, 2004a). Serologic stud-
ies employing type-specific assays can identify sexually active women at high risk
(i.e., HSV seronegative) as well as HSV-2 seropositive women who may benefit
from close monitoring for active genital herpes (Brown, 2004). However, serial viral
cultures in women with histories of genital herpes are not cost effective (Brown,
2004). Behavioral strategies, such as abstinence or condom use, that might reduce
acquisition of HSV by women during pregnancy have considerable appeal, but
such measures are difficult to implement (Brown, 2004).

Cesarean section can reduce the risk of HSV infection among infants born to
mothers with active HSV lesions or prodromal symptoms suggesting genital HSV
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infection (Brown, 2004; Kimberlin, 2004a). In a prospective study of >40,000
women Brown and colleagues reported that Cesarean section significantly reduced
the risk of neonate HSV infections among women from whom HSV was isolated
during labor (Brown et al., 2003). However, some infants acquire HSV despite
Cesarean section (Brown et al., 2003; Brown, 2004; Gallardo et al., 2005). Brown
and colleagues conclude that neonatal infections could also be reduced by limiting
the use of invasive fetal monitors in HSV-2 seropositive women and in women
shedding HSV at the time of delivery (Brown, 2004). Limited data regarding the use
of acyclovir during maternal HSV infections indicate that the drug modifies the
clinical course of maternal genital herpes (Greenspoon et al., 1994; Scott, 1999;
Scott et al., 2001, 2002; Brown, 2004); data are insufficient regarding an effect on
HSV transmission to the neonate (Brown, 2004). No vaccine is available to prevent

Fig. 2 Axial T2-weighted MRI shows diffuse loss of the cortical ribbon, especially posteriorly, indi-

cating cerebral edema secondary to neonatal HSV encephalitis.
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HSV infections, although modest efficacy has been observed with subunit vaccines
based on HSV-2 gD (Stanberry, 2004).

Pharmacologic treatment of neonates

In 1980, vidarabine (adenine arabinoside) was found to be beneficial in neonatal
herpes simplex virus infections in a randomized controlled trial (Whitley et al.,
1980a; Whitley, 1993). Approximately 10 years later, acyclovir (9-[(2-hydro-
xyethoxy)methyl]guanine) was shown to be equally effective when compared with
vidarabine in a multicenter, controlled trial of the CASG (Whitley et al., 1991a)
Acyclovir, a well-tolerated antiviral drug, relies upon an HSV-encoded thymidine
kinase to phosphorylate the drug to the active triphosphate form which inhibits
viral DNA replication in infected cells. Acyclovir, using 30mg/kg/day for 10–14
days, became the accepted approach in the early 1990s.

Because mortality and morbidity remained unacceptably high in severe dis-
seminated and CNS HSV infections in neonates despite treatment with acyclovir,
the CASG subsequently investigated the benefits of higher dose (60mg/kg/day
versus the previous standard of 30mg/kg/day) and longer duration (21 days in CNS
and disseminated infections versus 10–14 days) of acyclovir. An open labeled study
determined that infants with disseminated HSV infections had improved survival
when treated with high dose acyclovir (Kimberlin et al., 2001b), although mor-
bidity remained problematic. Currently, high-dose acyclovir is the standard for
treating infants with neonatal HSV infections (Kimberlin, 2001, 2004a; Kimberlin
et al., 2001a,b).

Infants with suspected or proven HSV infections should receive acyclovir
60mg/kg/day in divided doses every 8 h for 14 days if infections are SEM only and
for a minimum of 21 days if the infection is disseminated or involves the CNS
(Whitley, 1993; Kimberlin, 2004a). If the CSF has not been studied by culture or
PCR, infants require 21 days of treatment (Kimberlin, 2004a). Because high-dose
acyclovir therapy can cause marrow suppression and neutropenia, complete blood
cell counts should be monitored twice weekly during acyclovir therapy (Kimberlin,
2004a). Significant neutropenia (absolute neutrophil counts o500/ml) may require
reductions in the acyclovir dose or therapy with granulocyte colony-stimulating
factor.

Because improved outcome of neonatal HSV infections correlates with the
early initiation of acyclovir therapy, parenteral treatment should begin as soon as
the diagnosis of neonatal HSV infection is considered (Fig. 3) (Kimberlin, 2001;
Sucato et al., 2001). However, given the subtlety of the early features of neonatal
HSV infection, timely recognition of HSV infection remains a serious barrier for
improving outcome (Fidler et al., 2004; Handsfield et al., 2005; Kimberlin and
Whitley, 2005).

Infants who recover from neonatal HSV infections often have mucocutaneous
reactivations (Fig. 4). Infants who initially have skin–eye–mucous membrane in-
fections only and later experience three or more cutaneous reactivations have an
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-Close outpatient monitoring                
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Consider prophylaxis with Acyclovir 80mg/kg/day po div TID 
for 6-12 month (especially if recurrent skin lesions)
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Neonatal Care After Delivery

-Limited Evaluation*
- Close observation for 
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                                      skin lesions
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Fig. 3 Algorithmic approach to the diagnosis and management of suspected neonatal HSV infections.
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increased risk of long-term neurodevelopmental sequelae (Kimberlin et al., 2001a).
This presumably occurs because viremia develops during reactivations, and the
virus invades the CNS. To address this problem, the role of suppressive antiviral
therapy after treatment of neonatal HSV infections is being investigated. In pla-
cebo-controlled trials, oral acyclovir is administered to HSV-infected infants for six
months (Kimberlin et al., 1996b). Information regarding this and other trials of
HSV therapy can be obtained from the National Institutes of Health Collaborative
Antiviral Study Group, Birmingham, AL [(205) 934-5316]. Because myelosuppres-
sion and nephrotoxicity are potential side effects of prolonged acyclovir therapy,
laboratory studies should be obtained periodically.

Prognosis

The prognosis of neonatal HSV infection depends on the severity of the organ
involvement and the response to acyclovir therapy (Kimberlin, 2004a). Infants who
are detected early and treated aggressively with acyclovir generally fare better.
Adverse neurologic sequelae occur rarely in infants with disease restricted to the
skin, eyes, and mucous membranes (Whitley et al., 1980a; Whitley et al., 1991b;
Kimberlin et al., 2001a); none of the infants with SEM infections treated in the

Fig. 4 Recurrent HSV rash in a young infant with a history of neonatal HSV infection (for color

version: see color section on page 262). (Photograph courtesy of Andrew Pavia, Division of Infectious

Diseases, Department of Pediatrics, University of Utah School of Medicine.)
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acyclovir era have died. In nearly two decades of study by the CASG, 98% of the
infants (N ¼ 48) with SEM infections had normal development at 12 months of age.

By contrast, infants with encephalitis or disseminated disease have high rates of
mortality and morbidity even with appropriate antiviral therapy (Whitley, 1991b).
In the CASG studies, spanning nearly two decades 53% of the infants with dis-
seminated infections and nearly 13% of the infants with CNS infections (encepha-
litis) died despite acyclovir therapy (Kimberlin, 2001). Prematurity, seizures, and
lethargy are clinical factors associated with higher mortality rates. Only 30% of the
infants who survived HSV encephalitis (13 of 43) and 75% of infants who survived
disseminated infections (18 of 24) were normal at 1 year of age (Kimberlin, 2001).
Among infants who survive CNS or disseminated HSV infections, seizures are
associated with a higher likelihood of adverse outcomes.

Infants with congenital HSV infection have high rates of death and permanent
neurodevelopmental sequelae (Hutto et al., 1987; Grose, 1994). In the study of
Hutto and colleagues, �30% of the infants with intrauterine HSV infections died,
and none were developing normally at 2 years of age (Hutto et al., 1987). Sequelae
include cerebral palsy, epilepsy, developmental delay and blindness.
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Abstract

Human herpes viruses (HHV) 6 and 7 are two of three recently identified members
of the human herpes virus family. They infect most of the human population by
early childhood and exhibit properties similar to other herpes viruses including life-
long infection, asymptomatic shedding and periodic reactivations during periods of
immune suppression, which may or may not be clinically relevant. The asympto-
matic shedding, mainly in the saliva, is the major source of transmission, and hence
a formidable barrier to disruption of transmission. These viruses cause self-limited
infections in immunocompetent individuals, but have been associated with serious
morbidity and mortality in immunocompromised hosts, especially HHV-6B. Pa-
tients with immunosuppression may be treated with manipulation of the immune
system and use of antiviral medications. No vaccine candidate is being currently
studied for either of the two viruses.

The viruses

Salahuddin et al. (1986) first isolated the human herpes virus (HHV) 6 from pe-
ripheral blood leukocytes of patients with lymphoproliferative diseases. In 1988,
HHV-6 was linked to the childhood illness, roseola or exanthem subitum aka the
sixth disease (Yamanishi et al., 1988). The virus measures 160–200 nm in diameter
with a capsid of 90–110 nm and a genome of 162–162 kb (Braun et al., 1997;
Campadelli-Fiume et al., 1999; Abdel-Haq and Asmar, 2004; Grose, 2004; De
Bolle et al., 2005) (Image 1). A major research focus has been the five identified
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glycoproteins of which glycoprotein H (gH) is thought to meditate viral entry and
virus-induced cell fusion. HHV-6 utilizes gH to bind to a wide variety of cells
through the widely distributed cell surface CD46 receptor but preferentially CD4+
T lymphocytes (Mori et al., 2002, 2003; Santoro et al., 2003). Molecular, biological
and immunological differences between various isolates have resulted in two dis-
tinct variants: A (prototype strains are U1102 and GS) and B (prototype strains are
Z29 and HST). Further comparison of the genome of HHV-6A and 6B sequences
indicates between 95% and 98% homology in the middle portion of the genome
with subsequent sequential decrease in the region of termini and immediate-early-1
region where divergence reaches 31% at the nucleotide level (Dominguez et al.,
1999; Isegawa et al., 1999). Because of considerable differences, some researchers
feel that they should be classified as two separate viruses (Ablashi et al., 1991;
Aubin et al., 1993). Persistent infection with HHV-6 may involve true latent state
(monocytes and early bone marrow progenitor cells) and a low-level chronic rep-
lication (salivary glands and brain tissue). HHV-6B has also been found in kidneys
and genital secretions (Braun et al., 1997; Campadelli-Fiume et al., 1999; Ohashi et
al., 2002; Abdel-Haq and Asmar, 2004; De Bolle et al., 2005).

Analysis of different genes and regions of HHV-6 variants show that intra-
strain variation exists in DR regions (Thompson et al., 1994; De Bolle et al., 2005).
This may account for reinfection with the same variant.

Frenkel et al. (1990) isolated HHV-7 after observing a cytopathic effect in
culture of activated CD4+ T lymphocytes from healthy individuals. HHV-7 is
170 nm in diameter with a viral genome of 145 kb, which encodes for 84 different
proteins including two major capsid proteins (Image 2). It shows homologies to

Image 1 HSB-2 cell lines are infected with HHV-6 (GS strain) and processed for electron microscopy at

day 6. Arrows show HHV-6 capsids in the nucleus. Partially enveloped virus can be seen in the remains

of the cytoplasm. With permission from Dr. Janos Luka, Ph.D, associate professor, Department of

Pathology, Eastern Virginia Medical School (1993 to present). http://herpesvirus.tripod.com/gallery/

pictures/electro/0001.jpg
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HHV-6 and cytomegalovirus (CMV). Cell-surface receptor, CD4+ is necessary but
not sufficient for infection and the virus persistently infects CD4+ T lymphocytes
and salivary glands, and in HIV-infected individuals, macrophages (Lusso et al.,
1994). However, the persistent, productive state of HHV-7 infection in the salivary
glands contrasts with the latent infection that occurs in mononuclear cells. Asymp-
tomatic shedding of HHV-7 DNA occurs in saliva, cervical secretions, mononu-
clear cells and breast milk (Fujisaki et al., 1998).

Both of these viruses belong to the beta subgroup of the human herpesviridae

family along with human CMV, and share the common characteristics of con-
taining double-stranded linear DNA, causing frequent human infections (except for
HSV-2 and HHV-8) (De Bolle et al., 2005), and subsequently establishing the
latency. This is followed by asymptomatic shedding and frequent reactivations
when immune systems are stressed.

Epidemiology and pathogenesis

Humans are the only known hosts for HHV-6 and -7, although macaques and other
monkey species have been successfully infected under experimental conditions

Image 2 Electron microscopic picture of a patient’s liver biopsy showing HHV-7 engulfed by a large

lysosome. With permission from Dr. Janos Luka, Ph.D, associate professor, Department of Pathology,

Eastern Virginia Medical School (1993 to present). http://herpesvirus.tripod.com/gallery/pictures/

electro/hhv-7liver2.JPG
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(Yalcin et al., 1992). A minority of HHV-6 infections, 1–2%, are deemed to be
acquired in utero based on the encounter of viral DNA in the cord blood and other
studies (Adams et al., 1998; Hall et al., 2004; Weinberg et al., 2005). However,
transmission occurs primarily after birth via infected oral secretions with variant
B causes the majority of early childhood infections, which are symptomatic. During
the first few months of life, actively transported maternal antibodies may play a role
in protecting most newborns against HHV-6 and -7 infections, along with other
currently unknown factors (Ohashi et al., 2001; Sugimoto et al., 2002). Maternal
antibodies against HHV-6 decline by 5–7 months of life, after which the infants start
acquiring HHV-6B infection rapidly. Half of them acquire the infection in the
second 6 months of life with the peak occurring between 9 and 21 months of life. It
is unclear when infection with HHV-6A occurs, as it is typically asymptomatic.
Maternal antibodies against HHV-7 decline slightly later and most of the children
acquire HHV-7 by 3 years of age. Epidemiological serological surveys reveal that
more than 95% of the adults in developed countries have been infected with HHV-6A
and B and HHV-7, though antibody titers decline with age (De Bolle et al., 2005).
Reinfections with similar variants of HHV-6 have been documented by genotypic
analyses and may be related to intra-strain variation as reported earlier. The in-
cubation period for HHV-6 is postulated to be between 7 and 14 days during which
the child has asymptomatic viremia, followed by clinical illness in more than 90%
of the children (Braun et al., 1997; Campadelli-Fiume et al., 1999; Abdel-Haq and
Asmar, 2004; De Bolle et al., 2005). The major route of transmission for HHV-7, is
oral secretions, and probably but less common, breast milk. Its incubation period
is currently unknown (Pickering, 2003; Hall et al., 2004).

The role of these viruses in causing immunosuppression via downregulation of
CD4+ T lymphocytes warrants more research, as secondary complications are still
rare considering the widespread infections.

Clinical presentation

Congenital infection with HHV-6 differ from post-natal infections in terms of being
mainly asymptomatic, demonstrating viral reactivation in 10% at birth, and fre-
quent persistence of HHV-6 DNA in follow-up blood samples. One-third of con-
genital infections are HHV-6A (Hall et al., 2004). Sporadic cases of exanthema
subitum, fulminant hepatitis, fatal pneumonitis with immunodeficiency and sei-
zures with adverse outcome have been reported in the neonatal period, albeit rare
(Knox et al., 1995; Mendel et al., 1995; Lanari et al., 2003; Yoshikawa et al., 2004).
HHV-7 has not been associated with congenital and neonatal infections (Hall et al.,
2004; Weinberg et al., 2005).

The majority of HHV-6B infections occur between the ages of 6 and 24 months,
and are symptomatic. They includes an undifferentiated febrile or an afebrile illness,
exanthem subitum or an afebrile exanthema subitum (Braun et al., 1997; Campadelli-
Fiume et al., 1999; Abdel-Haq and Asmar, 2004; De Bolle et al., 2005; Ward, 2005).
This has been recently reconfirmed by Zerr et al. (2005) who prospectively followed
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a cohort of 277 children from birth through 2 years with weekly testing
of saliva for HHV-6. HHV-6 has also been associated with myelodysplastic syn-
drome, hemophagocytic syndrome, infectious mononucleosis, thrombocytopenia
with and without purpura and in more rare instances, dilated cardiomyopathy and
acute lymphadenitis including Rosai–Dorfman diseases (a rare, benign, pediatric
lymphadenopathy) (Levine et al., 1992; Saijo et al, 1995; Syruckova et al., 1996;
Yoshikawa et al., 2001; Hashimoto et al., 2002; Maric et al., 2004; Kagialis-Girard
et al., 2005). Recently, a case of acute respiratory distress syndrome secondary to
HHV-6 pneumonia has been described in an immunocompetent young female
(Merk et al., 2005). HHV-6 has also been implicated in chronic fatigue syndrome
without clear proof.

Roseola, which was first described by Zahorsky in 1913, typically involves fever
up to 39–401C for 2–4 days (may last up to 7 days), followed by a rash lasting from
few hours to 4 days (Zahorsky, 1954). The rash may be papular, macular or mac-
ulopapular. Other associated findings may include diarrhea, Nagayama spots
(papules on soft palate and uvula), otitis media, cough, cervical adenopathy,
edematous eyelids, bulging fontanelle and seizures (Braun et al., 1997; Campadelli-
Fiume et al., 1999; Abdel-Haq and Asmar, 2004; Grose, 2004; De Bolle et al.,
2005).

HHV-6 has also been implicated in many different manifestations of central
nervous system (CNS) illnesses including afebrile and febrile seizures, encephalitis,
temporal-lobe epilepsy and infantile bilateral striatal necrosis, among others (Wil-
born et al., 1994; Boutolleau et al., 2005; Murakami et al., 2005; Ward et al., 2005).
However, considerable differences exist in the estimates of CNS disease attributed
to HHV-6 especially in healthy children with primary HHV-6 infection, with recent
studies pointing to a much lower prevalence rate (Ansari et al., 2004). Although
variant A is thought to be more neurotropic, HHV-6B-associated acute encepha-
litis have been recently reported in immunocompetent adults (Birnbaum et al.,
2005; Boutolleau et al., 2005; Isaacson et al., 2005). Active HHV-6 infection has
also been found in patients with progressive multifocal leukoencephalopathy
(PML) along with JC polyoma virus. It is suggested that HHV-6 may be a cofactor
in causing PML in patients with impaired cell-mediated immunity (Daibata et al.,
2001; De Bolle et al., 2005). The role of HHV-6 in multiple scelerosis, Guillain
–Barre syndrome and acute disseminated encephalomyelitis remains controversial
and is being studied further (Kamei et al., 1997; Fotheringham and Jacobson, 2005;
Opsahl and Kennedy, 2005).

In immunosuppressed patients, especially transplant recipients, HHV-6 infec-
tion has associated with a wide variety of clinical manifestations. They include
fever, rash, pneumonitis, encephalitis, bone marrow suppression, delayed platelets
engraftment, hemophagocytic syndrome, cardiomyopathy, thrombotic micro-
angiopathy and bronchiolotis obliterans (Carrigan et al., 1991; Drobyski et al.,
1993; Chan et al., 1997; De Almeida Rodrigues et al., 1999; Karras et al., 2004;
Boeckh et al., 2005; Neurohr et al., 2005; Savolainen et al., 2005). The incidence of
such manifestations varies between 32% (range, 0–82%) for solid organ transplant
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(SOT) recipients and 48% (range, 28–75%) for bone marrow transplant patients.
The majority of such HHV-6 infections, mostly due to reactivation of HHV-6B,
occur between 2 and 4 weeks post-transplantation. Less frequently, primary HHV-6
infection occurs in the setting of transmission of the virus in donor tissue or in-
fection by a different HHV-6 strain (Chan et al., 1997; Boeckh et al., 2005; Sa-
volainen et al., 2005). Another postulated role for HHV-6 is the increased CMV
reactivation in SOT, either alone or in conjunction with HHV-7 (DesJardin et al.,
2001; Humar et al., 2002; De Bolle et al., 2005).

Drug-induced hypersensitivity syndrome (DIHS) is a severe multi-organ system
reaction caused by specific drugs. Many reports have revealed reactivation of
HHV-6, HHV-7, Ebstein–Barr virus and CMV in DIHS. Several patients with
DIHS have been treated with intra-venous immunoglobulin (IVIG) and systemic
corticosteroids with encouraging clinical results. However, virus reactivation was
not suppressed and hence causal relationship is not clearly established (Kano et al.,
2005; Mitani et al., 2005).

The pathogenesis and disease association of HHV-7 have, to date, been poorly
described, except for exanthem subitum, especially the second episode, a non-
specific illness, encephalitis and postinfectious myeloradiculoneuropathy in normal
hosts (Ueda et al., 1994; Chan et al., 1997; Pickering, 2003; Mihara et al., 2005;
Ward, 2005).

Diagnosis

Multiple testing methods are available to detect the presence of HHV-6 and 7 in
humans and include immunoglobulin M (IgM) and IgG, mainly by EIA, polym-
erase chain reaction (PCR) including real-time analysis, detection of viral antigens
and viral culture (Images 3 and 4). Positive testing includes the presence of IgM
and/or four-fold rise in IgG and positive antigenemia, PCR or shell–vial culture
(Braun et al., 1997; Campadelli-Fiume et al., 1999; Pickering, 2003; Abdel-Haq and
Asmar, 2004; Grose, 2004; Ward, 2005). Antibody testing for HHV-6 does not
differentiate between the two variants. Virus isolation from blood is not practical,
though it may be attempted by cultivating the patient’s peripheral blood mono-
nuclear cells in the presence of phytohemagglutinin for 3–6 days and then co-
cultivated with similarly stimulated cord blood lymphocytes. Saliva has been used
as a preferred specimen both for viral isolation and PCR. PCR for HHV-6 com-
monly use the following sequence for primers and probes: 50 AAG CTT GCA CAA
TGC CAA AAA ACA G (17627–17603), 50 AAC TGT CTG ACT GGC AAA
AAC TTT T (17405–17429), and 50 AAC TGT CTG GCA AAA ACT6 TTT
(17516–17492), and for HHV-7: 50 TAT CCC AGC TGT TTT CAT ATA GTA
AC, 50 GCC TTG CGG TAG CAC TAG ATT TTT TG and 50 AGA ATT CTG
TAC CCA TGG GCA CAT TTG TAC (Gopal et al., 1990; Berneman et al., 1992).

Given the fact that HHV-6 and 7 reactivate under many conditions of bio-
logical stresses along with reactivation of other herpes viruses and cause elevations
in IgM and IgG antibodies, the interpretation of such testing should be done

A. Ansari, A. Weinberg42



cautiously when attempting to establish the etiologic diagnosis of clinical mani-
festations. Serial quantitative PCR, performed on serum or cerebrospinal fluid, has
been increasingly used in immunocompromised hosts, in whom a primary infection
or reactivation may be associated with disease (Boutolleau et al., 2005; Pradeau et
al., 2005).

Treatment

Infections with HHV-6 and 7 are self-limited in healthy individuals, and require only
supportive treatment as indicated. However, treatment should be considered in
immunocompromised individuals, and possibly DIHS and hemophagocytic syn-
drome. This may include manipulating the immune system, and use of antiviral
drugs and possibly IVIG (Chen et al., 1995; Pickering, 2003; Abdel-Haq and Asmar,
2004; Grose, 2004; Kano et al., 2005). Steriods have also been used in DIHS (Kano
et al., 2005). However, none of these interventions have been studied in a ran-
domized-controlled manner.

For HHV-6, a treatment pattern similar to CMV exists in that HHV-6 is in-
hibited by acyclovir at considerably higher levels than those required for the treat-
ment of HSV-1, -2 and VZV. Ganciclovir is active in inhibiting DNA synthesis by
inhibiting the binding of deoxyganosine triphosphate to DNA polymerase, due to
the homologue of CMV pUL97, U69 found in HHV-6, which monophosphorylates
the drug. Also active are foscarnet, an inorganic phosphatase which inhibits viral
DNA polymerase and cidofovir (CDV), a cytosine analog, which targets viral
DNA polymerase and prevents transcription (Ansari and Emery, 1999). In vitro

data suggest that lipid ester analogs of CDV are more potent inhibitors of HHV-6
than CDV alone (Williams-Aziz et al., 2005). Ganciclovir seems an appropriate

Image 3 Peripheral blood lymphocytes isolated on Ficoll from a patient with roseola infantum (caused

by HHV-6) and stained with monoclonal antibody to gp 60/110. Approximately 2–3% of the cells are

positive for HHV-6 antigens. With permission from Dr. Janos Luka, Ph.D, associate professor, De-

partment of Pathology, Eastern Virginia Medical School (1993 to present) (for color version: see color

section on page 263). http://herpesvirus.tripod.com/gallery/pictures/imfluo/ar202.JPG
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Image 4 SUP-T1 cell line infected with HHV-7 and stained at day 7 with monoclonal antibodies to gp 110 envelop antigen. With permission from Dr. Janos

Luka, Ph.D, associate professor, Department of Pathology, Eastern Virginia Medical School (1993 to present) (for color version: see color section on page 264).
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first-line antiviral for now. The use of these antivirals may be limited by their
adverse effects including dose-dependent neutropenia and thrombocytopenia with
ganciclovir, and nephrotoxicity with foscarnet and CDV.

Evidence indicates that HHV-7 is not inhibited by ganciclovir, though foscarnet
and CDV may be used if indicated (Razonable et al., 2005). The literature on their
uses in such instances is scarce.

Newer antivirals including maribavir, BDCRB and the 4-oxo-dihydroxyquinol-
ones, effective against CMV, are not active against HHV-6 and 7 (Townsend et al.,
1995; Thomsen et al., 2003; Wang et al., 2003).

Prevention

Infections with these viruses are currently not preventable. Though standard pre-
cautions have not been studied in the prevention of these infections, they should be
practiced at all health care encounters. Antiviral prophylaxis for CMV in solid
organ transplant recipients, with oral ganciclovir and valganciclovir, has been
shown to reduce HHV-6B, but not HHV-7 DNAemia, though its implications are
not clear (Razonable et al., 2005). Also, the lower dose of ganciclovir, used in
prevention of CMV infection may facilitate development of resistance in these
viruses. Ganciclovir resistance has been experimentally facilitated in HHV-6
(Manichanh et al., 2001). Currently, there are no vaccines in development.
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Abstract

Chickenpox is rare in pregnancy. However, the disease must be considered to lead
occasionally to disastrous maternal, fetal, and neonatal diseases. By contrast, the
appearance of normal zoster is not associated with special problems during preg-
nancy and perinatal period. Pregnant women who contract varicella are at risk of
severe pneumonia and death. At any stage during pregnancy, chickenpox may
cause intrauterine infection. The consequences for the infant depend on the time of
maternal disease. During the first two trimesters, maternal varicella may result in
congenital varicella syndrome which has been reported in nearly 2%. Maternal
infection near term is associated with a substantial risk of intrauterine acquired
neonatal chickenpox in the newborn infant, who can develop the clinical picture of
serious disseminated varicella with visceral involvement. The present paper reviews
the clinical consequences as well as the current possibilities of diagnosis, prevention
and therapy of varicella-zoster virus infections during pregnancy.

Varicella-zoster virus

Chickenpox (varicella) was rarely recognized until the sixteenth century. The name
is thought to be derived from the Old English gican, meaning ‘‘itch’’. While shingles
(herpes zoster) has been recognized as a unique clinical entity, varicella was differ-
entiated from smallpox by the English physician Heberden in 1767. The relation-
ship between chickenpox and shingles was first noted in 1898 by the Hungarian
pediatrician Bokay. In 1952, the American virologists Weller and Stoddard first
isolated the etiologic agent of varicella and zoster, the varicella-zoster virus (VZV),
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in cell cultures from varicella vesicle fluid. Weller had been able to establish in 1958
that there were no biologic and immunologic differences between the viruses iso-
lated from patients with varicella and subsequent zoster. In 1974, a live-attenuated
varicella vaccine was established by a Japanese group under Takahashi after iso-
lating and attenuating the virus from a child with chickenpox named Oka. Straus
proved in 1984 the identity of viral DNA by using the restriction endonuclease
analysis.

The VZV is a member of the Alphaherpesvirinae subfamily within the family
Herpesviridae. The spherical, 120–300 nm large particle of virus consists of a linear
double-stranded DNA genome with about 125,000 base pairs and an icosahedric
capsid composed of 162 capsomers. This nucleocapsid is surrounded by the
tegument made up of glycoproteins as well as a trilaminar glycoprotein- and lipid-
containing envelope. VZV cannot be distinguished from other herpesviruses elec-
tron microscopically. Some VZV genes have homologues in the genome of herpes
simplex virus (HSV). Anti-VZV drugs such as aciclovir act on the virus-encoded
thymidine kinase and DNA polymerase. There is only one serotype of VZV, and
little antigenic variations have been noted between different isolates. VZV particles
are exceedingly labile. Growth is highly cell-associated and almost exclusively re-
stricted to cells of human and simian origin.

Epidemiology and consequences of varicella-zoster virus infections during pregnancy

Seroepidemiology

VZV is spread by respiratory transmission or direct contact with infectious lesions.
Seronegative persons are at risk of primary infection manifest as varicella. Ac-
cording to a seroepidemiological study in Germany, the prevalence of VZV-specific
IgG class antibodies increases from 7 to 61% after the first to fifth year and reaches
94% among the 8–9 years olds. Among the more than 40 years olds, only isolated
individuals are susceptible to VZV (Wutzler et al., 2001). Seroepidemiological
studies performed between 1973 and 2002 in different industrial countries revealed
that up to 26% of women of reproductive age do not possess VZV-specific IgG
class antibodies (Table 1). Women from tropical and subtropical areas are more
likely to be seronegative for VZV IgG and are, therefore, more susceptible to the
development of chickenpox (Garnett et al., 1993). However, although only 3–4% of
women of child-bearing age in Germany were found to be susceptible to primary
VZV infection (Wutzler et al., 2001), the number of women, who become pregnant
without any protection against chickenpox, is about 20,000–30,000 per year (Sa-
uerbrei and Wutzler, 2004a). In early reports, the average incidence of varicella in
pregnant women was calculated as 0.7 per 1000 pregnancies (Sever and White,
1968; Stagno and Whitley, 1985), but the current rates appear to be higher (2–3 per
1000 pregnancies) (Enders and Miller, 2000). Even though chickenpox is a rare
event during pregnancy, the disease must be considered to lead occasionally to
disastrous maternal and fetal diseases (Table 2).
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Maternal varicella

At any stage during pregnancy, chickenpox may cause intrauterine infection.
Maternal varicella resulting in viremia may transmit the virus into the fetus by
either transplacental spread, or by ascending infection from lesions in the birth
canal (Birch et al., 2003). Furthermore, direct contact or respiratory droplet can
lead to infection after birth. The consequences for the infant depend on the time of
maternal disease. They range from asymptomatic infection to fetal loss especially in
case of severe maternal disease. Pregnant women who contract varicella are at risk

Table 1

Seroprevalence of varicella-zoster virus (VZV) in women of reproductive age

Country Year of the

study

Age of women

(years)

Prevalence of

VZV-specific

antibodies (%)

Reference

United States 1975 Parturient

women

91 Gershon et al.

(1976)

Israel 1973/1976 17–40 74.1–81.3 Leventon-Kriss

et al. (1978)

Czechoslovakia 1972/1981 15–19 93.8

Adults 97.5–100 Trlifajová et al.

(1989)

Germany 1982/1983 18–39 93.3 Schneweis et al.

(1985)

Germany 1984 16–40 94.8 Enders (1984)

Germany 1990 17–36 93.2 Sauerbrei et al.

(1990)

St Lucia,

Carribean

island

1993 18–39 (adults) 18–60 Garnett et al.

(1993)

United

Kingdom

1991 15–40 >90–>97 Fairley and

Miller (1996)

Australia 1995 20–34 78–97 Chant et al.

(1998)

Germany 1995/1998 18–39 96.7 Wutzler et al.

(2001)

Spain 1996 15–34 95.3 Salleras et al.

(2001)

Belgium 1999/2000 25–34 94.9 Thiry et al.

(2002)

Finland 2000 Parturient

women

96.2 Alanen et al.

(2005)

Ireland 2002 Pregnant

women

83.9–88.7 Knowles et al.

(2004)
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of pneumonia associated with life-threatening ventilatory compromise and death.
The disease seems to occur more often in the third trimester (Smego and Asperille,
1991). However, gestational age at onset of maternal disease was not identified as a
significant risk factor for VZV pneumonia in a recently published multivariable
logistic regression analysis (Harger et al., 2002a). In principle, varicella pneumonia
is the most common serious maternal complication in pregnancy. Since no reliable
prospective studies on the incidence of VZV pneumonia in pregnant women are
available, the frequency of this complication remains largely unknown. On the
basis of retrospective hospital-based studies, an incidence of 10–20% among adults
with chickenpox was reported (Smego and Asperille, 1991; Baren et al., 1996). But
data from population-based studies suggest that the risk of hospitalization for VZV
pneumonia in adults is below 8% (Guess et al., 1986; Choo et al., 1995).

According to data from the literature, primary VZV infection during the first
two trimesters of pregnancy may result in intrauterine infection in up to a quarter
of the cases (Paryani and Arvin, 1986; Prober et al., 1990; Enders et al., 1994;
Liesnard et al., 1994). As result, spontaneous abortions have been reported. But the
rate of abortion following acute varicella did not exceed the rate of abortion in
pregnant women without chickenpox (Paryani and Arvin, 1986; Pastuszak et al.,
1994). Thus, the observed abortions do not necessarily result from maternal chick-
enpox. A congenital varicella syndrome (CVS) can be expected in about 12% of
infected fetuses (Prober et al., 1990). On the basis of prospective studies in Europe
and North America, the incidence of embryopathy and fetopathy after maternal
varicella infection in the first 20 weeks of pregnancy is estimated to be about 1–2%

Table 2

Varicella-zoster virus infections and their potential consequences during pregnancy

Maternal

disease

Timing during pregnancy Consequences for mother, fetus,

term neonate

Varicella At any stage Intrauterine death, neonatal or

infantile zoster

5–20th (24th) weeks Congenital varicella syndrome

(risk: 2%, mortality: 30%)

At any stage, especially in the

3rd trimester

Maternal pneumonia (risk:

10–20%, mortality: 10–45%)

Near term: X5 days before

delivery

Neonatal varicella at ages 10 (–12)

days (risk: 20–50%, mortality: 0%)

Near term: p4–5 days before

to 2 days after delivery

Neonatal varicella 0–4 days after

birth (risk: 20–50%, mortality:

0–3%); neonatal varicella 5–10

(–12) days delivery after birth (risk:

20–50%, mortality: 20–25%)

Normal zoster At any stage No risk for severe maternal, fetal or

neonatal infections
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(Enders et al., 1994; Pastuszak et al., 1994). The latest prospective study from the
United States has confirmed this low frequency of the CVS (Harger et al., 2002b).

Neonatal varicella can be expected if a mother contracts chickenpox during the
last 3 weeks of pregnancy. After maternal varicella between 4 and 5 days before and
2 days after delivery, generalized neonatal varicella leading to death in up to 20%
of the cases may occur, since these infants have not acquired protecting antibodies
(Sauerbrei and Wutzler, 2001).

Maternal and infantile herpes zoster

On the basis of current knowledge, zoster during pregnancy is not associated with
birth defects (Enders et al., 1994; Sauerbrei and Wutzler, 2000). In addition, ma-
ternal zoster during the perinatal period does not cause problems for newborn
infants (Miller et al., 1989) as the infants possess specific maternal IgG class an-
tibodies and there is usually no longer viremic spread of VZV unless the women is
immunocompromised.

Nearly 20% of infants with intrauterine-acquired VZV primary infection de-
velop neonatal or infantile zoster, usually with uncomplicated course (Sauerbrei
and Wutzler, 2003). The disease is thought to represent reactivation of the virus
after primary infection in utero. The relatively short viral latency period may be
explained by the immature cell-mediated immune response in young children.

Varicella pneumonia

Although chickenpox is much less common in adults than in children, the infection
is associated with greater morbidity, namely pneumonia, hepatitis, and encepha-
litis. The varicella pneumonia in pregnancy must be regarded as a medical emer-
gency (Frangidis and Pneumatikos, 2004). The clinical course is unpredictable and
may rapidly progress to hypoxia and life-threatening respiratory failure. Retro-
spective studies suggest that varicella pneumonia may be more severe, although not
more frequent, in pregnant compared to non-pregnant women (Harris and Rhoa-
des, 1965). A case control study of 18 pregnant women with varicella pneumonia
and 72 pregnant controls with varicella but no pneumonia found that smoking and
the occurrence of at least 100 skin lesions were risk factors for the development of
pneumonia (Harger et al., 2002a).

The disease usually develops within 3–5 days of the rash. Predominant signs
and symptoms are cough, dyspnea, fever, and tachypnea. Additionally, cyanosis,
pleuritic pain in the chest, and hemoptysis have been observed. Secondary bacterial
infections occur frequently. The chest X-ray findings include a diffuse or miliary/
nodular infiltrative pattern often in the peribronchial distribution involving both
lungs (Haake et al., 1990). In the general population, varicella pneumonia has a
mortality of 10–20%. However, in untreated pregnant women the mortality rate is
in excess of 45%. These data may reflect a bias toward reporting of more severe
cases during pregnancy (Nathwani et al., 1998). More recent studies suggest that
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the mortality of varicella pneumonia has decreased to 10–11% for both non-preg-
nant and pregnant patients most likely due to the effects of antiviral therapy and
better respiratory management (Chandra et al., 1998). Nevertheless, the risk of
fatal varicella appears to be about fivefold higher in pregnant than in non-pregnant
immunocompetent adults. The estimated case fatality rate in pregnancy is 1 per
2000 (Enders and Miller, 2000).

In case of suspected varicella pneumonia, a laboratory diagnosis is necessary
for reason of differential diagnosis. As method of choice, the polymerase chain
reaction (PCR) should be used to detect viral DNA in broncho-alveolar lavage.

Congenital varicella syndrome

Definition, frequency, and pathogenesis

After reviewing the literature, the CVS has not been so rarely reported as formerly
assumed. This syndrome has been variously referred to as ‘‘fetal varicella syndrome’’,
‘‘congenital varicella-zoster syndrome’’, ‘‘varicella embryo-fetopathy’’, ‘‘varicella em-
bryopathy’’ and ‘‘varicella fetopathy’’. Finally, the term ‘‘fetal varicella-zoster syn-
drome’’ has been proposed in view of the pathogenesis of this condition as well as for
the clear differentiation from ‘‘congenital varicella’’ occasionally used for intrauter-
ine-acquired ‘‘neonatal varicella’’ (Higa et al., 1987; Birthistle and Carrington, 1998).

Since the first report by Laforet and Lynch (1947), nearly 130 infants born with
signs of CVS have been described in the English, German, and French literature
(Boumahni et al., 2005; Sauerbrei and Wutzler, 2005). Because most cases of CVS
have been reported during the last 10–15 years, it can be concluded that many cases
of this syndrome were formerly not seen in connection with chickenpox during
pregnancy. On the basis of the described data about the incidence of varicella and
the risk of CVS, there are at least 10 infants with varicella embryo-fetopathy to be
expected in Germany per year. Mustonen et al. (2001) reported four neonates with
neurological manifestations of apparent congenital VZV infection but with no
maternal clinical disease during pregnancy. The diagnosis was made serologically,
whereas both the antigen detection and the PCR were negative.

CVS has generally to be expected after maternal chickenpox between the 5th
and 24th gestational weeks. Nearly 80% of all cases have been observed between
the 9th and 20th weeks of gestation. Before the 5th and after the 24th gestational
weeks, the probability of CVS is extremely low.

The route of fetal infection is considered to be transplacental. Ascending in-
fection from the epithelium of the cervix uteri is also conceivable (Birch et al.,
2003). Pathogenic mechanisms leading to several organ injuries of CVS are in close
relationship with the neurotropic nature of VZV and the immature immune system
of the unborn infant. On the basis of the segmental distribution of some of the
signs, especially the skin lesions, it was postulated that the CVS is not the imme-
diate consequence of intrauterine varicella, but caused by intrauterine zoster-like
VZV reactivations with accompanying encephalitis (Higa et al., 1987). In a recently
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published case report, a widespread non-productive VZV infection has been de-
scribed in non-neural fetal tissues within 2 weeks following the onset of chickenpox
in the mother (Nikkels et al., 2005). Immunologic studies suggest that the fetus is
not able to mount a VZV-specific cell-mediated immune response (Grose, 1989).

Clinical picture

The characteristic clinical findings consist of skin lesions in dermatomal distribu-
tion (Fig. 1), neurological defects, eye diseases, and/or limb hypoplasia (Table 3).
Less-frequent abnormalities include muscle hypoplasia, affections of the internal
organs as well as gastrointestinal, genitourinary, and cardiovascular manifesta-
tions. There were only small differences regarding the dependence of symptoms on
the onset of maternal chickenpox. In early infection, neurological defects and limb
hypoplasia have been more frequently described than skin lesions and eye diseases
which were dominant when maternal disease occurred later. No relationship has
been reported in the literature between the number of clinical features, the ges-
tational age of maternal varicella and the immune response in the infant (Enders
and Miller, 2000). Nearly 30% of infants born with signs of CVS died during the
first months of life. A follow-up report in the literature demonstrates that in spite of
initially poor prognosis a good long-term outcome can be observed in patients with
CVS (Schulze and Dietzsch, 2000).

Diagnosis

Most cases of CVS have been only reported on the basis of clinical symptoms
including skin lesions, neurological defects, eye diseases, and limb hypoplasia

Fig. 1 Female stillborn with cicatricial skin lesions involving the left side of chest, axilla, and shoulder

as well as hypoplasia of the left upper limb after maternal varicella between the 13th and 15th gestational

weeks (for color version: see color section on page 265).
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without laboratory evidence of intrauterine infection (Table 4). However, the
causal relationship between maternal varicella infection and congenital abnormal-
ities would be most convincingly verified by detection of the virus, viral antigens or
viral DNA in the infant. With the use of PCR and nucleic acid hybridization
assays, VZV DNA can be detected in fetal or infantile tissue samples, fetal blood,
cerebrospinal fluid, and/or amniotic fluid (Scharf et al., 1990; Michie et al., 1992;
Sauerbrei et al., 1996). At present, molecular biological methods should be reg-
ularly included in the diagnosis of CVS. In particular, cases presented with rare
malformations or after subclinical maternal VZV infection need confirmation by
virological methods, otherwise the causal relationship between maternal infection
and congenital abnormalities remains doubtful (Al-Katawee et al., 2005). Cyto-
morphological methods for identifying VZV infections (Tzanck stain) need con-
siderable experience for interpretation and do not differentiate between HSV and
VZV (Sauerbrei et al., 1999). The detection of virus-specific antibodies in newborns
may usually also confirm a suspected prenatal infection with VZV. Serologic di-
agnosis is mostly based on the persistence of VZV-specific IgG class antibodies
beyond 7 months of life when maternal antibodies should normally have disap-
peared (Gershon et al., 1976; Akisu et al., 2003). The presence of virus-specific IgM
has only been reported in about one quarter of the CVS cases (Sauerbrei and
Wutzler, 2000). Although IgM seems to be produced in small amounts by the fetus,
the detection rate depends significantly on sensitivity of enzyme immunoassays,

Table 3

Main symptoms of infants with congenital varicella syndrome cited in the literature

Symptoms Children

(n ¼ 125)

n %

Skin lesions (cicatrical scars, skin loss) 90 72

Neurological defects or diseases (cortical atrophy, spinal cord

atrophy, limb paresis, seizures, microcephaly, Horner’s syndrome,

encephalitis, dysphagia)

78 62

Eye diseases (microphthalmia, enophthalmia, chorioretinitis,

cataract, nystagmus, anisocoria, optic atrophy)

66 53

Limb hypoplasia and other skeletal anomalies 55 44

Intrauterine retardation 28 22

Gastrointestinal abnormalities 25 20

Muscle hypoplasia 24 19

Genitourinary abnormalities 15 12

Affections of internal organs 15 12

Developmental delay 14 11

Defects of the cardiovascular system 9 7

Defects of other organs 9 7
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which are most frequently used to detect VZV-specific IgM. Unlike in cases of
intrauterine rubella or cytomegalovirus infection, VZV has not been isolated in
cell cultures from any infant with CVS. To establish a relationship between ma-
ternal VZV infection and congenital anomalies of infant, the following criteria
should be used:

(i) Appearance of maternal varicella during pregnancy
(ii) Neonate or fetus with

� congenital skin lesions in dermatomal distribution and/or
� neurological defects
� eye diseases
� limb hypoplasia

(iii) Proof of intrauterine VZV infection by
� detection of viral DNA using PCR and/or
� presence of specific IgM/persistence of IgG beyond 7 months of age
� appearance of zoster during early infancy.

Concerning differential diagnosis, a variety of defects and clinical symptoms
described in infants with CVS may also occur in other congenital infections which
should therefore be excluded by means of virological, serological, and cytogenetic
studies. Neurological defects and eye diseases are typical of congenital infections
caused by rubella virus, cytomegalovirus, and Toxoplasma gondii (Koskimies et al.,
1978). Symptoms, especially skin lesions, similar to CVS can also be diagnosed
after primary HSV infections during early pregnancy (Johansson et al., 2004).
Intrauterine transmission of coxsackie viruses during the late pregnancy may lead
to varicella-like congenital skin lesions (Sauerbrei et al., 2000). Congenital skin

Table 4

Evidence of intrauterine varicella-zoster virus (VZV) infection in cases of congenital varicella syndrome

cited in the literature

Diagnostic criteria Children (n ¼ 128a)

n %

Persistence of VZV-specific IgG 30 23

VZV-specific IgM 28 22

Zoster in early infancy 22 17

Viral DNA and/or antigens in fetal tissues 6 5

Viral DNA in cerebrospinal fluid 5 4

Viral DNA in amniotic fluid 2 2

No laboratory evidence of intrauterine VZV infection 51 40

aIn 13 (10%) cases, more than one diagnostic criterion has been used for evidence of in utero VZV

infection.
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defects in dermatomal distribution and microphthalmia represent the cardinal
symptoms of a specific genetic disorder called MIDAS (Microphthalmus, Dermal
Aplasia, Sclerokornea) syndrome. It is due to a partial deletion of the short arm
from chromosome X, with consecutive monosomy Xp22.3 (Spranger et al., 1998).

Zoster and congenital malformations

Concerning a relationship between maternal zoster and CVS, there are some re-
ports of infants with congenital malformations being born to mothers with a his-
tory of zoster during the first 12 weeks of pregnancy (Webster and Smith, 1977;
Brazin et al., 1979). But, in none of these cases was the diagnosis of shingles proven
by laboratory investigation, and no case showed laboratory evidence of intrauter-
ine infection with VZV. In a large prospective study of 366 pregnant women with
zoster in pregnancy, no infants had clinical evidence of intrauterine infection
(Enders et al., 1994). This confirmed the expert opinion: zoster in pregnancy does
not cause fetal sequelae.

Neonatal varicella

Definition, frequency, and pathogenesis

During the perinatal period, maternal varicella can infect the baby by (i) trans-
placental viremia, (ii) ascending infection during birth, or (iii) respiratory droplet/
direct contact with infectious lesions after birth. Chickenpox occurring in the first
12 days of life is described as intrauterine-acquired neonatal varicella. The disease
can be expected if a mother contracts chickenpox during the last 3 weeks of preg-
nancy. Intrauterine-transmitted neonatal chickenpox has been occasionally re-
ferred to as ‘‘congenital varicella’’ or ‘‘neonatal varicella syndrome’’ (Sauerbrei and
Wutzler, 2001). These terms should be avoided, since they do not allow a clear
differentiation from the CVS caused by maternal chickenpox in the first two tri-
mesters.

Varicella within the first 12 days of life has to be caused by intrauterine trans-
mission of VZV because of the incubation period which is usually calculated as
14–16 days; however, it can range from 10 to 21 days. Clinical observations suggest
that the incubation period of intrauterine-transmitted varicella from the beginning
of maternal varicella rash to the onset of rash in the newborn infant is about 12
days, but it can be reduced to few days (Meyers, 1974; Enders and Miller, 2000). On
the basis of these data, chickenpox after the 10th (–12th) day of the neonatal period
is most likely not transmitted by intrauterine infection, but it is acquired by post-
natal VZV infection.

Neonatal varicella was first recognized by Hubbard (1878). To date, hundreds
of cases have been reported (Sauerbrei and Wutzler, 2001). After maternal varicella
between 2 weeks ante partum and 2 days post partum, the risk of neonatal chick-
enpox is generally calculated as 20–50% (Hanngren et al., 1985; Prober et al.,
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1990). On the basis of this data and the described incidence of varicella, there is a
maximum of 30 neonatal chickenpox cases to be expected in Germany per year.

Clinical course

The severity of intrauterine-acquired neonatal chickenpox is closely related to the
time of onset of maternal infection as transplacentally transmitted antibodies may
reduce the severity of symptoms in the newborn. Generalized neonatal varicella
leading to death is much more likely to occur if mothers develop the varicella rash
between 4 (–5) days before and 2 days after delivery (Meyers, 1974; Sterner et al.,
1990; Sauerbrei and Wutzler, 2001). After maternal varicella during this period, a
fatal outcome (Fig. 2) has been reported in about 20% of the cases (Table 5). These

Fig. 2 Female neonate with lethal neonatal varicella (for color version: see color section on page 266).
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infants have been exposed to maternal viremia without having acquired protecting
antibodies. In addition, the cell-mediated immune response of the neonate is likely
insufficient to retard the hematogeneous dissemination of VZV after transplacental
spread (Baba et al., 1982).

Furthermore, there is a close relationship between the prognosis of intrauterine-
acquired neonatal varicella and the onset of disease in the newborn infant. A fatal
outcome is thus more likely if the neonatal disease occurs between 5 and 10 (–12)
days after delivery. To our knowledge, 23% of the infants reported in the literature
died from a disseminated and fulminant infection (Table 5). In comparison, neo-
natal varicella within the first 4 days after birth has usually been found to be
comparatively mild. Its mortality is calculated as 3% (Sauerbrei and Wutzler,
2001).

Fetuses exposed to VZV between 20 and 6 days before delivery may also de-
velop neonatal chickenpox however with non-fatal course. These infants get ma-
ternal antibodies and have therefore a lower risk of complications.

Neonatal varicella acquired by postnatal infection has a low morbidity rate
(Heidl, 1985) as most neonates are protected by maternally derived antibodies.
Complications are rarely observed. However, premature infants younger than 28
weeks gestation or below 1000 g birth weight are at an increased risk for severe
varicella during the first 6 weeks after birth (Advisory committee on immunization
practices, 1996; Deutsche Gesellschaft für Pädiatrische Infektiologie, 2003). It has
been suggested that they have got no protecting maternal antibodies because of the
reduced gestation period. However, transplacental IgG antibody transfer has been
documented before 28 weeks gestation in several studies (Van der Zwet et al., 2002;
Leineweber et al., 2004). Neonatal VZV IgG titers were predominantly predicted
by maternal VZV IgG titers (Van der Zwet et al., 2002).

Table 5

Prognosis of neonatal varicella without antiviral treatment in 136 term infants cited in the literature

(Sauerbrei and Wutzler, 2001)

Day of rash onset Cases

Non-fatal (%) Fatal (%)

Mother

X5a (n ¼ 57) 57 (100) 0

4a—2b (n ¼ 79) 65 (82) 14 (18)

Neonatec

0–4d (n ¼ 35) 34 (97) 1 (3)

5–10d (n ¼ 47) 36 (77) 11 (23)

aDays before delivery.
bDays after delivery.
cData of 54 neonates have not been described.
dDays after birth.
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Diagnosis

The diagnosis of neonatal varicella is usually based on the typical clinical picture.
In case of intrauterine-acquired neonatal varicella, the characteristic point in time
and the maternal history of chickenpox during the last weeks of pregnancy have to
be considered. Serological methods have been widely used to confirm the clinical
diagnosis of neonatal varicella. However, the detection of virus-specific antibodies
is not useful for early diagnosis. In addition, cross-reactions to HSV have to be
considered in most antibody assays with VZV-infected cells as antigen, probably
based on the known antigenic cross-reactivity of VZV and HSV glycoproteins B
(Krah, 1996). Therefore, PCR should be used as method of choice for laboratory
diagnosis of VZV infection (Sauerbrei et al., 1999). Where molecular biological
methods are not available, immunofluorescent VZV-specific antigen staining in
vesicle specimens can be recommended (Dahl et al., 1997). As patient materials
serve skin swabs or biopsies, liquor specimens, and tissue samples. The differential
diagnosis includes HSV and enterovirus infections (Gershon, 1998; Sauerbrei et al.,
2000).

Prophylaxis and therapy

Varicella occurring at every time of pregnancy

An effective prophylaxis of chickenpox in pregnant women is only possible by
active immunization of seronegative women before pregnancy. A live-attenuated
varicella vaccine has been shown to be safe and effective in preventing chickenpox
in adults (Gershon and Steinberg, 1990). Varicella vaccine, as all live-attenuated
vaccines, is contraindicated in pregnant women. Pregnancy has to be avoided for at
least 4 weeks following vaccination. Seronegative women undergoing infertility
treatment or those presenting for preconceptual counseling may be offered vac-
cination in the United States and some European countries (Royal College of
Obstetricians and Gynecologists, 2001). The Pregnancy Registry, managed by the
Merck Research Laboratories (United States) in collaboration with the Centers for
Disease Control and Prevention (United States), records women who exposed to
varicella vaccine during pregnancy or within 3 months before conception. Prelim-
inary results show no hints to any birth defects related to vaccine exposure (Shields
et al., 2001). In a case report was documented that the varicella vaccine virus was
transmitted from a vaccinated 12-month-old boy to his pregnant mother who
subsequently developed chickenpox. After an elective abortion between the seventh
and eighth weeks of gestation, no virus was detected in the fetal tissue (Salzman et
al., 1997). The pregnancy of a mother has also not been regarded as contraindi-
cation for the vaccination of her non-protected child (Robert Koch-Institut, 2005).

Vaccinated persons can develop mild varicella that occurs 42 days after vac-
cination and represents wild virus infection. These cases have been referred to as
breakthrough. The rates vary between 1 and 4% per year independent of time since

Varicella-Zoster Virus Infections during Pregnancy 63



immunization (Watson, 2002). Most breakthrough diseases are very mild, the in-
fectivity is relatively low and there is a low or no risk for complications (Vázquez
and Shapiro, 2005). Therefore, the risk for CVS from breakthrough varicella can be
regarded as considerably lower than that for CVS in unvaccinated women with
varicella. However, since data about the risk for CVS after breakthrough varicella
are not available to date, measures should be considered as in unvaccinated women
who develop varicella. But the atypical presentation makes it difficult to diagnose
isolated breakthrough cases clinically.

Pregnant women have to be advised to avoid exposure to chickenpox and zoster
if the individual is non-immune or has an uncertain serologic status. VZV-specific
IgG antibodies should be measured without delay in pregnant women exposed sig-
nificantly to VZV and with a negative or indeterminate history of varicella (Fig. 3).
Significant exposure means: (i) household contact, (ii) face-to-face contact for at
least 5min, or (iii) indoors contact for more than 15min (Royal College of Ob-
stetricians and Gynecologists, 2001). A woman has to be regarded as susceptible, if
no antibodies can be detected or there is an indeterminate or unknown status of
immunity. Antibodies detected within 7–10 days of contact must have been acquired
before exposure. In case of negative, indeterminate or unknown serologic status, the
administration of varicella-zoster immune globulin (VZIG) within 72 (–96) h has
been recommended (Royal College of Obstetricians and Gynecologists, 2001; Robe-
rt Koch-Institut, 2004). The prescribed dose administered intramuscularly is 125U/

Varicella in the first 2 trimesters

Congenital varicella syndrome

Varicella at any stage of 
pregnancy, especially 

in the 3rd trimester

Maternal varicella pneumonia

Varicella ≤5 days ante partum
to 2 days post partum

Neonatal varicella

Delaying the birth
Newborn:
• VZIG
• 2 weeks under surveillance in the
  hospital
• On suspicion of neonatal varicella:
  aciclovir
Isolation of mother and newborn

Monitoring pregnancy
Prenatal diagnosis:
• Ultrasound, MRI (16.-22. weeks of gestation)
• Detection of VZV DNA in fetal blood,
  amniotic fluid or placental villi
• Detection of VZV IgM in fetal blood
Termination of pregnancy if there are
significant signs of fetal abnormalities

After exposure to VZV, detection of VZV IgG in women with negative or indeterminate history of varicella
Administration of VZIG in women with negative, indeterminate or unknown VZV immunity status

Administration of aciclovir at first signs of varicella pneumonia or other disseminated VZV infections

Fig. 3 Measures in case of varicella during pregnancy depending on point of time of infection. MRI,

magnetic resonance imaging, VZIG, varicella-zoster immune globulin, VZV, varicella-zoster virus.
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10kg of body weight, up to a maximum of 625U (Advisory committee on immu-
nization practices, 1996) or 0.5ml/kg of body weight (Sauerbrei and Wutzler,
2004b). As alternative, 1ml/kg of body weight can be administered intravenously
(Sauerbrei and Wutzler, 2004b). This cost-intensive prophylactic measure has not
been undisputed in the literature (Unger-Köppel et al., 1985). Although passive
immunization may theoretically reduce the risk of fetal infection, there is no ev-
idence that this prevents fetal viremia or CVS. In a prospective study, there was no
case of CVS or zoster during infancy in 97 pregnancies where maternal varicella
occurred despite VZIG administration to the mother post exposure before 36 weeks
of gestation (Enders et al., 1994). However, there is a case report of CVS in a woman
who received VZIG (Pastuszak et al., 1994). But in this case, VZIG was admin-
istered 4 days following exposure where neither the dosage nor the antibody con-
centration of the VZIG preparation were mentioned by the authors. Therefore, the
primary reason for VZIG is to prevent severe chickenpox and complications in the
mother. If there is a definitive past history of chickenpox, it is reasonable to assume
that the woman is immune to varicella.

Pregnant women, who were adequately vaccinated with two doses should be
regarded as immune to varicella because 99% of persons become seropositive after
the second dose of vaccination (Kuter et al., 1995). Thus, following exposure,
routine serologic testing and administration of VZIG are not considered necessary.
Furthermore, currently used enzyme immunoassays may be too insensitive to de-
tect vaccine-induced VZV-specific IgG antibodies (Sauerbrei and Wutzler, 2004c).
On the other hand, sensitive fluorescent antibody to membrane antigen (FAMA)
assay or tests for the determination of the cell-mediated immune response are too
laborious and/or time-consuming for daily routine. Nevertheless, if a vaccinated
pregnant woman was tested VZV IgG-negative, she should be managed as an
vaccinated seronegative pregnant woman without varicella vaccination. However,
in most cases, seronegative vaccinees should have acquired VZV-specific cell-me-
diated immunity.

The administration of VZIG will not uniformly prevent chickenpox in suscep-
tible contacts who have significant exposure. But it will attenuate the severity of
disease and prevent complications (Ogilvie, 1998). VZIG has no therapeutic benefit
once chickenpox has developed. Women who have had exposure to chickenpox
regardless of whether or not they have received VZIG should contact their doctor
as soon as possible if a rash develops (Nathwani et al., 1998). Indications for
referral to hospital include the development of chest symptoms, neurological
symptoms, hemorrhagic rash or bleeding, a dense rash with or without mucosal
lesions, and significant immunosuppression (Royal College of Obstetricians and
Gynecologists, 2001). If there are risk factors for the development of pneumonia
(Harger et al., 2002a), hospital assessment should be considered. At first signs of
varicella pneumonia or other disseminated infections, an antiviral treatment has
immediately to be introduced.

As the only therapeutic agent, aciclovir (10mg/kg every 8 h intravenously for 10
days) is indicated in pregnant women. The United Kingdom Advisory Group on
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Chickenpox recommends that oral aciclovir be prescribed for pregnant women with
chickenpox if they present within 24 h of the onset of the rash and if they are more
than 20 weeks of gestation (Royal College of Obstetricians and Gynecologists,
2001). Results from the aciclovir-in-pregnancy registry do not show teratogenic
effects of the drug (Andrews, 1994). Comparable data have been reported for the
oral administration of valaciclovir (Enders and Miller, 2000), whereas no data
about other nucleoside analogous compounds such as famciclovir and brivudin
during pregnancy are available. As aciclovir is not officially approved for the
treatment of pregnant women, patients should be informed about the limited in-
formation and give consent before the drug is used. To date, there are no controlled
studies concerning antiviral chemotherapy in preventing CVS.

Varicella occurring at the first and second trimester

Mothers with varicella during the first or second trimester should be carefully
monitored because an intrauterine infection may lead to CVS. Fetal ultrasound at
16–22 weeks gestational age or 5 weeks after infection can identify signs of CVS
(Pretorius et al., 1992) (Fig. 3). Most lesions of thoracic, abdominal and retro-
peritoneal viscera, limb involvement, and even dermatologic features have been
described to be apparent on ultrasonography (Verstraelen et al., 2003). However,
involvement of the central nervous system, including cerebellar hypoplasia, was not
apparent on ultrasound examination, but was clearly demonstrated by prenatal
magnetic resonance imaging (MRI). Therefore, MRI should be included into pre-
natal diagnosis of CVS. Laboratory investigations for VZV DNA in placental villi,
fetal blood, or amniotic fluid and for VZV IgM in fetal blood are only indicated if
suspicious fetal abnormalities can be seen on ultrasound or MRI (Pretorius et al.,
1992). In one observational study, 9 (8.4%) out of 107 women who developed
chickenpox before 24 weeks gestation had VZV DNA detected in the amniotic fluid
(Mouly et al., 1997). Five of these 9 women subsequently delivered normal infants.
No case of CVS occurred when amniocentesis was negative for VZV DNA. Thus,
one should be aware that the presence of VZV DNA does not necessarily correlate
with fetal disease. The question of how severely the fetus is affected cannot yet be
answered definitely. This and the low risk of CVS should be considered in coun-
seling women with varicella in early pregnancy. Termination of pregnancy is only
indicated if there are definitive signs of serious fetal abnormalities.

An antiviral treatment of neonates with CVS has been described in few cases
(Wutzler et al., 1990–1991, Sauerbrei et al., 2003; Schulze-Oechtering et al., 2004).
According to clinical observations, aciclovir therapy may be helpful especially to stop the
progression of eye diseases or to prevent neurological diseases after VZV reactivations.

Varicella during the perinatal period

After maternal chickenpox during the last weeks of gestation longer than 5 days
before the delivery, neonatal varicella may occur, however, the newborns do

A. Sauerbrei66



usually not develop any complications. For this reason, passive immunization or
antiviral treatment are mostly not necessary in these cases. If maternal chickenpox
is observed between 4 (–5) days before and 2 days after delivery, there is a risk of
severe varicella for the neonate within the first 12 days of life. To reduce the
mortality from neonatal chickenpox, the date of delivery may be postponed for
several days by means of tocolysis to allow maternal antibodies to pass the pla-
cental barrier (Fig. 3). However, there are only few published case reports which
describe successfully the delay of labor when neonatal varicella must be expected
(Paulman and McLellan, 1990; Zieger et al., 1994). Tocolytic treatment is possible
by means of intravenous medication of fenoterolhydrobromide or atosiban. But, an
efficacy cannot always be achieved if the treatment is performed after beginning
of labor.

VZIG given intravenously at a dosage of 1ml/kg (Deutsche Gesellschaft für
Pädiatrische Infektiologie, 2003) or intramuscularly at a dosage of 125U (Advisory
committee on immunization practices, 1996) or 0.2 (–0.5) ml/kg, maximally 5ml
(Deutsche Gesellschaft für Pädiatrische Infektiologie, 2003) is indicated for neon-
ates whose mothers have signs and symptoms of varicella between 5 days pre
partum and 2 days post partum. The Department of Health Joint Committee on
Vaccination and Immunisation (United Kingdom) recommends passive immuni-
zation for a period between 7 days before and 2 days after delivery (Miller, 1994)
and the Committee on Infectious Diseases of the American Academy of Pediatrics
(United States) recommends VZIG for infants whose mothers develop chickenpox
between 5 days before and 3 days after delivery (Prober et al., 1990). However,
VZIG is probably not necessary for neonates whose mothers have sings of varicella
>5 days before or >2 days after delivery, because those infants are not at risk of
severe neonatal varicella. Hospitalized-premature infants, younger than 28 weeks
gestation or below 1000 g birth weight, who are exposed to VZV, have to receive
VZIG, regardless of the maternal history of chickenpox as these infants may not
have acquired maternal antibodies (Advisory committee on immunization prac-
tices, 1996). Following treatment, these newborns should be under surveillance in
the hospital for 2 weeks, i.e. to the end of incubation period (Prober et al., 1990;
Deutsche Gesellschaft für Pädiatrische Infektiologie, 2003). When a neonate who
has received VZIG is discharged home, it must be made clear to the parents that
prompt hospital review should be undertaken if the baby becomes unwell or de-
velops rash. It is generally accepted that passive immunization of the newborn can
modify beneficially the clinical course of neonatal varicella but it does not prevent
the disease and, although decreased, the risk of death is not eliminated (Holland et
al., 1986; King et al., 1986; Sauerbrei, 1998). Normal immunoglobulin preparations
for intravenous use (IVIG) also provide sufficient amount of antibodies against
VZV. Hence, IVIG could be used for the purpose if VZIG is not available (Huang
et al., 2002).

On suspicion of neonatal chickenpox, aciclovir therapy should be administered
promptly at a dosage of 10–15mg/kg every 8 h intravenously for 5–7 days. Pro-
phylactic intravenous aciclovir can prevent neonatal varicella or reduce the severity
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of the disease markedly (Carter et al., 1986). To date, well-controlled studies on the
use of aciclovir in newborns have not been reported. Mothers and newborns
suffering from or being at risk of varicella have to be isolated on maternity wards.
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Introduction

Acquired immunodeficiency syndrome (AIDS) was first reported in the United
States in 1981, and has established a worldwide epidemic. AIDS is caused by
human immunodeficiency virus (HIV), which selectively kills cells of the immune
system that are important to prevent disease due to infectious agents. There are
more than 40 million people now living with HIV worldwide. There were 3 million
HIV-related deaths in 2003, indicating that HIV has emerged as a major cause of
death due to an infectious agent.

Etiologic agent

There are two major subtypes of HIV, HIV-1 and HIV-2. It is believed that HIV-1
arose from a strain of SIV in chimpanzees (SIV cpz) while HIV-2 arose from a
strain of SIV from the sooty mangabey monkey (SIV-SM). Both HIV-1 and HIV-2
are members of the genus Lentivirinae of the family Retroviridae. Retroviruses are
spherical enveloped, positive strand RNA viruses with diameters of about
80–120 nm. The infectious virions contain two copies of a single-stranded genomic
RNA about 7–11 kb in length. The RNA is surrounded by viral enzymes and
structural proteins forming a nucleocapsid and a matrix shell. A lipid envelope
derived from the host cell membrane and studded with viral proteins lies to the
outside of the matrix shell. Viral glycoprotein (gp) oligomers are found inserted
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into the membrane. This helps mediate absorption to receptors located on a suit-
able host cell and penetration of the host membrane (Schupbach and Gallo, 2000).

The HIV-1 genome is comprised of nine genes, three of which are common
to other retroviruses and six of which are unique to HIV-1. The common genes
include 50-gag-pol-env-30. The gag gene directs the synthesis and assembly of
the structural precursor protein gag that is processed via the protease gene to form
inner structural proteins (nucleocapsid, matrix and capsid proteins) that are present
in the mature infectious virions. The pol gene encodes the enzymatic proteins
including protease (PR), reverse transcriptase (RT) and integrase (IN). These en-
zymes are required to generate mature inner structural proteins by processing of
the gag precursor protein (PR), to produce viral DNA from RNA template (RT)
and to allow the double-stranded (ds) viral DNA to integrate into the host
genome prior to the transcription of viral mRNA (IN). The envelop gene encodes
for a precursor protein (gp160) that is processed by cellular proteases to yield
the surface (SU) lipoprotein gp120 that determines cell tropism (by attaching to
CD4 receptors and other co-receptors) and the gp41 protein that is a trans-
membrane protein that is also involved in viral entry into cells, and play a role in
cellular fusion.

Pathogenesis

Following infection with HIV, a flu-like syndrome may develop within days to
weeks, although some individuals may be asymptomatic. Primary HIV infection
includes fever, fatigue, lympadenopathy and sometimes a macular rash. Symptoms
may last for days to several weeks. Most individuals are asymptomatic for several
months to several years following the primary infection. Despite this apparent
latency, there is continuous viral replication and over time, progressive reduction in
the T-helper lymphocytes.

The natural history of HIV-1 infection involves a continuous process wherein
immune dysfunction and the loss of CD4-bearing cells begin at infection and pro-
gressively increase over time (Dawson and Mushahwar, 2005). Eventually, the
immune system is impaired and the individual becomes susceptible to opportunistic
infections. The time for infection to the development of frank AIDS may range
from several months to 15 or more years. Typically patients with high levels of
HIV-1 replication and a high viral load experience more rapid disease progression
than those in whom viral replication is contained.

HIV enters susceptible cells by the specific affinity interaction between the outer
envelope gp120 of HIV and the CD4 molecule present on the surface of both T
helper/inducer lymphocytes and monocytes (Phupuakrat et al., 2005) Alternatively,
HIV may gain entry into cells by phagocytosis, independent of CD4 on the cell
surface. Following entry, reverse transcriptase (RT) catalyzes the synthesis of dou-
ble-stranded HIV DNA, which enters the nucleus and integrates into the host
cellular DNA. The virus may then initiate replication or, alternatively, assume a
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latent state. Latently infected cells may later be activated in the presence of certain
cytokines.

The first HIV genes to be expressed are those that encode for regulatory
functions that enhance RNA transcription and affect the transport of spliced tran-
scripts into the cytoplasm (Green, 1991). These transcripts encode for the HIV
structural and enzymatic proteins necessary for the production of infectious progeny.
As the replication cycle is completed, the HIV-infected cell may be destroyed
as a direct result of the viral products, or because of the effects of viral building on
the cellular membrane, completing of gp120 and CD4 molecules intracellularly, or
the accumulation of toxic viral products such as unintegrated viral DNA (Rosenberg
and Fauci, 1991; Panteleo and Fauci, 1996). Alternatively, CD4 cells may be
killed indirectly by antibody dependent cellular cytotoxicity, complement-mediated
cell lysis, or vial syncytial formation with other CD4-bearing cells (Rosenberg and
Fauci, 1991).

Among the factors that allow HIV to persist are the heterogeneity of the virus,
both within a given individual and between populations of infected individuals
(Panteleo and Fauci, 1996) and the ability of HIV to evade the host immune system
by establishing a latent infection (Levy et al., 1987), or by replicating in monocyte/
macrophage cells after being organized (Robinson et al,. 1988).

The key event in the initiation and progression of HIV disease is the selective
destruction of CD4 bearing T cells (T helper/inducer cells). The T helper/inducer
CD4+lymphocyte population may be reduced from approximately 1000� 106

cells/ml to approximately 200–400 106 cells/ml (Panteleo and Fauci, 1996). As the
numbers of T helper cells decrease, an immune impairment ensues that renders the
host susceptible to disease caused by organisms usually held in check by
the host’s immune system. Most of the illnesses and death attributed to HIV in-
fection are due to opportunistic infectious by organisms such as Pneumocystis

carinii (pneumonia), Toxoplasma gondii (toxoplasmosis), Crpytococcus neoformans

(cryptococcal meningitis), Mycobacterium avium (pneumonia, lymphadenopathy,
diarrhea), Cytomegalovirus (retinitis, espophagitis), and Histoplasma capsulatum

(histoplasmosis, pulmonary infection, disseminated infections).
Infection with HIV-2 may also lead to the development of AIDS (Clavel, 1987;

D’Aquila, 1996). However, the immunologic impairment in HIV-2 infected indi-
viduals appears to be less severe than with HIV-1, and the disease progression is
much slower.

Recent studies (Derdeyn and Silvestri, 2005) suggest that the pathogenesis of
HIV infection and AIDS involved two distinct phases. During acute infection,
massive depletion of CD4+, CCR5 memory T cells with the mucosal associated
lymphoid tissue lead to major and potentially irreversible damage to CD4+T-cell-
mediated immune functions. The emergence of potent, but ultimately ineffective
cell-mediated and humoral response to HIV lead to the chronic phase of infection,
which is characterized by partial control of viral replication, chronic immune ac-
tivation, progressive decline of the naive and memory T cell pool and systemic
CD4+T-cell depletion (Derdeyn and Silvestri, 2005).
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Current evidence (Almehmi et al., 2005) suggests that HIV infection may im-
pair the hepatic cytochrome oxidase system, which could lead to an aberration in
porphyrin metabolism and subsequently cause porphyria.

Transmission

Transmission of HIV occurs by sexual intercourse (via semen or vaginal secre-
tions), by breast-feeding, by parenteral routes (blood transfusion, intravenous drug
use, or infusion of blood products by hemophiliacs) and by perinatal exposure
(in utero or via the colostrum). Worldwide, nearly 4 million children under the age
of 15 years of age have been infected with HIV, and in the year 2003 alone
an estimated 700,000 children were newly infected, most via mother to child trans-
mission (UNAIDS WHO. Epidemiological Update December 2003. Geneva;
UNAIDS WHO, 2003). The time from exposure to the virus until the development
of a detectable antibody response is generally believed to be about 6–12 weeks.
Following primary infection, individuals may either remain symptomatic or de-
velop mononucleosis-type illness (Panteleo and Fauci, 1996). During this initial
phase of infection, HIV-1 frequently produces a viremia resulting in the detection
of antigenemia (Paul et al., 1987), concomitant with or preceding the development
of IgG class and sometimes IgM class antibodies against HIV proteins.

Current estimates indicate that over 40 million persons have been infected with
HIV-1 and nearly 16,000 new infections occur worldwide each day based on World
Health Organization (WHO) reports. HIV-1 is the predominant HIV type through-
out the world, and HIV-2, a less-spread type and mostly found in West Africa
(D’Aquila, 1996; Soriano et al., 2000). Other areas of high prevalence of HIV-2
include parts of India and Portugal. HIV-2 appears to be less pathogenic than HIV-
1 with a prolonged period of asymptomatic infection and slower rates of disease
progression reflecting a low rate of vertical transmission (D’Aquila, 1996; Reeves
and Doms, 2002).

HIV variants

Phylogenetic analyses have classified HIV-1 strains into three different groups:
M that is responsible for the HIV-1 pandemic, O (outlier) and N (non-M/non-O).
O and N strains are mainly found in West Africa. HIV group M strains are sub-
divided into 9 different subtypes (subtype A to D, F to H, J and K), and also into at
least 15 circulating recombinant forms such as B/F, A/F, G/A, B/D, F/B, A/D
(URF), D/A, and A/E (CRF) (Kuiken et al., 2000). In North America and Western
Europe, subtype B is the most prevalent HIV-1 variant. However, a rapid spread of
non-B variants have been reported in these countries (Holguin et al., 2005). This
has been attributed mainly to population movement, such as migration, travel and
high-risk behavior of HIV-1 infectious individuals from various parts of the world
where these variants are highly prevalent.
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The highly genetic variability of HIV-1 is driven by rapid viral turnover in the
HIV infected individual, by a high error rate of the RT, and by the presence of viral
RNA as a dimer and by selective immune pressure (Heyndrickx et al., 2000).

So far, seven HIV-2 subtypes have been described (Gueudin et al., 2005),
namely, A, B, C, D, E, F and G. The average genetic divergence between different
subtypes is about 20% of the gag gene, which is higher than those among
HIV-1 group M subtypes (Gao, 2005). Only HIV subtypes A and B are prevalent,
the others being considered self-limiting infections at the epidemiological level
(Gueudin et al., 2005).

Diagnostic and assay technology

The discovery that interleukin-2 activates T-cells and permits their sustained
growth in vitro (Poiesz et al., 1980) provided the knowledge needed for propagating
HIV-1 in vitro in a large scale (Barre-Sinoussi et al., 1983). This feat resulted in the
development of several useful immunoassays for the detection of antibodies and a
variety of antigens to HIV in serum (Dawson et al., 1988), and also for the de-
tection of viral RNA or DNA in serum or in blood samples.

Enzyme-linked immunoassays

The early serologic techniques utilized infected cells (immunofluorescence) or pu-
rified virus (Western blots) to determine exposure to HIV. These were followed by
first-generation tests utilizing viral lysate proteins to capture antibodies. The de-
tection was based on use of a probe composed of antibodies to human immuno-
globulin conjugated to an enzyme such as horseradish peroxidase or alkaline
phosphatase. The second-generation assays for the detection of antibodies to HIV
used HIV recombinant antigens. Third-generation assays also employed recom-
binant antigen in a different assay format, an antibody sandwich assay, employing
recombinant antigens on the solid-and liquid-phase conjugates consisted of re-
combinant proteins labeled with enzymes or with chemiluminescent dyes to form
an antibody sandwich type of assay format. In later versions of both the second-
and-third generation assays, recombinant antigens representing HIV-2 and group
O variants were included in order to enhance detection of these variants.

Antigen assays

Utilizing the above-mentioned antibody tests to HIV, it was found that the sero-
prevalence for HIV infection among US blood donors was between 0.009% and
0.041% in 1986–1987 (Dawson and Mushahwar, 2005). Although at the time the
latest generation of antibody tests provided improved sensitivity for detecting an-
tibodies to HIV, the window to seroconversion remained at about 22–25 days. Since
it has been known that viral antigens can be detected in serum prior to serocon-
version (Paul et al., 1987), and that transmission of HIV by antibody negative,
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antigen-positive blood donors has been reported (Gilcher et al., 1990). The US
Federal Drug Administration licensed in 1997, a new HIV-1 test to detect the p24
HIV antigen. This test reduced the window period to seroconversion from 22 to 25
days with antibody testing alone to about 16–19 days by using both an antibody
test and the antigen test.

With the licensure of nucleic acid amplification tests in the US, the FDA has
permitted the discontinuation of HIV-1 p24 testing on the basis of data showing
that HIV-1 RNA screening is better able to detect infection in the window pe-
riod shortly after infection and that all p24 antigen-positive donations are also
HIV-RNA positive (Stramer et al., 2004).

Combo assays

In order to reduce the diagnostic window period to seroconversion, new fourth-
generation diagnostic assays were introduced in 1998 for the simultaneous detec-
tion of HIV antigen and antibody. Further generation assays were proven to detect
earlier diagnosis of HIV infection with considerable less false-positive results in
comparison to third-generation antibody screening assays (Ly et al., 2004). Many
such assays are available commercially and some are also automated. Among these
are AxSYM HIV, Ag/Ab Combo (Abbott Laboratories, Abbott Park, IL, USA),
Enzygnost Integral (Dade-Behring, Pennsburg, Germany), Genscreen Plus HIV
Ag/Ab (Bio Rad, Marnes La Coquette, France), Murex HIV Ag/Ab Combo
(Abbott-Dartford, Kent, England), VIDAS HIV DUO Ultra (Biomerieux, Marcy
L’Etiole, France), and Vironostika HIV Uniform II Ag/Ab (Organon Teknika,
Boxel, The Netherlands).

The assay described by Ly et al., (2004) has been shown to be superior to many
other commercially available assays when parameters such as specificity, detection
of p24 antigen, number of false-positive samples and overall performance were
compared.

Rapid HIV diagnostic tests

The ELISA described previously have been useful and reliable in the diagnosis of
and screening for HIV infection in industrialized countries. They are widely used,
highly sensitive and specific for the detection of HIV antigens and antibodies. In
limited resource settings, however, they are expensive, require complex instrumen-
tation and are too complex to use in the field. Other disadvantages of such tests are
the need for well-trained technical manpower, need for a constant supply of elec-
tricity and refrigeration for storage, which is impossible to control in rural areas of
such settings. Thus, rapid screening for HIV infection performed on site by tests
that do not require laboratory infrastructure or highly skilled personnel who can
help identify patients who are infected with the virus and can facilitate immediate
counseling to help prevent the individual from spreading the virus to others by
introducing them to risk-reducing behavior (Palmer et al., 1999). Furthermore,
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with the implementation of perinatal mother to child transmission (MTCT) pro-
grams with rapid HIV testing in antenatal clinics, women can learn their HIV status
quickly and can receive short-course antiretroviral prophylaxis to dramatically
reduce the risk of transmission of HIV to their children (Rouet et al., 2004). For a
complete discussion on advantages of rapid HIV tests the reader is referred to the
WHO guidelines for use in HIV testing and counseling in resource constrained
settings (World Health Organization, 1992, 1997).

Many rapid HIV commercial kits have been introduced to the diagnostic market
in the last few years. Among these rapid assays are: the Determine HIV 1/2 assay
(Inverness Medical Innovations); the Genie II HIV-1/HIV-2 (Bio-Rad); rapid check
HIV-1 and 2 (Nucleo-de Doencas) and Particle Agglutination Assays (Fujirebio).

During field trials, there was a complete agreement among various investigators
(Urassa et al., 1994; Arai et al., 1999; Palmer et al., 1999; Lien et al., 2000; Menard
et al., 2003) as to the very high sensitivity and specificity, ease of use, reliability and
reproducibility of the rapid Determine assay. Because of this, a description of this
assay is appropriate.

The Determine assay (Arai et al., 1999) is based on the sandwich immunoassay
technique with HIV-1 and HIV-2 antigens conjugated to selenium colloid and a
capture site containing HIV-1 and HIV-2 antigens. If a sample contains anti-HIV-1
or anti-HIV-2 antibodies, the antibodies first react with the antigen–selenium col-
loid conjugates. As the antibody–antigen selenium colloid complex flow past the
capture site, the antibodies react with the antigens at the site with the formation of
a visible red line within 15min. For serum or plasma, 50 ml is placed on the sample
application pad. For an EDTA coagulated whole blood sample, 50 ml is placed on
the pad, followed by the addition of one drop of buffer. The test also contains a
procedural control site that confirms the validity of the assay by the formation of a
visible red line. Test devices stored at room temperature (301C) for 12 months had
sensitivity equivalent to that of test devices stored at 2–81C. No difference in
sensitivity was observed when the results were generated at room temperatures
ranging from 151C to 401C.

Nucleic acid amplification tests

Nucleic acid-based assays for plasma HIV-1 RNA are used to accurately predict
the clinical outcome of the HIV-infected patients, to assess the efficacy of anti-
retroviral therapies to monitor disease progression. Several commercial assays are
available for the quantitative determination of HIV-1 in plasma. These assays
include: RT-PCR, nucleic acid sequence-based amplification (NASBA) and the
branched-DNA (bDNA) and ligase-chain reaction (LCR). The LCx HIV RNA
quantitation assay (Abbott Laboratories) uses competitive RT-PCR followed by
microparticle enzyme immunoassay and includes an internal control for inhibition
and RNA recovery, that is taken through the entire sample preparation proce-
dure (Johanson, et al., 2001). Commercial assays based upon signal amplification
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include VERSANT HIV-1 RNA (Bayer), target amplification (COBAS AMP-
LICOR HIV-Monitor (Roche) and the Nuclisens HIV RT (Bio-Merieux). The
performance of these assays in terms of sensitivity, linearity, reproducibility,
specificity and detection of HIV-1 subtypes is practically similar.

An increasingly popular approach to an accurate quantitation of viral RNA is
real-time PCR, an alternative quantitation method to conventional RT-PCR
quantitation. Real-time PCR offers a wider dynamic range of up to 107-fold com-
pared to 1000-fold in conventional PCR and thus offers more accurate quantitation
of viral loads (Livak et al., 1995). According to Ambion (Ambion TechNotes, 8:1,
2001), ‘‘all real-time PCR systems rely upon the detection and quantitation of a
fluorescent reporter, the signal of which increases in direct proportion to the
amount of PCR product in a reaction. The reporter is the double-stranded DNA-
specific dye SYBR Green (Molecular Probes). SYBR Green binds double-stranded
DNA, and upon excitation emits light. Thus, as a PCR product accumulate, flu-
orescence increase.’’

Ambion has many products useful for real-time PCR and are routinely used for
such analysis at Ambion in the ABI PRISM 7700 Sequence Detection Systems.
Real-time PCR assays for the quantitation of HIV RNA are supplied commercially
by Roche and Abbott Diagnostics.

More affordable assays for non-industrialized countries have been introduced
recently. One of these is the NucliSens Easy HIV-1 assay version (BioMerieux).
This assay is a real-time NASBA using molecular beacon-based detection tech-
nology (deMendoza et al., 2005). The assay consists of two-step process, namely,
nucleic acid amplification combined with a homogenous detection step. Overall,
good correlation was demonstrated for this affordable assay when compared to
Roche Ampliform version 1.5 (deMendoza et al, 2005).

Antivirals

Three distinct classes of drugs for the clinical therapy of HIV have been approved
for treating HIV patients. These drugs inhibit HIV RT, protease or virus entry.
Among the nucleoside RT inhibitors (NRTI) are zidoviudine (AZT), lamivudine
(3T3), stavudine (d4T) and efavirenz (EFV). These NRTI are used by the viral RT
in place of the normal nucleotides and prevent further synthesis, thus inhibiting
HIV replication. AZT was one of the first NRTI used to treat HIV patients. It has
been effective in both prolonging the survival time of treated patients and in re-
ducing the severity of symptoms associated with HIV disease. However, the virus
eventually develops resistance to AZT through the appearance of HIV mutants of
RT and disease progression continues.

Among the protease inhibitors (PI) besides the well-known norvir are amp-
renavir (APV), atazanavir (ATV), indinavir (IDV), lopinavir (LPV), nelfinavir
(NFV), ritonavir (RTV) and saquinavir (SQV). Protease inhibitors are known to
prevent processing of the viral capsid proteins resulting in non-infectious virions.
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A combination therapy of NRTI and PI drugs has been very effective in treat-
ing HIV patients. The current standard of care in anti-retroviral therapy includes
two NRTI plus a potent third drug, usually a PI (Moyle, 1998). This combination
therapy provides impressive reductions in viral loads. However, long-term admin-
istration of this combination therapy may increase selective pressure against
HIV and subsequently induce the emergence of drug-resistant HIV-1 variants
(Imamichi, 2004).

The introduction of antiviral for the clinical therapy of HIV-1 has seen the
emergence of drug resistance as a major factor limiting drug efficacy. Resistance to
antiviral therapy has been observed for each of the well-known antiviral drugs
(Burlet et al., 2005). It has been reported that primary resistance accounts for
8–30% of new HIV-1 infections in Western Europe and North America (Wensing
and Boucher, 2003), and in a recent study in the former Soviet Union, the overall
prevalence of resistance was 13.3% (Vasques de Parga et al., 2005). Thus, the best
HIV therapy should improve patient outcomes and should also deter the trans-
mission of drug-resistant strains (Kiessling et al., 2005). HIV-1-infected individuals
should therefore undergo genotypic resistance testing in order to select the most
suitable drug regimen.

Genotypic resistance testing is accomplished by sequencing of DNA products
generated by PCR (Huang et al., 2005); Garcia-Bujalance et al., 2005). Recently,
however, a new high throughput assay system was developed to identify drug
resistance (Chen et al., 2005). This assay was designed to specifically detect frame-
shift mutations in a single virus replication cycle.

Due to viral resistance and emergence of HIV-1 mutants, attempts have been
made to design novel antiretroviral drugs (Imamichi, 2004) to suppress the rep-
lication of the resistant variants. Among the first drugs to satisfy this need was
enfuvirtide. Enfuvirtide belongs to the third family of antiviral (Barbaro et al.,
2005), and is an HIV fusion inhibitor (FI). This drug has a unique mechanism of
action involving HIV entry at the stage of membrane fusion. Its antiviral activity
and favorable safety and tolerability features have been demonstrated in combi-
nation with other agents. It is claimed that the drug offers a low potential for
cross-resistance with other anti-retroviral drugs and its extracellular distribution
means that drug interactions and intracellular metabolic disturbances are unlikely
(Lazzarin, 2005).

Currently, a fourth family of HIV antivirals as investigational drugs are being
tested in Phase I clinical trials. These are called integrase inhibitors. The enzyme
integrase catalyzes the insertion of the viral cDNA and generated by RT of the viral
RNA genome into host chromosomes. The integration reaction consists of two
consecutive steps: 30processing and strand transfer (Pommier et al., 2005).

Diketo acids and diketo-like acids are the most promising integrase inhibitors
(Pommier et al, 2005). They are referred to as strand transfer inhibitors because
they uncouple the two integrase reactions. They can block strand transfer without
affecting 30-processing by chelating divalent cofactors in the integrase active site
and by interfering with host (acceptor) DNA binding (Pommier et al., 2005).
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Abstract

The World Health Organization (WHO) and United Nations Programme on HIV/
AIDS (UNAIDS) estimated that in the year 2005 there were an additional 700,000
new infections in children, who have been infected through mother-to-child trans-
mission (MTCT). MTCT of HIV-1 accounts for a few hundred infected newborns
only in those countries where services for large cover of voluntary counseling and
testing of pregnant women and supply of antiretroviral drugs throughout preg-
nancy with elective Cesarian section and avoidance of breastfeeding are fully es-
tablished. Intrapartum transmission contributes to approximately 20–25% of
infected children, whereas in utero transmission to 5–10% and postnatal transmis-
sion to additional 10–15% of cases. The single-dose nevirapine (NVP) regimen has
provided the momentum to start MTCT programs in many resource-limited coun-
tries; however, regimens using a combination of antiretroviral drugs may be more
effective in reducing MTCT rates and limiting resistant mutation development.

Epidemiology of HIV-1: 2005 update

Despite decreases in the rate of infection in certain countries, in year 2005 the
overall number of people living with HIV has continued to increase in all regions of
the world except the Caribbean, as declared by the Joint United Nations Pro-
gramme on HIV/AIDS (UNAIDS) and World Health Organization (WHO)
(World Health Organization (WHO) and United Nations Programme on HIV/
AIDS (UNAIDS), 2005). The number of people living with HIV globally has
reached its highest level with an estimated 40.3 million people, almost 3 million
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more than in 2003. According to the report, the steepest increases in HIV infections
have occurred in Eastern Europe and Central (25% increase) and East Asia.
However, sub-Saharan Africa continues to be the most affected globally with 64%
of new infections occurring.

Levels of knowledge of safe sex and HIV remain low in many countries. In
many sub-Saharan countries, two-thirds or more of young women aged 15–24
years lacked comprehensive knowledge of HIV transmission. In several southern
African countries, more than three-quarters of all young people living with HIV are
women; while in sub-Saharan Africa overall, women between 15 and 24 years old
are at least three times more likely to be HIV positive than young men.

More than three million people died of AIDS-related illnesses in 2005; of these,
more than 500,000 were children. In Africa, the share of under-five mortality due to
AIDS rose from 2% in 1990 to 6.5% in 2003. In a recent pooled meta-analysis
study, mortality in infected children was about nine-fold greater than that of un-
infected children (Newell et al., 2004). By age 1 year, an estimated 35% infected
and 4.9% uninfected children will have died; by 2 years of age, 52.5% of infected
children will have died.

The targets within the Declaration of Commitment on HIV/AIDS by the
United Nations General Assembly include a 25% reduction by 2010 in the per-
centage of 15–24-years-old HIV-infected pregnant women and a 20% reduction by
2005 in infant HIV infection and 50% by 2010, with the global aim of achieving as
closely as possible universal access to treatment for all those who need it by 2010.

Epidemiology of mother-to-child transmission of HIV-1

In 2005 there were an additional 5 million new infections, of which 700,000 in
children who have mostly been infected through mother-to-child transmission
(MTCT) (World Health Organization (WHO) and United Nations Programme on
HIV/AIDS (UNAIDS), 2005). This estimate may be affected by the lack of ap-
propriate and affordable diagnostic tests for HIV-1 infection in the pediatric popu-
lation in resource-limited settings. The routine test available in these countries,
based on the detection of antibodies against HIV in the serum, is useless in babies
younger than 18 months because of the persistence of antibodies from the mother.

Without drug access rates of HIV-1 MTCT differ from 15to 25% in Europe and
the United States of America (USA) to 25–40% in some African and Asian studies
(World Health Organization/UNAIDS, 1999). Contributing factors to these geo-
graphical differences in the rate of transmission include between others frequency
of breastfeeding, and possibly concomitant infections in the pregnant women as
well as differences in virulence of the virus according to subtype. While MTCT of
HIV-1 has been virtually eliminated from industrialized countries, it still falls far
short in most of sub-Saharan Africa. Indeed, MTCT of HIV-1 accounts for a few
hundred infected newborns only in those countries where services for large cover of
voluntary counseling and testing of pregnant women and supply of antiretroviral
drugs throughout pregnancy with elective Cesarian section and avoidance of
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breastfeeding are established (Mayaux et al., 1997). Elective Cesarian section
appears to remain an important intervention to reduce MTCT in women with
high viral load even in the era of highly active antiretroviral therapy (HAART)
(European Collaborative Study, 2005).

An accelerated scale-up of adequate services is urgently needed to reduce this
unacceptable gap. Prevention of MTCT of HIV-1 is a crucial entry point for primary
prevention, treatment, care and support for mothers, their children and families.

Timing of infection

An accurate understanding of the timing of HIV-1 MTCT is very important for
the design of intervention strategies. Today it is clear that transmission of HIV-1
infection can occur before, during and after delivery. The relative contribution of
each of these routes has been estimated in the last decade by different approaches
and studies. Most (approximately 50%) of the transmission events occur close to
delivery, whereas pregnancy and breastfeeding, when performed, contribute to a
minor although important extend (20% and 30%, respectively) (De Cock et al.,
2000). In absolute numbers intrapartum transmission contributes to approximately
20–25% of infected children, whereas in utero transmission to 5–10% and postnatal
transmission to additional 10–15% of cases. Early breastfeeding transmission
occurring within 6–8 weeks after delivery accounts for 5–6% of additional risk
(Nduati et al., 2000; Moodley et al., 2003), whereas late postnatal transmis-
sion, persistent for the whole period of breastfeeding, can contribute to 23–42%
(John-Stewart et al., 2004).

Routes of transmission

Transmission occurs through the placenta or by swallowing of large amounts
of infected biological fluids as the amniotic fluid during gestation, or blood and
vaginal secretions during delivery and predominantly milk during breastfeeding.

The role of the placenta is still controversial but it possibly acts as a barrier to
the transfer of virus as only a limited number of transmission events occur during
pregnancy. The transplacental pathway may include passage of maternal infected
cells through breaches of the placental tissue or direct infection of placental cells.
Indeed, placental cells, trophoblasts and villous Hofbaur cells, were demonstrated
in vivo to carry virus from early on in gestation (Lewis et al., 1990; Backé
et al., 1992). Virus is not found in placental tissue when the pregnant women
undergo antiretroviral prophylaxis with zidovudine (ZDV) throughout gestation
(Tscherning-Casper et al., 1999), thus, indicating an effect of the drug on placental
level. Indeed, in vitro and in vivo studies support the view that the nucleoside re-
verse transcriptase inhibitors (NRTI) cross the placenta and produce significant
pharmacological concentrations in the amniotic fluid and in the fetal circulation,
nevirapine (NVP) reaches the equilibrium between the fetal and maternal concen-
tration, whereas the protease inhibitors have a poor transfer across the placenta
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(Chappuy et al., 2004a, b; Pacifici, 2005). Recently, a study based in Thailand
reported that short-term prophylaxis (less than 30 days) with ZDV was significantly
less efficient in reducing viral expression in placental tissue than treatment lasting at
least 60 days (Bhoopat et al., 2005). This study also confirmed previous findings
that infection of the placenta does not always result in transmission to the fetus
(Menu et al., 1999).

The placenta may be involved in protecting the fetus from infection through a
series of mechanisms. In vitro experiments showed that HIV can easily transcytose
through a trophoblastic barrier of BeWo cells or, alternatively, HIV infected cells
can fuse with trophoblastic cells and transmit the virus to underlying receptive
cells (Lagaye et al., 2001). However, the same cells do not replicate HIV due to
a restriction postentry level (Dolcini et al., 2003). A balance of cytokines and
chemokines at placental level may direct the infection of trophoblastic cells
(Derrien et al., 2005). Recently it has been reported that the placenta is likely the
site for engagement of innate immunity (Winchester et al., 2004). These data are
in favor of selective processes occurring at placental level possibly regulated by
factors, as cytokine, chemokines, hormones or antibodies. Perturbation of this
microenvironment as for example the ones induced by concomitant infections of
the placenta, may result in a lack of the selective process.

Evidence for swallowing of maternal-infected body fluids has been since long
demonstrated by the detection of HIV-1 in gastric aspirates of neonates (Nielsen
et al., 1996). During breastfeeding the child ingests first colostrums and then milk
at increasing volumes. Breast milk contains approximately 106 cells/ml, including
macrophages, lymphocytes and mammary epithelial cells. The mononuclear cells in
the milk are constituted by 75–95% of large, lipid-filled macrophages and 5–25% of
predominant activated T lymphocytes (Eglinton et al., 1994), which are cells prone
to infection with HIV-1. Of note are recent data suggesting that cell-associated HIV
may play a more-important role in transmission via breastfeeding than does cell-free
virus (Rousseau et al., 2004).

Mucosal surfaces as the lymphoepithelial tissue of the tonsils or the intestinal
mucosa may act as portal of entry, although the exact pathways of the virus are still
unclear. Ingested infected fluids and cells can easily pass the neonatal stomach,
which does not present an acid environment, and reach the lower intestine. In vivo

relevance of gut infection has been shown in the simian immunodeficiency virus
(SIV) model demonstrating the destruction of CD4+ T cells in the lamina propria

as early as during acute infection (Li et al., 2005; Mattapallil et al., 2005). It can
be envisaged that the M cells in the Peyer’s plaques of the digestive epithelium,
which deliver samples of foreign material directly to the close intraepithelial
lymphoid cells, may be involved. Otherwise, HIV-1 may cross the enterocytes, the
cells covering the digestive mucosa. Both types of cells have been shown in vitro

to be competent for the transport of virus through a mechanism of transcytosis
by binding with galactosyl ceramide (Bomsel et al., 1998; Fotopoulos et al., 2002).
Knowledge on the mechanisms of virus entry will provide insight for preven-
tive means.
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Correlates of HIV-1 MTCT: a mean to predict transmission

A high plasma virus load and a low CD4+ T-cell count of the pregnant women
were repeatedly demonstrated to be independent risk factors for the transmission of
HIV-1 from an untreated mother to her child. Unfortunately, these markers cannot
be used as absolute indicators and predictors of MTCT of HIV-1 for individual
mothers (Contopoulos-Ioannidis and Ioannidis, 1998).

Viral genotype and phenotype have given little evidence of a specific pattern
associated with MTCT of HIV-1. Most maternal isolates are able to use CCR5 as
coreceptor alone or in association with CXCR4 or other chemokine receptors,
independently from transmission (Scarlatti, 2004), and thus are not useful predic-
tive markers.

The role of the humoral immune response in predicting and/or preventing
MTCT has been target of many studies (Scarlatti, 2004). However, investigation on
the maternal serum antibody reactivity to HIV-derived peptides or neutralization
of autologous or heterologous virus never gave a conclusive response. Evidence of
the relevance of the humoral antibody response in MTCT comes from a study in
monkeys, which demonstrated that injection of a cocktail of HIV neutralizing
human monoclonal antibodies (2F5, 4E10, IgGb12 and 2G12) can prevent trans-
mission of a lentivirus challenge to baby macaques (Baba et al., 2000). On the basis
of these results the authors initiated recently a clinical trial in Kenya to prevent
postpartum MTCT of HIV-1 with the same combination of antibodies.

During the last few years a series of studies have provided repeatedly the evi-
dence of transmission of HIV-specific cytotoxic T lymphocytes (CTL) epitopes in
which escape had occurred in the transmitting mother (Wilson et al., 1999; Goulder
et al., 2001). The different escape mutations localized in Gag were restricted by the
HLA molecules B57/5801 or B27 (Leslie et al., 2005). Interestingly, the B57/5801
restricted mutation reverted to wild type when transmitted to a B57/5801 negative
child. These results suggest a selection process occurring already in the mother and
also indicate that the transmitted escape mutant, which reverts, will be an useful
epitope for CTL-based vaccine development.

A series of host genetic factors have been studied to identify correlates of pro-
tection. A recent large multivariate analysis showed that mother and child con-
cordance at any HLA class I locus but not class II locus is a strong predictor
of MTCT (Polycarpou et al., 2002), however, no specific maternal HLA locus was
associated with transmission. Other studies instead showed a predictive value of
specific HLA genes. In one study, approximately half of the mothers who trans-
mitted low viral loads had HLA-B*1302, B*3501, B*3503, B*4402 or B*5001 all-
eles (Winchester et al., 2004), whereas in another study, decreased HIV-1 MTCT
risk was strongly associated with a functional cluster of related HLA alleles, the
A2/6802 supertype (MacDonald et al., 2001).

The 32-basepair deletion of the CCR5 gene of the mother, which affects the
expression of the chemokine receptor on the cell surface, does not correlate with
transmission; however, the heterozygous mutation of the child appears to exert a
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protective effect against MTCT in children exposed to a low maternal viral burden
of an R5-type isolate (Ometto et al., 2000). The mutated SDF-1 gene was shown to
have some effect only in postpartum transmission in an African study (John et al.,
2000).

Many other studies analyzed the genome of the child and not that of the
mother, and thus cannot be used as predictive markers of transmission. Anyhow,
the results of these studies are relevant to identify mechanism involved in trans-
mission. The presence of a mutated allele of the SDF-1 gene, of the CCR5 gene or
of the CCR2b gene of the child does not seem to protect against HIV-1 MTCT
(Romiti et al., 2000; Tresoldi et al., 2002). A polymorphism of the mannose-binding
protein (MBP) gene (at codon 54) of the child does not correlate with MTCT of
HIV-1, however, mutations in the promoter of the MBL2 gene, which codify for
the MBP, apparently do (Amoroso et al., 1999; Boniotto et al., 2000). A single-
nucleotide polymorphism in the 50-untranslated region of the DEFB1 gene of the
child, which probably regulates the gene expression of human beta defensin 1
(hBD-1), was significantly correlated to risk of HIV-1 MTCT, pointing to the
importance of innate immunity in HIV-1 infection (Braida et al., 2004).

Thus, it is evident that as of today there is no possibility to assess the absolute
risk of MTCT of HIV-1 in the individual pregnant woman. Possibly, the predictive
values of a combination of factors may be more relevant than each factor con-
sidered singularly.

A decade of clinical trials with antiretroviral drugs to prevent MTCT of HIV-1

In 1994 the first clinical trial on MTCT (ACTG076), a collaboration between USA
and France, proofed the concept that antiretroviral therapy could substantially
decrease the risk of MTCT of HIV-1 (Centers for Disease Control, 1994). ZDV
given to the pregnant women from the second trimester of gestation and to the
baby for 1 month reduced transmission by approximately two-thirds compared to
the placebo-treated group. During the following years, a series of clinical trials
performed in resource-limited countries demonstrated that ZDV prophylaxis with
shorter protocols, more appropriate for the local conditions, was safe and could
still reduce the transmission though by not more than 50% (Dabis et al., 1999;
Wiktor et al., 1999; Lallemant et al., 2000). Furthermore, longer (from 28 weeks of
gestation) antepartum treatment was significantly more effective than shorter (from
35 weeks of gestation) therapy (1.6% vs. 5.1% transmission, respectively), showing
that a significant proportion of in utero infection occurs during the last trimester of
gestation (Lallemant et al., 2000). The Thai study (PHPT-1) also suggested that
longer treatment of the infant could not substitute for a longer treatment of the
mother.

During the same time period the national guidelines were modified in several
European countries and USA, elective Caesarean section started, women were
more frequently treated with combination of antiretroviral drugs and the baby
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treated for 1 week postpartum only. At these conditions, transmission rates
dropped to less than 2%.

At the beginning of the new century the results of the first randomized clinical
trials were published, which explored whether short-course combination regimens
might have improved efficacy (Mofenson and McIntyre, 2000). Indeed, ZDV plus
lamivudine (3TC) prophylaxis showed to be more effective than ZDV alone in
short-course regimens using drugs during the last weeks of pregnancy, labor and/or
delivery (Mandelbrot et al., 2001; Chaisilwattana et al., 2002; The Petra Study
Team, 2002).

The question if a similar efficacy to combination prophylaxis could be achieved
with alternative drugs that were less expensive and could be used in very simple
regimens was cleared by the HIVNET 012 study. A drug regimen as simple as a
single dose of NVP to the mother at labor and to the baby close to birth reduced
the transmission rate of approximately 50% compared to ZDV only given to the
woman at labor and delivery and to the baby for up to 1 week (Guay et al., 1999).
In addition, in the SAINT clinical trial single-dose NVP had similar efficacy to
short-course regimens with azidothymidine (AZT) and 3TC (Moodley et al., 2003).
The use of NVP was immediately adopted by many public health operators and
authorities in resource-limited countries due to the low cost and the shortness of
this regimen. Indeed, the single-dose NVP regimen has provided the momentum to
start MTCT programs in many resource-limited countries, which in turn have
provided the experience and the foundation for treatment access programs.

Although, results from the trials individually suggest that regimens using a
combination of antiretroviral drugs may be more effective than single-drug regi-
mens in reducing MTCT rates, the formal comparison of the efficacy of these
antiretroviral regimens allowing for other MTCT determinants such as maternal
plasma viral load, CD4+ T-cell count and infant feeding practices had not been
possible. Recently Leroy and colleagues directly compared the 6-weeks peripartum
efficacy of five different antiretroviral interventions in different African settings,
taking into account heterogeneity between trials in population characteristics
(maternal CD4+ cell count, Caesarean section, breastfeeding, gender and birth
weight) in a pooled individual patient data analysis (Leroy et al., 2005). Their
results demonstrate that a combination of ZDV and 3TC from 36 weeks of preg-
nancy had greater efficacy in preventing MTCT than the same combination start-
ing during labor and delivery or than antiretroviral mono therapy (short antenatal
ZDV or single dose NVP). At similar CD4+ T-cell levels, MTCT rates were higher
in west Africa than in east and South Africa within placebo groups. In comparison
with single-dose NVP, the longer ZDV and 3TC combination was the only regimen
statistically and significantly more efficacious in preventing MTCT.

More recently completed trials (PHPT-2 and DITRAME-Plus) have focused on
enhancement of short-course regimens (Lallemant et al., 2004; Dabis et al., 2005).
Addition of single-dose NVP to short-course antiretroviral drug regimens appears
to improve efficacy in formula- and breast-fed populations. In the Thai study a
single dose of NVP to the mother, with or without a dose to the formula-fed infant,
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added to oral ZDV prophylaxis starting at 28 weeks of gestation, was highly
effective in reducing MTCT of HIV-1 to less than 2% (Lallemant et al., 2004). In
the DITRAME-Plus study in Ivory Coast in a breastfeeding setting the 6-week
transmission probability was 6.5% with ZDV and single-dose NVP (a 72% re-
duction compared with ZDV alone) and 4.7% with ZDV, 3TC and single-dose
NVP (Dabis et al., 2005).

Recently, a randomized control trial in Malawi, the NVAZ study, compared
transmission rates in infants administered NVP only at birth or NVP at birth with
ZDV for 1 week, in absence of mother’s prophylaxis (Taha et al., 2003). The overall
transmission rate at 6–8 weeks was 15.3% in 484 babies who received NVP and
ZDV and 20.9% in 468 babies who received NVP only. Thus, 1 week of ZDV
added to single-dose infant NVP improved efficacy when no maternal intrapartum
NVP prophylaxis was administered.

There are a series of questions, which may undermine the success of antiretro-
viral prophylaxis in HIV-1 MTCT. It was shown that the reduction in transmission
rates was lower among pregnant women with more advanced immune deficiency
(Leroy et al., 2003). Cumulative postnatal transmission risk of HIV-1 at 2 years of
age of the child was higher among ZDV-treated women with CD4+ T-cell counts
below 500 cells/ml than among those with CD4+ T-cell counts above 500 cells/ml
(rates 22% and 2%, respectively). Analogously, in another study on the efficacy of
ZDV given from 36 weeks of gestation and intrapartum the risk of transmission
was significantly reduced only in the women with a plasma viral load below 50,000
copies/ml at enrollment (Jamieson et al., 2003). Further studies are needed to
continue and expand efforts for the prevention of MTCT while preserving treat-
ment efficacy.

Prevention of transmission through breastfeeding

The Petra study mined the field when demonstrating the complete loss of the
benefits achieved with antiretroviral prophylaxis due to breastfeeding transmis-
sion (The Petra Study Team, 2002). Transmission rates evaluated at the age of
18–24 months of the child dramatically increase when the baby has been breastfed.
Figure 1 is a graphical representation of the transmission rates evaluated during the
first 3 months and at 18–24 months of age of breastfed children born under
different prophylaxis protocols. The reduction of transmission by breastfeeding
remains a challenge. While formula feeding is an obvious alternative in high-
income settings, concern was raised about the need for breastfeeding in areas with
low-sanitary standards and high risk of diarrheal diseases.

Feeding practices have been suggested to play a crucial role and contribute
differently to transmission. Exclusive breastfeeding, i.e. no other liquids than the
mother’s milk, could be associated with lower rates of transmission than mixed
feeding of breast milk with other milk or feeds and with a similar risk to no
breastfeeding (Coutsoudis et al., 1999).
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Recently, in the context of a trial of postpartum vitamin A supplementation, a
program in Zimbabwe provided education and counseling about infant feeding and
HIV, prospectively collected information on infant-feeding practices, and measured
associated infant infections and deaths (Iliff et al., 2005). Overall postnatal trans-
mission (defined by a positive HIV test after the 6-week negative test) was 12.1%.
Compared with exclusive breastfeeding, early mixed breastfeeding was associated
with a 4.0%, 3.8% and 2.6% greater risk of postnatal transmission at 6, 12 and 18
months, respectively. Predominant breastfeeding was associated with a 2.6%, 2.7%
and 1.6% trend toward greater postnatal transmission risk at 6, 12 and 18 months,
compared with exclusive breastfeeding. In the frame of a well-controlled education
and counseling program, exclusive breastfeeding may substantially reduce breast-
feeding-associated HIV transmission. This same study pointed out that 68.2% of
postnatal transmission events occurred after 6 months, which suggests that breast-
feeding should be interrupted when the child can take solids safely. Appropriate
timing for initiation of weaning is a matter of discussion, however, abrupt weaning
should be taken into consideration to avoid mixed breastfeeding.

In a Kenyan study, the use of breast milk substitutes prevented 44% of infant
infections and was associated with significantly improved HIV-1-free survival
(Nduati et al., 2000). This same study group showed that breastfeeding by HIV-1-
infected women might result in adverse outcomes for both mother and infant
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(Nduati et al., 2001). Subsequent studies exploring the risks associated to and the
feasibility of exclusive breastfeeding practices indicate that either formula or
breastfeeding are acceptable and feasible options for HIV-infected women (Rollins
et al., 2004).

Alternative methods to prevent HIV transmission through breastfeeding in-
clude treatment of the mother’s milk. The WHO lists direct boiling, shown to cause
significant nutritional damage, and pasteurization, such as Holder pasteuriza-
tion (62.5 1C for 30min), which has been reported to inactivate HIV, although
retaining most of breast milk’s protective elements. A recent pilot study investi-
gated and compared the virologic, nutritional and antimicrobial safety of flash-
heating and Pretoria pasteurization, two heat treatments that a mother in a
developing country could implement over a fire or in her kitchen (Israel-Ballard
et al., 2005). This study shows that flash-heating method would inactive cell-free
and cell-associated HIV as well as bacteria in breast milk, but retain nutrients. The
problems and doubts on acceptability and feasibility issues because of the stigma
that may arise for a mother who is not breastfeeding or who is expressing and
heat-treating her milk, however, remain and need to be addressed for the different
local realities.

Research for evaluating safety and efficacy of antiretroviral prophylaxis on the
risk of early and/or late postnatal transmission has and is actively ongoing. Find-
ings from several clinical trails in breastfeeding populations support the efficacy of
short-course antiretroviral prophylaxis of the baby on early postpartum transmis-
sion (Guay et al., 1999; Leroy et al., 2002; The Petra Study Team, 2002; Jackson
et al., 2003; Moodley et al., 2003). ZDV or NVP mono therapy or ZDV and 3TC
together given to the baby either at birth or for 1 week have shown an effect on
early transmission rates.

The NVAZ study in Malawi showed that in babies who were HIV negative at
birth, and were retested at 6–8 weeks (which accounts for early postnatal trans-
mission) 7.7% of babies who received NVP and ZDV and 12.1% who received NVP
only were infected (Taha et al., 2003). Thus, combination therapy had a protective
efficacy of 36% on early postnatal transmission in babies born to mothers who were
not administered any prophylaxis. This study has now been programmed to inves-
tigate if other infant prophylaxis schemes (ZDV only or ZDV with NPV for 16
weeks) increase the efficacy of reducing postnatal transmission rates.

Other ongoing or planned clinical trials will evaluate the efficacy of different
regimen and combination of antiretroviral drugs given to the breastfeeding mothers
and/or to the breastfed baby from delivery on for varying time periods. Recently,
the SIMBA study performed in Rwanda and Uganda, evaluated the effect of NVP
or 3TC given from soon after birth until duration of breastfeeding to babies born to
mothers treated with AZT and ddI from week 36 of gestation until 1 week post-
partum (Giuliano et al., 2005). Overall, transmission rate was 2.4%, with 1.6%
early and 0.8% late (above 1 month of age) postnatal transmission events. Trans-
mission rates did not differ between the two arms of treatment (1.1 and 0.6%,
respectively).
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Resistance to antiretroviral treatment and possible consequences

Drug resistance induced by short-course regimens to prevent MTCT that do not
fully suppress the virus has been a concern since early 2000. The factors associated
with selection of mutations can be multiple (Fig. 2). Resistance to NVP develops
rapidly and has been noted following single doses of NVP until up to 1 year
although fading over time (Eshleman et al., 2001; Johnson et al., 2005). Between
15% and 100% of women and their infected children treated with single-dose NVP
have one or more non-NRTI (NNRTI) mutations depending on the timing of the
sampling and the methodology used for the detection. Real-time polymerase chain
reaction reveals a substantial higher percentage of resistance mutations by detect-
ing mutations in two or three times more cases than conventional sequencing
techniques do (Johnson et al., 2005; Loubser et al., 2005; Palmer et al., 2005). The
in vivo relevance of this high frequency of mutations has still to be investigated.

Recent studies suggest that the emergence of NNRTI mutations may be virus
subtype dependent. In a multivariate model, subtype and viral load at delivery
independently predicted NVP resistance mutations, but maternal age, parity and
time between single-dose NVP and the 6–8 week visit did not. The rate of resistance
mutations after single-dose NVP was significantly higher in women with HIV-1
subtype C than in women with subtype A or D (69.2%, 19.4% and 36.1%, re-
spectively) (Eshleman et al., 2005b). Analogously, NVP resistance was significantly
more frequent in infants with subtype C than with subtypes A and D (87% vs.
50%) (Eshleman et al., 2005c). Studies are needed to assess the clinical significance
of the emergence of viral resistance in the different subtypes or recombinant forms
induced by NVP prophylaxis.

Factors associated with selection of NNRTI resistance

• Time of sampling after single-dose NVP prophylaxis

• Increased NVP exposure (longer NVP Therapy)

• Number of maternal NVP doses

• Viral subtype (C > D > A) 

• High baseline (pre-NVP) HIV-1 RNA load

• Low baseline CD4 + T cell count

• Compartment (eg, breast milk vs plasma)

Fig. 2 Factors associated with selection of NNRTI resistance.
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The type of resistant mutation detected seems to be dependent upon timing of
sampling as well. The NVP mutation Y181C was shown to be the most common
occurring at 7 days after NVP administration, whereas the K103N mutation was
the most common at 6–8 weeks post-NVP (Eshleman et al., 2004). Furthermore,
subtype appeared to influence selection and fading of HIV-1 mutants. At 6–8 weeks
post-NVP, the resistant mutations were more frequently detected in women car-
rying subtype D than in those carrying subtype A viruses (Eshleman et al., 2005a).
The explanation appears to be the rate of appearance or disappearance of the NVP
mutations. The Y181C mutations faded at greater rate in women with subtype A
viruses while the K102N accumulated at greater rate in women with subtype D
viruses.

The impact of the resistance development due to single-dose NVP on the fol-
lowing pregnancies is certainly a great concern. As of today, there are few data in
this regard. Martinson et al. (2005) showed in a South African study that the
effectiveness of single-dose NVP in a second pregnancy is reduced. HIV-1 MTCT
rates were substantially higher in women who had been previously exposed to NVP
prophylaxis than in those that were naı̈ve to therapy (14% and 4% MTCT rates,
respectively). However, the frequency of NNRTI resistant mutations did appar-
ently not differ between the two groups.

The potential impact of these mutations on the efficacy of future NNRTI-based
treatment is also of concern. A recent report showed that women exposed to single-
dose NVP for MTCT prevention in Thailand experienced a lower but not signifi-
cant virological success rate of subsequent NNRTI-based therapy compared to
non-exposed women (Jourdain et al., 2004). Significant risk factors for a virological
failure (i.e. RNA viral load>50 copies/ml) at 6 months antiretroviral therapy were
a viral load at or above median at initiation of therapy, and intrapartum NVP
exposure independently of the presence of resistance mutations. However, the
timing of treatment initiation postpartum in relation to NVP exposure affected this
response: the longer the time the better the response.

For future intervention policies it is important to understand if the selection of
NNRTI resistant variants following NVP use for prevention of HIV-1 MTCT can
be reduced. Cressey et al. (2005) detected significant NVP concentrations for up to
20 days in the plasma of approximately 55% Thai women following single-dose
NVP and suggested that 1 month of additional antiretroviral therapy after delivery
should be considered to prevent the emergence of NVP-resistant viruses. In line
with this approach, there are several clinical trials. The DITRAME study showed
that single-dose NVP associated with short-course treatment during gestation and
3 days postpartum with ZDV and 3TC was more efficient in reducing MTCT rates
and in containing the appearance of NVP resistance mutations than a similar
treatment with single-dose NVP and short-course ZDV during gestation and
1 week postpartum (NNRTI resistance was 1.14% vs. 28%, and MTCT rates 4.7%
vs. 6.5%, respectively) (Dabis et al., 2005). Association of drugs as ZDV and 3TC
should be safe as ZDV resistance usually only emerges after several months of
partly suppressive therapy. Resistance to 3TC has not been detected when it has
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been used in combination with ZDV for short periods, but has been detected
following longer periods of exposure. Indeed, a recent study did not detect any
resistant mutations to ZDV and 3TC used for short-course prophylaxis in any of
the 32 treated women (Chokephaibulkit et al., 2005).

Until additional data are available, HIV-infected women and children exposed
to single-dose NVP prophylaxis should be considered eligible for NNRTI-based
regimens as recommended in the 2003 WHO guidelines for antiretroviral treatment
in resource-constrained settings.

WHO recommendations for the prevention of HIV-1 MTCT

The last expert consultation at WHO (June 28–29, 2005, Geneva) agreed that in
those settings where full range of antiretroviral drugs are available, pregnant
women should be given ZDV from 28 weeks of gestation throughout labor and
possibly 7 days postpartum combined with single-dose NVP at labor (World
Health Organization (WHO), 2005). Their babies should receive single-dose NVP
at birth and ZDV for 1 week. The technical consultation has also made a series of
recommendations and provided a full array of circumstances-specific guidelines as
to ensure that the largest number of women and their babies benefit from effective
MTCT prophylaxis. If single-dose NVP to mother and baby remains the first
choice when only minimal range of antiretroviral drug exists, HAART should be
initiated as soon as possible when the pregnant woman is in need of this treatment
to protect her health and diminish the risk of transmission. To reduce the emer-
gence of NVP-resistant mutations in those settings where the full range of anti-
retroviral drugs are available, women administered ZDV during pregnancy and
single-dose NVP during delivery should be considered to receive ZDV and 3TC
combined treatment for 7 days postpartum.

Further, WHO recommendations are that HIV infected women should avoid
all breastfeeding only when replacement feeding is acceptable, feasible, affordable,
sustainable and safe. Otherwise, exclusive breastfeeding is recommended during the
first months of life.

General considerations

The ‘‘MTCT-Plus’’ programmes, which aim to provide lifetime treatment to
mothers receiving antiretroviral drugs to prevent neonatal transmission, offer an
existing model of intersection between treatment and prevention services. Accord-
ing to WHO in sub-Saharan Africa, a comprehensive prevention and treatment
package would avert 55% of the new infections that otherwise could be expected
to occur until 2020 (World Health Organization (WHO) and United Nations
Programme on HIV/AIDS (UNAIDS), 2005).

Several clinical trails with an array of different drug combinations and inter-
vention regimens have been planned or recently started to respond to unresolved
questions on MTCT of HIV-1 during pregnancy, delivery and breastfeeding. An
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exhaustive list of past, ongoing and future clinical trials is updated on the website
www.womenchildrenHIV.org. Questions and problems on MTCT of HIV-1 con-
tinuously evolve and are in need of alternative and new solutions according to the
setting and available services.

Although triple-combination regimens are widely used in industrialized coun-
tries for preventing MTCT in women who do not yet require antiretroviral treat-
ment for their own health, their safety and effectiveness have not been assessed in
resource-constrained settings (Thorne and Newell, 2005). There is serious concern
about risk to the woman if possible toxicity cannot be carefully monitored.
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Abstract

Hepatitis B virus (HBV) and hepatitis C virus (HCV) are noncytopathic viruses that
cause acute and chronic liver diseases. Infection by HBV and HCV represents a major
health problem as it is estimated that 500 million people worldwide are persistently
infected by these viruses. Although the biology of HBV and HCV is well known, there
are still critical steps in their viral life cycle, such as the mechanisms by which these
viruses enter into the hepatocytes that are not well understood. Serological markers
are key elements for the diagnosis of HBV and HCV infections. Nowadays, highly
specific and sensitive assays are commercially available for this purpose, including
tests for the detection of HBV and HCV genomes in serum and plasma samples.

Hepatitis B virus

Hepatitis B virus (HBV) is a hepatotropic, noncytopathic virus that causes acute
and chronic liver diseases that may end in liver cirrhosis and hepatocellular car-
cinoma (Pan and Zhang, 2005). HBV is transmitted parenterally, sexually and from
infected mothers to their babies at birth. The age at which the virus is acquired
determines the outcome of the infection. Thus, while around 95% of perinatal HBV
infections become chronic, this only occurs in 3–5% of patients infected in the adult
age (McMahon et al., 1985).

Molecular biology of HBV

Human HBV is the prototype member of the family of viruses termed He-
padnaviridae, which also includes viruses infecting other mammals, such as ground
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squirrel (ground squirrel hepatitis virus) (Marion et al., 1980), woodchucks (wood-
chuck hepatitis virus) (Summers et al., 1978), Arctic ground squirrels (Arctic
squirrel hepatitis virus) (Testut et al., 1996) and wolly monkeys (Landford et al.,
1998). Other hepadnaviruses have been isolated from birds, such as Pekin ducks
(duck hepatitis B virus) (Mason et al., 1980), gray herons (heron hepatitis B virus)
(Sprengel et al., 1988) and storks (stork hepatitis B virus) (Pult et al., 2001). Owing
to the homology in DNA sequences and genome organization, hepadnaviruses-
infecting mammals are grouped into the genus Ortohepadnavirus, while those
found in birds are grouped into the genus Avihepadnavirus.

Prior to the definition of HBV genotypes, there were nine HBsAg subtypes,
namely, ayw1, ayw2, ayw3, ayw4, ayr, adw2, dw4q–, adrq+ and adrq–. The
molecular bases for the d/y and w/r variations were both shown to depend on Lys/
Arg substitutions at residues 122 and 160, respectively (Okamoto et al., 1987). In
1988, HBV was classified into several genotypes by a sequence divergence in the
entire genome exceeding 8%. At present (Norder et al., 2004), there are nine HBV
genotypes (A–H). These genotypes have an uneven geographical distribution, and
only a few of them are prevalent in a given area of the world.

The HBV genome (Fig. 1) consists of a circular, partially double-stranded
DNA molecule of 3.2 kb in length with a nick at a unique site in the long strand of
DNA (Galibert et al., 1979). The HBV-DNA presents a length asymmetry in the
two strands: one DNA strand is unit length, while the complementary strand is less
than unit length. The complete strand is complementary to the viral mRNA and is
designated to be of minus polarity, and so, the shorter strand is termed the ‘‘plus
strand’’. The 50 position of the plus strand is fixed and the 30 end is at variable
positions and the circularity of the HBV genome is maintained by a 50 cohesive
terminus of 224 base pair (Sattler and Robinson, 1979). Furthermore, the minus
strand has a protein covalently linked to its 50 end (Gerlich and Robinson, 1980),
whereas the plus strand contains an oligoribonucleotide attached at this position
(Summers et al., 1978).

The HBV-DNA contains four overlapping open reading frames (ORFs) and
the regulatory sequences are embedded in the coding regions (Miller et al., 1989)
(Fig. 1). This compact organization of the viral genome implies that every
nucleotide in the HBV-DNA is in at least one coding region and that 50% of the
sequence can be read in more than one frame.

The four overlapping OFRs in the HBV genome are termed ORF S, C, P and
X. The ORF S contains three in frame initiation codons (Pre S1, Pre S2 and S) and
encodes the three polypeptides (Large-L-, Middle-M- and Small-S-) that form the
outer envelope of the virus. These three proteins have a common carboxy terminus
and display progressive amino terminal extensions. The Small protein contains the
hepatitis B surface antigen (HBsAg). The Middle protein contains the small en-
velope product plus the preS2 antigen and the Large envelope protein contains the
Small and the Middle proteins plus the preS1 antigen. If the large envelope protein
is over expressed, it forms filamentous particles that accumulate into the he-
patocytes giving to these cells the ‘‘ground-glass’’ appearance that is characteristic
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in the liver of patients with chronic hepatitis B (Hadziyannis et al., 1973). The
42-nm-diameter infectious viral particles or Dane particles (Dane et al., 1970)
contains the three envelope proteins (Heerman et al., 1987). Apart from virions, the
small and the large envelope proteins also form spherical and filamentous void
particles that are produced by the infected cells in 103–105 fold excess over virions.

The ORF C has two in frame initiation codons (PreC and C). When translation
initiates at the C codon, the hepatitis B core antigen (HBcAg) is synthesized. The
HBcAg forms heterodimers that self-assemble to form the viral nucleocapsid
(Chang et al., 1994). If translation initiates at the PreC ATG codon, the produced
protein contains the complete HBcAg plus a leader sequence that directs the nas-
cent polypeptide to the endoplasmic reticulum where it is cleaved and secreted as a
soluble antigen, termed hepatitis B e antigen (HBeAg), into the blood stream
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(Ou et al., 1986). Detection of HBeAg in serum is associated with high viral rep-
lication and infectivity (Magnius and Espmark, 1972; Magnius et al., 1975), al-
though its exact role in the viral life cycle is not fully understood. Studies in mice
suggest that HBeAg may cause depletion of Th1 helper cells that would allow viral
persistence (Milich et al., 1990, 1998). Apart from this, HBeAg may modulate the
nucleocapsid stability by forming heterodimers with the HBcAg (Lamberts et al.,
1993; Guidotti et al., 1996).

The ORF P encodes the viral polymerase that has two major domains separated
by a spacer region (Bavand et al., 1989) The amino-terminal domain is indispen-
sable for the packaging of the pregenomic RNA and in the priming of minus strand
DNA (it is the protein attached at the 50 end of this DNA strand), while the
carboxy-terminal domain is the reverse transcriptase with RNase H activity (Land-
ford et al., 1999).

The fourth ORF, the ORF X, encodes a protein termed X (HBx) which func-
tion in natural infections is not well known, although studies performed in wood-
chucks have shown that the woodchuck HBx is necessary for the establishment of
chronic infection (Zoulim et al., 1994). HBx is a transcriptional transactivator of
viral and cellular transcription elements and stimulates cytoplasmic signal trans-
duction pathways (Bonchard and Schneider, 2004).

Transcription of the four ORFs is controlled by four independent promoters
and a unique polyadenylation signal, producing four overlapping mRNAs of 3.5,
2.4, 2.1 and 0.7 kb in length. The 0.7 kb transcript produces the HBx, while the
3.5 kb mRNA produces the polymerase, precore and core proteins and it is also
used as the pregenomic RNA, that is reverse transcribed during replication of the
viral genome. The 2.4 kb transcript is the mRNA of the L and M surface proteins,
while the 2.1 kb transcript is the mRNA of the S protein (Fig. 2).

The mechanism by which HBV enters into the hepatocytes is not well known.
It is thought that the PreS1 region of the large envelope protein mediates the
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Fig. 2 HBV transcripts.
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attachment of the virus with the viral receptor or receptors in the hepatocyte
membrane (Machida et al., 1983; Franco et al., 1992; Hertogs et al., 1993; Mehdi et
al., 1994; McGwire et al., 1997; Tong et al., 1999). Once into the cell, the virus
is uncoated by an unknown mechanism, the synthesis of the plus-strand DNA
is completed and the viral DNA is delivered to the cell nucleus. The viral DNA
enters the hepatocyte nucleus in a relaxed circular form and it is converted into a
covalently closed-circular DNA (cccDNA) molecule by unknown DNA repair
enzymes. This cccDNA is the template for the transcription of viral mRNAs,
including the pregenomic RNA (Summers and Mason, 1982).

As mentioned above, replication of the viral genome occurs through the reverse
transcription of the pregenomic RNA. Pregenomic RNA is packaged into viral
nucleocapsids together with the viral polymerase that binds to an RNA stem-loop
structure termed Epsilon located at the 50 end of the pregenomic RNA (Pollack and
Ganem, 1993; Wang et al., 1994). The viral polymerase itself functions as a protein
primer in the initiation of the synthesis of the minus-strand, being the template of
the reaction a bulge of the Epsilon signal (Pollack and Ganem, 1994; Zoulim and
Seeger, 1994). After the synthesis of only four nucleotides, the nascent DNA strand
is translocated, by an unknown mechanism, to a homologous region in the direct
repeat 1 region at the 30 end of the pregenomic RNA. The synthesis of the plus-
strand DNA is primed by an RNA oligomer derived from the 50 end of the pre-
genomic RNA, which is produced after degradation of the remaining pregenomic
RNA by the RNase H activity of the viral polymerase (Radziwill et al., 1990). This
oligoribonucleotide is translocated to the direct repeat 2 region of the previously
synthesized minus-strand DNA which is the template for the synthesis of the plus-
strand DNA. Once the synthesis of the plus-strand is initiated, the capsids con-
taining the partially double-stranded viral DNA migrate bidirectionally within the
cytoplasm. A fraction of the capsids migrates to the endoplasmic reticulum where it
interacts with the envelope proteins to form virions that are transported out of the
cell. The other fraction migrates to the nucleus to amplify the pool of cccDNA
(Fig. 3).

Natural history of HBV infection

Perinatal or horizontal infection early in life are the main routes of HBV trans-
mission in high endemic areas, whereas in low endemic areas HBV infection occurs
in adolescents and adults due to injection drug use or to high sexual activity. In
acute HBV infections, HBsAg is first detected in serum after 4–10 weeks of
incubation period, followed by antibodies against core antigen (anti-HBc) of IgM
type. At the time of detection of HBsAg, viremia is already established and HBV-
DNA is detected in serum at very high titers (Hoofnagle, 1981). HBeAg is also
detectable in most cases. When acute infection is self-limited, HBsAg and HBeAg
disappear and antibodies against HBsAg (anti-HBs) and HBeAg (anti-HBe)
become detectable. At this time, HBV-DNA is also undetectable by molecular

Hepatitis B Virus and Hepatitis C Virus 113



hybridization techniques. This fact leads to the notion that the disappearance of
HBsAg with the development of anti-HBs and the absence of serum HBV-DNA
tested by molecular hybridization techniques implied the complete clearance of the
infection. However, with the development of the polymerase chain reaction (PCR)
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it has became evident that HBV-DNA may persist in serum, liver and peripheral
blood mononuclear cells long years after the apparent resolution of the acute HBV
infection (Michalak et al., 1994; Cabrerizo et al., 1997; Yotsuyanagi et al., 1998).
The clinical significance of this viral persistence (called occult HBV infection) after
a self-limited acute HBV infection remains to be established.

In around 95% of adults with an acute hepatitis B, the infection is
clinically resolved with the development of anti-HBs. However, in 1–5% of the
cases, HBsAg, HBeAg and high serum HBV-DNA levels persist and when this
occurs for more than 6 months it is considered that the patients have become
chronically infected by the virus. In patients with chronic HBV infection, HBsAg
and anti-HBc (IgG class) are always positive, while HBeAg and anti-HBe may be
positive or negative. In HBeAg chronic hepatitis, HBV-DNA levels, although lower
than in acute phase, are still high enough to be detected by conventional
hybridization techniques. The clinical course of this phase of the infection depends
on the age at infection. When the virus is acquired at birth or early in child-
hood, the disease activity is generally mild with normal or near normal
serum aminotransferase levels. However, if the infection is acquired in the
adolescence or adulthood, the disease activity is usually high with elevated serum
aminotransferase levels.

A key event in the evolution in the natural history of chronic hepatitis B is the
seroconversion from the HBeAg-positive status to the anti-HBe positive
status. Seroconversion is associated with the improvement of disease activity and
with a marked decrease in HBV replication and so, in serum HBV-DNA levels
that may be undetectable by molecular hybridization techniques, but these viral
DNA levels are still detectable by PCR. In most patients, seroconversion into anti-
HBe is the initial step to inactive HBsAg carrier state. However, in a fraction of
anti-HBe-positive patients, serum HBV-DNA levels remain high. These patients
are infected by naturally occurring HBV mutants that are unable to produce
HBeAg due to mutations in the precore region or in the core promoter (Carman et
al., 1989; Okamoto et al., 1994). These mutants appear during the natural course of
the chronic HBV infection and become the predominant viral population during
seroconversion into anti-HBe (Lok and McMahon, 2001).

The inactive HBsAg carrier state, also known as healthy or asymptomatic
carrier state, is characterized by detectable HBsAg and anti-HBe in serum, normal
serum aminotransferase levels and low or undetectable circulating HBV-DNA. The
prognosis of this type of patients is usually good but up to 30% of the cases may
experience a reactivation of the infection and may develop a progressive liver
disease (Hsu et al., 2002). Finally, some carriers may spontaneously lose the HBsAg
and develop anti-HBs. Classically, it has been considered that these patients are
cured of the HBV infection. However, as occurs with the patients that resolved an
acute HBV infection, these patients may have low levels of HBV-DNA in serum
and/or in liver (occult HBV infection) (Tanaka et al., 1990; Loriot et al., 1992), but
the clinical impact of this viral persistence remains unknown.

The interpretation of HBV serological markers is summarized in Table 1.
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Diagnosis of HBV infection

HBV antigens

The two antigens that can be detected in serum or plasma by commercially available
enzyme immunoassays (EIA) are HBsAg and HBeAg. HBsAg is the sentinel marker
for the confirmation of acute HBV infection as it can be detected as early as 6 weeks
after exposure. Furthermore, it is also the viral marker that indicates the establish-
ment of a chronic HBV infection, as this clinical situation is defined by the persistence
of HBsAg for at least 6 months after exposure (Lok and McMahon, 2001). HBeAg is
detected in the circulation in both acute and chronic infections. Its presence is as-
sociated with high serum HBV-DNA levels. However, as mentioned above, in pa-
tients infected with viral mutants unable to produce HBeAg, HBV-DNA levels in
serum may be also high and so HBeAg is not a reliable marker of HBV replication.

Antibodies against HBV proteins

The anti-HBV antibodies that can be detected by commercial EIA tests are anti-
HBc (total and IgM class), anti-HBe and anti-HBs.

Total anti-HBc is detected early after infection and remains detectable for life,
independently of the outcome of the infection. Total anti-HBc can be detected in

Table 1

Interpretation of hepatitis B virus serological markers

HBsAg Anti-

HBs

Anti-

HBc

Anti-

HBc

IgM

HBeAg Anti-

HBe

HBV-

DNA

Interpretation

+ � + + + � + Acute infection

+ � + – + � + Chronic

infection (active

phase)

+ � + � � + � Chronic

infection

(inactive phase)

+ � + � � + + Chronic

infection (pre-

core or core

mutants)

� +/� + � � � � Resolution of

infection

� +/� + – � � + Occult infection

� + � � � � � Successfully

vaccinated
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the presence or absence of HBsAg and anti-HBs and it is the only HBV marker that
is present in sera of patients who resolve the infection but who do not develop anti-
HBs. Anti-HBc of IgM class is present during acute HBV infection at high titers.
These titers decline as the acute infection is resolved and the anti-HBc IgM
becomes undetectable after the appearance of anti-HBs. Very low titers of anti-HBc
IgM can also be detected during chronic infections by means of very sensitive EIA
(Brunetto et al., 1993).

Anti-HBe appears after disappearance of HBeAg and, in patients infected with
the wild-type HBV, its detection is associated with the decline in viral replication,
but in patients infected with mutants unable to produce HBeAg, anti-HBe may be
detected in the presence of high viral replication levels.

Anti-HBs appears either after HBV vaccination or after resolution of an acute
HBV infection in association with the disappearance of HBsAg and it is considered
a marker of the resolution of the infection (although as stated earlier, HBV-DNA
may persist in liver and/or in serum of anti-HBs positive patients). Anti-HBs may
also appear, although rarely, in chronic HBV carriers who resolved the infection
either spontaneously or after a successful antiviral therapy. Anti-HBs usually per-
sists for life but it may become undetectable along time.

HBV-DNA detection

Testing for serum HBV-DNA is the best way to determine viral replication and
persistence, although HBV-DNA assays are not recommended at present for the
routine evaluation of patients with chronic HBV infection. Serum HBV-DNA is
detected few days after infection and reaches the peak at the time at which clinical
symptoms of acute hepatitis appears (Whalley et al., 2001). When infection is self-
limited, HBV-DNA titers decrease dramatically although viral DNA may remain
detectable in serum by PCR long years after the resolution of acute infection
(Michalak et al., 1994; Cabrerizo et al., 1997; Yotsuyanagi et al., 1998). In patients
with chronic HBV infection, viral DNA levels are high (detectable by hybridiza-
tion-based techniques) in the HBeAg-positive phase and decline at the time of anti-
HBe seroconversion, except in patients infected with precore or core promoter
mutants. However, it must be stressed that HBV-DNA may remain detectable in
serum by PCR even in those patients that resolve a chronic HBV infection with the
disappearance of HBsAg and with the development of anti-HBs.

In early years, HBV-DNA detection in serum was performed by conventional
molecular hybridization techniques (Berninger et al., 1982; Valentine-Thon et al.,
1991), which had a detection limit of around 104 genome copies per reaction.
Nowadays, these techniques are not used in the clinical practice since more sensitive
commercial available tests have been developed. The main drawback of these tests
is that HBV-DNA units used in the various assays do not represent the same
amount of viral DNA. However, the establishment by the World Health Organ-
ization of an international HBV reference standard and the definition of an HBV-
DNA international unit (IU) (Saldanha et al., 2001) allows the comparison of the
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results obtained with the different assays. These new tests can be divided into two
groups: those based on signal amplification following molecular hybridization and
those based on target amplification (PCR).

The assays based on signal amplification relay on enhancing a signal instead of
the amplification of a nucleic acid target. This implies that strict procedures to
prevent contamination (as occurs in PCR-based techniques) are not needed. How-
ever, these tests have a lower sensitivity than PCR-based tests.

The first available test for HBV-DNA detection based on signal amplification
was the Digene Hybrid Capture assay (De Lamballerie et al., 1995). In this test,
denatured HBV-DNA is hybridized with an HBV-RNA probe and the DNA–RNA
hybrids are captured by and anti-DNA–RNA antibody immobilized in tubes.
Further amplifications lead to the generation of chemiluminescence, which is pro-
portional to the amount of HBV-DNA in a given serum sample. The detection limit
of this assay is around 1.4� 105 copies/ml.

A more sensitive assay, based on signal amplification, is the VERSANT HBV
DNA 3.0 assay (Yao et al., 2004). In this test, viral DNA is hybridized with a set of
specific oligonucleotides fixed in microtiter wells. Then, a series of sequential hy-
bridizations allows the formation of a branched DNA complex to which, multiple
copies of an alkaline phosphatase-labeled probe are hybridized. Finally, detection
is performed using an alkaline phosphatase chemiluminescent substrate and the
intensity of the light emission is directly related to the HBV-DNA amount on each
sample. The HBV-DNA concentration is calculated from a standard curve derived
from internal DNA standard. The limit of detection of this assay is 3.6� 103

copies/ml.
Regarding assays based on target amplification, the first commercially

available test was the Amplicor HBV Monitor (Gerken et al., 1998), which
was followed by a semiautomatic version (COBAS Amplicor HBV Monitor) of
this assay (Lopez et al., 2002). These assays have a lower detection limit
(2� 102 copies/ml) and quantitation of the amount of HBV-DNA relies on
the co-amplification of a standard of known concentration. The main drawback
of this test is its narrow linear range (from 2� 102 to 2� 105 copies/ml). This
fact is due to reagent exhaustion and saturation effects due to high template
loads.

The problem of the linear range of the PCR-based assays has been solved
with the development of the real-time PCR. In this technique, by using
fluorochrome labeling, the accumulation of PCR products is measured during
the exponential phase of amplification in real time. Regarding the com-
mercial assays based on real-time PCR, the COBAS Taq-Man HBV test employs
a dual fluorophore-labeled probe that hybridizes with the PCR product. The
linear range of this assay goes from 30 to 1.1� 108 IU/ml (Gordillo et al.,
2005). Another test based on real-time PCR is the Artus realArt HBV PCR
Kits that has been developed for different real-time platforms (Stelzl et al.,
2004). The linear range of these assays for the different instruments is from 20 to
108 IU/ml.
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Hepatitis C virus

HCV is the causal agent of chronic liver infection originally identified as non-A,
non-B hepatitis. HCV was identified by expression cloning of the genome from a
serum sample of a chimpanzee and using for the detection antibodies isolated from
the serum of a patient with acute non-A and non-B hepatitis (Choo et al., 1989).
The global prevalence of HCV infection is around 3% (170 million people) (Lauer
and Walker, 2001) and is the leading cause of liver transplantation in the United
States and other countries (Terrault, 2000). The main route of HCV transmission is
exposure to infected blood via intravenous drug use or unscreened transfusions
(Lauer and Walker, 2001). Nosocomial transmission during hemodialysis, colo-
noscopy and surgery has been also reported (Duckworth et al., 1999; Kokubo et al.,
2002; Tallis et al., 2003). HCV may be also transmitted perinatally and sexually but
with a low frequency, except if the HCV-infected mother or the sexual partner is
also infected with the human immunodeficiency virus (Everhart et al., 1990; Eyster
et al., 1991; Roudot-Thoraval et al., 1993; Zanetti et al., 1995).

Molecular biology of HCV

HCV belongs to the genus Hepacivirus in the Flaviviridae family of viruses, to-
gether with Pestiviruses and Flaviviruses (Ohba et al., 1996). HCV genome is a
9.6 kb uncapped, linear, single-stranded RNA molecule of positive polarity (Kato
et al., 1990; Takamizawa et al., 1991) that serves as template for both translation
and replication. The HCV-RNA contains two untranslated regions at the 50 and 30

ends and a single ORF that encodes for a 3010–3030 amino acid polyprotein that is
processed post-transcriptionally by host- and virus-encoded proteinases to produce
the structural (core, E1 and E2) and nonstructural (p7, NS2–NS5) viral proteins
(Fig. 4). Translation of viral proteins depends on an internal ribosome entry site
(IRES) in the 50 untranslated region (50 UTR), which has a complex RNA structure
that directly interacts with the 40S ribosomal subunit during translation initiation
(Pestova et al., 1998).

Comparison of nucleotide sequences of HCV variants isolated from different ge-
ographical regions has revealed the existence of six major genetic groups (genotypes)

1   191    384       747  810       1027                  1658     1712     1973       2421          3010  aa

Structural genes Non-structural genes

5’UTR 3’UTR
C E1 NS5BE2 P7 NS2 NS3 NS4A NS4B NS5A

Fig. 4 Organization of the HCV genome.
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and more than 30 subtypes throughout the world (Bukh et al., 1995). The importance
of the genomic heterogeneity lays in the fact that the response to interferon treatment
in patients with chronic HCV infection depends on the infecting HCV genotype
(Brechot, 1997). Apart from this genetic diversity of HCV, there is also a high var-
iability of individual HCV variants because of the lack of proof-reading activity of the
viral polymerase, which produces mutation rate of the HCV genome of 10�3 per
nucleotide per year (Ogata et al., 1991). This fact accounts for HCV circulation in a
single patient as a population of closely related but heterogeneous sequences or qua-
sispecies (Martell et al., 1992). Although these mutations take place throughout the
HCV genome, the highest mutation rate occurs in the E2 protein-coding region in
which two hypervariable sequences (HVR1 and 2) are located at the 50 end of this
domain. In contrast, the 50UTR is highly conserved among different isolates.

As mentioned above, the HCV genome contains two long UTRs at its 50 and 30

ends. The 50UTR has extensive secondary structures (Brown et al., 1992) that
provide a structure able to engage the ribosome for translation initiation at the
IRES (Hellen and Pestova, 1999). As the 50UTR is the most conserved region of the
HCV genome it is used for the detection of HCV-RNA by PCR in infected patients
and for determining the HCV genotype. Regarding the 30UTR, early studies sug-
gested that this 30 end of the HCV genome was a polyA (Han et al., 1991) or polyU
(Chen et al., 1992) tract. However, later studies have shown that the 30UTR is a
tripartite structure comprising the conventional 30 end, a polyU tract and a highly
conserved sequenced termed 30X tail (Kolykhalov et al., 1996; Tanaka et al., 1996;
Yonagi et al., 1999). The 30UTR interacts with cellular hosts proteins (Luo, 1999)
and it is essential for both translation and replication of HCV genome (Ito et al.,
1998; Yanagi et al., 1999; Kolykhalov et al., 2000).

As previously mentioned, the viral polyprotein is processed by a set of host and
viral proteinases into structural proteins and NS enzymes. The structural proteins
are located at the carboxy-terminus of the polyprotein, while the NS proteins
implicated in viral replication, are located at the amino-terminal portion of the
polyprotein.

The core protein is a highly basic protein of 191 amino acids which is cleaved
from the polyprotein by host-encoded proteases and that forms the viral nucleoca-
psid (Santolini et al., 1994). Apart from its ability to interact with genomic HCV-
RNA to form nucleocapsids, the core protein modulates several cellular signaling
pathways (Ray et al., 1995; Shrivastava et al., 1998; You et al., 1999). In addition,
in vitro studies suggest that the core protein may modulate the host immune re-
sponse (Large et al., 1999; De Lucas et al., 2005).

The envelope proteins E1 and E2 are the major structural viral proteins. Both
are glycoproteins that are released from the polyprotein by the action of host-
encoded signal peptidases. E1 and E2 proteins are essential for cell infection as they
bind to cell receptor/s and induce fusion with host-cell membrane (Bartosch et al.,
2003a). E2 is the most variable region of the HCV genome (Weiner et al., 1991) and
contains two hypervariable regions (HVR1 and 2). HVR1 contains the only neu-
tralization epitope identified in HCV (Farci et al., 1996) and its variability is likely
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due to antibody selection of immune-escape variants as demonstrated by the lack of
variability in this region in an HCV-infected agammaglobulinemic patient after 5
years (Kumar et al., 1994). HVR2 comprises 7 amino acids of the E2 proteins that
may have up to 100% of the sequence variability. HVR1 together with HVR2 seem
to be implicated in the binding of E2 to the putative HCV receptor in the cell
membrane (Roccasecca et al., 2003). Apart from its structural function, the E2
glycoprotein may be implicated in the HCV resistance to interferon by inhibiting
the interferon-inducible protein kinase R (PKR) (Taylor et al., 1999).

The p7 polypeptide is a membrane protein of 63 amino acids that is cleaved
from the precursor polyprotein by host signal peptidases. The p7 polypeptide
has ion-channel activity (Griffin et al., 2003) and although its exact role in viral
life cycle is unknown, it seems that it is essential for infectivity (Sakai et al.,
2003).

The NS2 is a transmembrane protein with the only known function of par-
ticipating in the cleavage of the polyprotein at the NS2–NS3 junction (Pieroni et
al., 1997).

The NS3 protein is a 70 kDa protein and is a key enzyme in the virus life cycle.
This protein has at least two biochemical functions: the first 189 amino-terminal
amino acids have a serine protease activity that is responsible of the proteolytic
processing of the polyprotein at NS3/NS4a, NS4a/NS4b, NS4b/NS5a and NS5a/
NS5b junctions (Gallinari et al., 1998). The 442 carboxy-terminal amino acids of
the protein have an RNA helicase function that unwinds RNA for replication and
translation (Tai et al., 1996).

The NS4 region of the polyprotein contains two proteins termed NS4a and
NS4b. These proteins are cleaved from the polyprotein by the NS3 serine protease
(cis cleavage at the NS3/NS4a junction and trans cleavage at the NS4a/NS4b
junction). The NS4a protein is a cofactor of the NS3 serine protease (Sali et al.,
1998), while the NS4b is implicated in the formation of the membranous web in
which HCV replication takes place (see below) (Egger et al., 2002).

As in the case of NS4, the NS5 region of the polyprotein contains two proteins,
NS5a and NS5b, which are released from the polyprotein by the NS3 protease
together with NS4a. The actual role of NS5a in the viral life cycle is unknown at
present. The fact that adaptive mutations that appear in the replicon system (see
below) are clustered in the central region of the NS5a (Blight et al., 2000), suggests
that this protein is involved in the viral replication process. However, against this
hypothesis is the fact that mutant genomes carrying the mutations that confer
replication advantage in the replicon system are unable to initiate productive in-
fections in vivo (Bukh et al., 2002). In vitro studies have shown that the NS5a
protein inhibits the activity of the interferon-inducible PKR (Gale et al., 1998)
suggesting that NS5 protein may be involved (together with the core and E2 pro-
teins) in the HCV resistance to interferon. In relation with this, Japanese studies
have postulated the existence of a region of 40 amino acids inside the NS5a protein
termed ‘‘interferon sensitivity-determining region’’ (ISDR) that modulates the re-
sponse to interferon alpha therapy in vivo (Enomoto et al., 1995, 1996). However,
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other studies performed outside Japan have not confirmed the existence of the
ISDR (Khorsi et al., 1997; Zeuzem et al., 1997) and in vitro studies have shown that
the NS5A-mediated resistance to interferon is not regulated (at least exclusively) by
the ISDR (Paterson et al., 1999).

The sequence of the NS5b protein is highly conserved between the different
HCV genotypes. It contains the GDD motif, which is characteristic of all viral
RNA-dependent RNA polymerases (Kamer and Argos, 1984). Thus, the NS5b
protein is the HCV polymerase and its biochemical properties have been extensively
characterized (Behrens et al., 1996; Lohmann et al., 1997).

Regarding HCV virions, virus-like particles of 55–65 nm have been visualized
by electron microscopy in plasma from infected patients (Kaito et al., 1994) as well
as in the liver of a chimpanzee with acute HCV infection (Shimizu et al., 1996).
HCV particles circulate in serum as virions bound to very-low and low-density
lipoproteins, virions bound to immunoglobulins and as free virions (Thomssen
et al., 1992, 1993; Hijikata et al., 1993). Apart from this, viral particles with char-
acteristics of naked nucleocapsids have been also found in plasma (Maillard et al.,
2001). The infectious virion fraction is at present unknown, although it has been
suggested that the lipoprotein fraction is more infectious than the antibody-coated
fraction (Kanto et al., 1994; Bartosch et al., 2005). The lack of a reliable cell culture
system for HCV has hindered the characterization of critical steps of the viral cycle
such viral entry into cells. In spite of this, several putative viral receptors have been
identified including the low-density lipoproteins receptor (Agnello et al., 1999), the
type C lectins DC-SIGN and L-SIGN (Pöhlmann et al., 2003), the tetraspanin
CD81 (Pileri et al., 1998) and the scavenger receptor BI (SR-BI) (Scarselli et al.,
2002). In vitro studies suggest that SR-BI is required for HCV infection of cells that
express CD81 or low-density lipoprotein receptor, although other liver specific co-
factors seem to be also necessary (Bartosch et al., 2003b).

Hepatitis C virus is mainly hepatotropic. However, patients with chronic HCV
infection frequently present several extrahepatic manifestations (Hadziyannis,
1997). In relation with this, HCV-RNA and/or proteins have been detected in
several extrahepatic compartments such as peripheral blood mononuclear cells
(PBMC), heart, brain, kidney, skin, oral mucosa, salivary glands, sweat glands,
pancreas, bone marrow or spleen (Zignego et al., 1992; Laskus et al., 1998; Arrieta
et al., 2000; Matsumori et al., 2000; Rodriguez-Iñigo et al., 2000; Yan et al., 2000;
Arrieta et al., 2001; Lazaro et al., 2002; Ortiz-Movilla et al., 2002; Radkowski et al.,
2002). However, it is unclear at present whether or not these extrahepatic man-
ifestations are directly related with the presence of the virus in the different tissues.

Regarding HCV replication, it is believed that it takes place throughout a RNA
intermediate of negative polarity (negative HCV-RNA strand) as occurs in other
Flaviviruses (Chambers et al., 1990). In fact, the detection of the negative HCV-
RNA strand in a given tissue is considered as an indicator of an ongoing HCV
replication in the tissue (Fong et al., 1991; Navas et al., 1994). The development of
the HCV replicon system has allowed the study of the molecular aspects of HCV
replication. The HCV replicons consist in genomic HCV-RNA that are able to
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replicate in a specific hepatoma cell line termed Huh-7. The first replicon developed
consisted in bicistronic constructs with a selectable gene (neomycin-resistance)
downstream the HCV IRES, followed by the encephalomyocarditis virus IRES
controlling the translation of the second cistron, consisting in the NS genes
NS3–NS5. The latest replicons include in the second cistron the complete HCV
ORF (Pietschmann and Bartenschlager, 2001). Using this system, it has been
shown that HCV replication occurs via the HCV-RNA negative-strand within a
membranous compartment in cell cytoplasm called membranous web (Egger et al.,
2002; Gosert et al., 2003). Furthermore, analyses of Huh-7 cells harboring the HCV
replicon have demonstrated that HCV replication is coupled with the cell cycle
(Pietschmann et al., 2001), as it was previously suggested based on the dependence
of the HCV IRES activity on cell cycle (Honda et al., 2000).

The main drawback of the replicon system is that, although it is able to express
HCV proteins and to persist for years in the cells, no encapsidation or secretion of
viral particles to the culture medium has been observed with this model. However,
the recent development of in vitro systems that permit the formation and release of
HCV particles (Heller et al., 2005; Lindenbach et al., 2005) will allow the study of
the molecular mechanisms governing the complete viral life cycle.

Natural history of HCV infection

Clinically, acute hepatitis C is similar to other forms of acute viral hepatitis. The
incubation period, from infection to the onset of the symptoms, ranges from 7 to 20
weeks (Alter et al., 1989). The first marker of HCV infection that appears in serum
is HCV-RNA that can be detected within 1–2 weeks after exposure (Hino et al.,
1994). Later on, serum aminotransferase levels increase followed by appearance of
antibodies to HCV (anti-HCV). In general, the first anti-HCV antibodies detected
are of IgM class (Quiroga et al., 1991) but in some cases, the appearance of anti-
HCV IgM coincides with that of anti-HCV IgG (Brillanti et al., 1993).

If acute HCV infection resolves, the HCV-RNA and the anti-HCV IgM be-
come undetectable in serum, while titers of the anti-HCV IgG decrease and, in
some cases, may become undetectable several years after the resolution of the acute
infection (Takaki et al., 2000).

In 70–80% of patients acutely infected with HCV, the infection becomes
chronic (Puoti et al., 1992; Seeff et al., 2001). In these patients, serum aminot-
ransferase levels remain elevated while HCV-RNA, anti-HCV IgG and IgM are
detectable in serum. Around 25% of chronic HCV carriers may have normal ami-
notransferase levels (Alberti et al., 1992). These so-called healthy carriers do not
differ from the chronic carries with abnormal aminotransferase levels in clinical or
virological characteristics (Naito et al., 1994; Jamal et al., 1999), but the histolog-
ical damage is milder and the progression of the liver lesion is slower than
in chronic carriers with elevated aminotransferase levels (Shindo et al., 1995;
Mathurin et al., 1998).
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Recently, a new form of HCV infection called ‘‘occult HCV infection’’ has been
described in patients with abnormal liver function tests of unknown etiology (pa-
tients were anti-HCV and serum HCV-RNA negative, did not have markers of
HBV infection and did not have clinical or biochemical evidences of autoimmunity,
genetic or metabolic disorders, alcohol intake or drug toxicity). By analyzing liver
biopsies from 100 patients with the above mentioned characteristics, Castillo et al.
(2004) found HCV-RNA in the liver of 57 of the cases. Furthermore, the negative
HCV-RNA strand was detected in 48 out of the 57 cases (84.2%), indicating that
the virus was replicating in the liver of patients with occult HCV infection. The
clinical importance of this finding lays in the fact that the percentage of patients
with occult HCV infection who had necroinflammation and fibrosis in the liver
biopsy was statistically higher than that of patients without detectable HCV-RNA
in liver. In fact, 5% of patients with occult HCV infection had liver cirrhosis, while
cirrhosis was not seen in patients without occult HCV infection. In 70% of patients
with occult HCV infection, HCV-RNA is also detected in PBMC (Castillo et al.,
2004) and, as occurs in the liver, the virus also replicates in these cells (Castillo et
al., 2005). As mentioned above, patients with occult HCV infection are anti-HCV
and serum HCV-RNA negative, but the viral RNA may be detected in a small
percentage of them (14%) using whole blood instead of serum to perform the
analysis (Carreño et al., 2004). In any case, the only way to identify all cases of
occult HCV infection is to test for the presence of HCV-RNA in livers of patients.

HCV-RNA in liver in the absence of viral RNA in serum has also been reported
in patients with chronic hepatitis C with a sustained virological response, years
after the end of treatment (Pham et al., 2004; Carreño et al., 2005; Radkowski et
al., 2005a). Moreover, it has been demonstrated that HCV is also replicating in the
liver of these sustained virological responders (Carreño et al., 2005). As occurs in
patients with occult HCV infection, testing for HCV-RNA in liver is the only way
to determine if HCV persists in the hepatic tissue of patients with chronic hepatitis
C who respond to the antiviral therapy with disappearance of HCV-RNA from
serum and normalization of aminotransferase values. The clinical relevance of this
HCV persistence must be further studied, but this situation should be taken into
account in special circumstances (cytotoxic or immunosuppressive therapy), as it
has been reported in a patient with chronic hepatitis C who cleared serum HCV-
RNA with normalization of aminotransferase levels and persisted so during 8.5
years, the reemergence of HCV infection following prednisone therapy (Lee
et al., 2005).

Diagnosis of HCV infection

Screening assays for HCV antibodies

The primary antibody response in patients with an acute HCV infection is an IgM
class anti-HCV against the core antigen, which is rapidly followed by the IgG
response. However, anti-HCV IgM antibodies are not limited to the acute phase of
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the disease. Thus, these antibodies can be detected in 50–93% of patients with acute
HCV infection and in 50–70% of chronic cases. Because of this, anti-HCV IgM is
not a reliable marker of acute infection (Pawlotsky, 1999).

The initial test for routine diagnosis of HCV infection is detection in serum or
plasma of anti-HCV IgG class. There are several available tests for this purpose but
the most commonly used are EIA or enzyme-linked immunosorbent assays
(ELISA), which are rapid, easy to perform and suitable for testing large number of
samples. The first-generation EIAs used the c100-3 epitope of the NS4 (Kuo et al.,
1989). These assays had a low sensitivity (80%) and specificity (30%) (Gretch,
1997). Thus, second-generation EIAs were developed incorporating additional an-
tigens from core (c22-3) and from NS3 proteins (c33c). These new assays led to a
greater sensitivity (95%) and specificity (90%) and detected anti-HCV antibodies
30–90 days sooner than first-generation assays (Alter, 1992; Gretch, 1997). Third-
generation immunoassays incorporated an additional antigen (NS5) to the second-
generation assays, showing a better sensitivity and specificity (97%) as compared
with previous assays (Kao et al., 1996). Finally, a fourth-generation enzyme
immunoassay has also been developed using antigens (core, NS3, NS4A, NS4B and
NS5A) from the HCV genotypes 1a, 1b, 2 and 3a, which has increased both the
sensitivity and specificity (99%) (Neville et al., 1997; Cramp et al., 1999).

Confirmatory tests for anti-HCV

To confer specificity on positive EIA results other assays were introduced based on
immunoblotting. The third-generation assays (RIBA, SIA or Inno-LIA) have, applied as
separate lines to the solid phase, recombinant or synthetic peptides from the core, NS3,
NS4 and NS5 of HCV genome. In addition, Inno-Lia uses also the E2 antigen. All these
assays contain human superoxide dismutase or streptavidin in another line to detect
nonspecific antibodies (false-positive results on EIAs). As third- and fourth-generation
EIAs has remarkably increased the specificity of anti-HCV detection, these confirmatory
tests are not necessary when screening high-risk population but they must be used to
confirm positive-EIA results in low-risk populations (i.e. healthy blood donors).

HCV core antigen detection

An EIA has been developed to detect and quantitate HCV core antigen in serum or
plasma. This assay has an initial immune complex dissociation step that removes
bound anticore antibodies prior to the antigen detection with a monoclonal anti-
body (Bouvier-Alias et al., 2002). The clinical usefulness of this test is limited as
HCV-RNA detection methods are more sensitive.

Serum HCV-RNA detection

The most reliable marker for the diagnosis of HCV infection and for assessing
antiviral response to treatment is detection of viral RNA in serum or plasma
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(Houghton et al., 1991). HCV-RNA can be detected 1–2 weeks after exposure to
the virus and weeks before the increase in aminotransferase levels and appearance
of anti-HCV (Farci et al., 1991). In some patients, the presence of HCV-RNA may
be the only evidence of HCV infection. However, a single negative viral RNA result
does not exclude HCV infection as HCV-RNA may be degradated due to improper
collection and/or storage of samples (Wang et al., 1992).

Serum HCV-RNA can be detected with several commercially available kits but,
due to the limited amount of HCV-RNA in infected persons, a target or signal
amplification method is always mandatory. Reverse transcription PCR (RT-PCR)
and transcription-mediated amplification (TMA) are target amplification methods,
while branched DNA (bDNA) is a signal amplification technique. The 50 UTR of
HCV genome is the template for HCV-RNA detection because it is the most con-
served region among all HCV isolates (Han et al., 1991). The commercially avail-
able HCV-RNA tests are divided into two categories: qualitative assays (presence
or absence of viral RNA in blood) and quantitative assays (amount of virus in 1ml
of blood).

Qualitative HCV-RNA assays. The qualitatitve tests are currently the most
sensitive methods for detecting the presence of HCV-RNA and thus, they are used
to confirm or to diagnose an HCV infection and to assess complete viral clearance
from blood during treatment or post-treatment period. These tests can detect as
low as 5 IU/ml (Table 2) and their specificities are estimated to be greater than
99.5%.

Quantitative HCV-RNA assays. These assays quantitate HCV-RNA in blood
by comparison with a standard curve established in each run by quantifying known
amounts of standard sequences. Initially, the units of expression of HCV-RNA
load differed among these assays and so, results obtained were not comparable.
Nowadays, these tests have been standardized and viral load is expressed in IU per
ml of serum (Table 2) (Saldanha et al., 1999). These assays are used to establish

Table 2

Qualitative and quantitative tests for HCV-RNA detection

Method Dynamic range (IU/ml)

Qualitative tests

Amplicor HCV Test 2.0 PCR X50

Cobas Amplicor HCV Test 2.0 PCR X50

Versant HCV RNA assay TMA X5

Quantitative tests

Amplicor HCV Monitor 2.0 PCR 600–700,000

Cobas Amplicor HCV Monitor 2.0 PCR 600–700,000

Versant HCV RNA 3.0 bDNA 615–7,700,000

LCx HCV-RNA PCR 25–2,630,000

SuperQuant PCR 30–1,500,000
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treatment schedules, being 800,000 IU/ml the decision threshold for extending the
duration of combination therapy in patients infected by HCV genotypes 1, 4 and 5
(Pawlotsky et al., 2000). In addition, these tests indicate during treatment whether
antiviral therapy is effective or not by measuring decreases in viral load (Davis et
al., 2003). However, as quantitative HCV-RNA detection methods are commonly
less sensitive than the qualitative ones (Table 2), they cannot be used to determine
complete viral clearance from circulation during or after treatment.

Recently, ‘‘real-time’’ PCR techniques have been developed. These methods are
based on target amplification and the amplified DNA can be detected during the
PCR process, in real-time rather than at the end of the process. Their dynamic
range of quantification is consistently wider (up to 108 IU/ml) and more sensitive
(5–20 IU/ml) (Forman and Valsamakis, 2004; Konnick et al., 2005). For these
reasons, ‘‘real-time’’ PCR will replace in the future the other assays for HCV-RNA
detection and quantification.

HCV-RNA detection in liver and peripheral blood mononuclear cells

No commercial kits are available for detection of HCV-RNA in liver or in other
tissues or cells, such as PBMC, because it has been considered that these assays do
not have any clinical relevance for diagnosis of HCV infection or for assessing
antiviral responses. However, recent reports have demonstrated that testing for
HCV-RNA in liver or in PBMC is crucial to identify the existence of an HCV
infection in patients with abnormal values of liver enzymes in the absence of anti-
HCV and of serum HCV-RNA (Castillo et al., 2004) and to assess the persistence
of HCV infection in patients who cleared serum HCV-RNA and normalized ALT
levels years after a successful antiviral treatment as well as in healthy anti-HCV
subjects without detectable viremia (Pham et al., 2004; Carreño et al., 2005; López-
Alcorocho et al., 2005; Radkowski et al., 2005a, b). This form of HCV infection is
known as ‘‘occult HCV infection’’.

These reports have detected HCV-RNA in liver and in PBMC by in-house RT-
PCR or ‘‘real-time’’ PCR. The critical step for an accurate viral RNA detection in
liver is preservation of HCV-RNA integrity and so, the liver biopsy must be im-
mediately frozen in liquid nitrogen or embedded in a chemical agent that inhibits
RNases to preserve the integrity of RNA. In this sense, it has been proven that the
time-elapsed between obtaining the liver biopsy and its freezing (to inhibit intra-
cellular RNases) must not be exceed 3min in order to prevent RNA degradation
and assure detection of both HCV-RNA-positive- and negative-strands (Madejon
et al., 2000).

Another technique for detecting HCV-RNA in liver or in PBMC is in situ

hybridization, based on the hybridization of the viral RNA present in cells with a
labeled-probe (Gosálvez et al., 1998, 2003). This technique is more tedious than
PCR methods but have the advantage that it can be applied to archived liver
samples (routinely obtained for histological diagnosis), cross-contamination among
samples does not occur and allows identification of the HCV-infected cell type. In
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addition, a recent paper has demonstrated that the percentage of HCV-infected
hepatocytes is a better predictor factor of response to antiviral treatment than
serum viremia levels (Rodriguez-Iñigo et al., 2005).

HCV genotyping

There are molecular and serological commercially available tests to determine HCV
genotypes. Based on the nucleotide differences in the 50UTR among genotypes,
molecular methods are PCR-techniques that detect these genotypes by direct se-
quencing or by hybridization with specific-probes of amplicons. The serological
assay identifies HCV genotypes by testing for type-specific antibodies against
epitopes in the NS4 or core region. This assay is easier to perform than the other
ones but has a lower sensitivity and specificity,
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Introduction

In areas where infection by hepatitis B virus (HBV) is prevalent and persistent,
perinatal transmission from HBV-infected mothers is an essential route for estab-
lishing a persistent carrier state.

These babies carrying HBV can transmit it via a secondary horizontal route to
infants of the same generation, who frequently acquire persistent HBV infections.
Approximately 30% of the infants exposed to HBV when under 3 years of age
become HBV carriers. Together, they serve as a reservoir of HBV throughout their
lives in the community, and may therefore cause, or contribute to, a continuous
spread of the infection.

Perinatal HBV infections resulting in the persistent carrier state occur in ap-
proximately 90% of babies born to mothers who are positive for hepatitis B surface
antigen (HBsAg) as well as hepatitis B e antigen (HBeAg) in the serum (Okada
et al., 1976; Stevens et al., 1979). Persistent infections rarely occur in babies born to
mothers who carry HBsAg, but are negative for HBeAg or are positive for the
antibody to HBeAg (anti-HBe). Only around 10–15% of babies contract transient
HBV infections (Shiraki et al., 1980).

In countries where the prevalence of HBsAg is less than 0.2–1.0% in children,
the perinatal HBV transmission is the major route where the HBV carrier state is
established. In these countries, a selective vaccination program, i.e., combined
passive–active immunoprophylaxis of babies born to mothers with HBsAg and
HBeAg by anti-HBs hyper-immune globulin (HBIG) and hepatitis B vaccine (HB
vaccine), is a rational approach to the control of HBV infection.

dx.doi.org/10.1016/S0168-7069(06)13008-6.3d


In contrast, in countries where the prevalence of HBsAg exceeds 8%, perinatal
transmission accounts for only 10–20% of infants who are persistently infected with
HBV (Yao, 1996; Lee, 1997). Since horizontal transmission to children younger than
5 years old is the major route by which the HBV carrier state becomes established in
these hyperendemic countries, universal vaccination of babies is recommended.

It is important to realize that universal vaccination prevents mainly horizontal
HBV transmission, but not perinatal HBV infection. In addition, the fact that
universal vaccination has the potential for inducing HBV mutants remains a se-
rious problem of this particular approach (Zanetti et al., 1988; Brunetto et al.,
1999).

In two model areas in Japan, Shizuoka and Iwate prefectures, the immuno-
prophylaxis of babies born to HBV carrier mothers with HBeAg, by means of
combined hepatitis B HBIG and HB vaccine, was started as a clinical trial in the
early 1980s and became a national project in 1986. This chapter presents an ac-
count of the experience gained in the prevention of perinatal HBV transmission
from the 1980s into the 1990s in Shizuoka and Iwate prefectures.

Carrier rates of hepatitis B virus in Japan

To understand the sero-epidemiological background of HBV infection in Japan,
the age-specific HBV carrier rates were estimated on a national basis (Tanaka et al.,
2004). To avoid selection bias, only the data of first-time blood donors aged 16–64
years in the Japanese Red Cross Blood Center were collected and analyzed.

During the 6 years from January 1995 to December 2000, 3,485,648 individuals
visited their local Japanese Red Cross Blood Centers for the first time to donate
blood. The proportion of HBsAg-positive subjects, determined by reversed-passive
hemagglutination (R-PHA) reagents made in-house by the Japanese Red Cross
Blood Center, was calculated. To ascertain the influence of age on the proportion
of HBsAg-positives, the ages of all first-time blood donors were adjusted, taking
the year 2000 as the current year. The sex- and age-specific HBsAg-positive rates
are shown in Table 1. Overall, HBsAg was detected in 22,018 (0.63%) of 3,485,648
blood donors. The prevalence of HBsAg was significantly higher in men (0.73%)
than in women (0.53%, po0.001), and increased in both with time until the age of
60 years. The HBsAg-positive rates were lowest in the age group under 20: 0.26 and
0.20% in men and women, respectively.

These data suggest that the improvement of sanitary conditions in Japan has
helped to decrease the horizontal transmission of HBV and the HBV carrier state in
the age groups born before the prevention of perinatal HBV transmission was
started in the 1980s.

Prevention of perinatal transmission of hepatitis B virus in Japan

The prevention of perinatal HBV infections has been followed up in two model
areas of Japan, namely, Shizuoka and Iwate prefectures.
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In Shizuoka prefecture, immunoprophylaxis of perinatal HBV infection was
initiated in 1980 as a clinical trial and became a national project in April 1986
(Noto et al., 2003). In a similar way in Iwate prefecture, following the clinical trial
that began in 1981, prophylaxis of perinatal HBV infection in all babies was started
in 1986 (Koyama et al., 2003).

The same protocol was used in both prefectures, and was executed as follows:
babies born to HBV carrier mothers who were HBeAg reactive (high-risk babies)
received HBIG at birth (within a maximum of 48 h after delivery) and the second
injection was given 2 months thereafter. The babies were inoculated with HB vac-
cine 2, 3 and 5 months after birth and were followed until the baby reached 12
months of age (arrows, Fig. 1). In cases in which the antibody titer fell to less than
22–23 PHA, inoculation was repeated as necessary at months 9 and 12 (arrows in
parentheses).

Immunoprophylaxis of perinatal HBV transmission in Shizuoka prefecture and its

effectiveness in decreasing the transmission of the HBV carrier state

Shizuoka prefecture is located near the center of the main island of Japan, at the
foot of Mt. Fuji, and has 3.6 million residents. In this prefecture, the first clinical
trial was started in 1980 (Tanaka et al., 2004).

Table 1

Age-specific HBsAg positive rates in first-time male and female blood donors in Japanese Red Cross

Blood Center from 1995 to 2000

Age groups

in 2000 (year

of birth)

Total

number of

first-time

donors

HBsAg

positives

(%)

Men Women

Number HBsAg

positives

(%)

Number HBsAg

positives

(%)

16–19

(1981–1984)

582,415 1327 (0.23) 273,842 709 (0.26) 308,573 618 (0.20)

20–29

(1971–1980)

1,929,147 10,054

(0.52)

1,004,986 5955 (0.59) 924,161 4099 (0.44)

30–39

(1961–1970)

472,447 3988 (0.84) 277,627 2828 (1.02) 194,820 1160 (0.60)

40–49

(1951–1960)

247,020 2950 (1.19) 120,576 1796 (1.49) 126,444 1154 (0.91)

50–59

(1941–1950)

198,477 2984 (1.50) 80,336 1388 (1.73) 118,141 1596 (1.35)

60–69

(1931–1940)

56,142 715 (1.27) 22,782 314 (1.38) 33,360 401 (1.20)

Total 3,485,648 22,018

(0.63)

1,780,149 12,990

(0.73)

1,705,499 9028 (0.53)
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During the 5 years from 1980 to 1985, a total of 172 high-risk babies received
immunophylaxis in a clinical trial. Of them, 166 (96.5%) were protected success-
fully so that they did not become HBV carriers, but this outcome could not be
prevented in the remaining 6 babies (3.5%).

In 1985, the year of transition of the clinical trial to a national program status,
out of 94 high-risk babies receiving immunoprophylaxis, 85 (90.4%) were pro-
tected, while the treatment failed in 9 (9.6%). During the first 9 years of the
national project from 1986 to 1994, 764 high-risk babies received immunoproph-
ylaxis. A total of 729 (95.4%) were protected, but the HBV carrier state developed
in the remaining 35 (4.6%).

Overall, passive–active immunoprophylaxis following the protocol shown in
Fig. 1 was effective in preventing persistent HBV infection in 980 (95.1%) of the
1030 babies born to HBeAg-positive HBV carrier mothers, but the HBV carrier
state developed in the remaining 50 babies (4.9%) (Noto et al., 2003).

To estimate the efficacy of immunoprophylaxis of HBV infection, changes in
the prevalence of HBsAg and anti-HBs in elementary school children (7–12 years of
age) were compared in groups divided according to their birth year (Table 2). The
children in group I were born before 1980 the year when the immunoprophylaxis of
HBV was initiated. Those in group III were born after 1985, when the national

Immunoprophylaxis  of perinatal HBV

infection in babies born to HBeAg positive 
mothers 

- Follow-up schedule in Shizuoka  
and Iwate prefectures - 

HB vaccine

HBsAg positive

HBeAg positive

Mother

HBsAg negative in peripheral blood

Baby

HBIG

0 1 2 3 4 5 6 7 8 9 10 11 12
(M)

(

(     ) (     )

)

Fig. 1 Prevention of perinatal transmission of HBV: follow-up schedule in Shizuoka and Iwate pre-

fectures. Babies born to HBsAg and HBeAg-positive mothers received two injections of HBIG and

three inoculations of HB vaccines k at indicated time points. Serological tests for HBsAg and anti-HBs

were performed monthly. During the follow-up period, anti-HBs titer was maintained at more than 23

PHA titer (equivalent to 200mIU/ml) with appropriate use of HBIG or HB vaccine, or both, ( ), and

(k), until 12 months after birth. During the follow-up period, when HBsAg became positive, all the

prevention programs were stopped.
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program to prevent perinatal HBV infection commenced. The group II children
were born in the period sandwiched between the clinical trial and the national
program.

The prevalence of HBsAg gradually decreased from group I (0.20%), to group
II (0.16%) to group III (0.01%). Likewise, the prevalence of anti-HBs decreased in
a similar manner from group I (0.96%), to group II (0.55%) and group III (0.21%).

These results indicate that, in Japan, preventive measures taken against peri-
natal HBV infection were largely effective in decreasing the transmission of the
HBV carrier state including that due to horizontal infection.

Prevention of perinatal HBV transmission in Iwate from 1981–1992 and sero-

epidemiological evidence for its effectiveness

In Iwate prefecture, which has a population of 1.4 million, the clinical trial of
prevention of perinatal HBV transmission was started in 1981. In 1985, the year of
transition from clinical trial to national program, almost all babies born to HBeAg-
positive HBV carrier mothers were given immunoprophylactic treatment (Koyama
et al., 2003).

During that year, 39 (86.7%) of 45 babies who received immunoprophylaxis
were protected against HBV. During the 7 years from 1986 to 1992, 100,286
(96.0%) of 104,493 pregnant women received tests for HBsAg, and it was detected
in 1242 (1.2%) of them. Of those HBsAg-positives, 257 (20.7%) were positive also
for HBeAg and all of their babies received immunoprophylaxis (Table 3).

The effectiveness of the immunoprophylaxis of perinatal HBV infection was
clearly reflected in the changes in prevalence of HBsAg among elementary school
children aged 7–12 years (Table 4). They were divided into three groups according
to their birth year. In the group born between 1978 and 1980, before the start of
the clinical trial of immunoprophylaxis, the prevalence of HBsAg was 0.75%
(78/10,437). The prevalence of HBsAg was already decreasing among those who
were born from 1981 to 1985, during the period of the clinical trial on prevention. In
this group of subjects, the prevalence of HBsAg was 0.22% (46/20,812). The decrease
was more prominent in children born after 1985, since the national program of

Table 2

Prevalence of HBsAg and anti-HBs among elementary school children in Shizuoka prefecture, divided

into 3 groups according to birth year

Group Number tested HBsAg positives (%) Anti-HBs positives (%)

I. Born before 1980 3446 7 (0.20) 33 (0.96)

II. Born in 1980–1985 46,993 77 (0.16) 260 (0.55)

III. Born after 1985 23,792 2 (0.01) 51 (0.21)

Total 74,231 86 (0.21) 344 (0.46)
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immunoprophylaxis was set in motion. HBsAg was detected in only 12 (0.04%) of
32,049 children born between 1986 and 1990 (po0.001 against the prevalence in t
he children born between 1981 and 1985). Likewise, the prevalence of anti-HBs
decreased from 1.52% (159/10,437) in those born from 1978 to 1980, to 0.79%
(165/20,812) in those born from 1981 to 1985, and 0.85% (274/32,049) in the
children born between 1986 and 1990 (po0.001).

The rate of anti-HBc-positives among the children with anti-HBs decreased
from 81.9% (127/155) among those who were born in the years 1978–1980 to
43.3% (68/157) in those born in 1981–1985, and finally to 11.0% (59/536) in those
born in 1986–1994 (Table 5). These results indicate that preventive measures
against perinatal HBV infection could eventually result in the prevention of horizo-
ntal transmission among children in the same age groups.

Prevalence of surface antigen mutants

Serum HBV DNA from 15 infants and 11 mothers with chronic hepatitis acquired
by either intra-uterine infection or post-vaccination prophylaxis were cloned then
followed by direct sequencing of the HBV genome encoding the major antigenic

Table 3

Babies who were treated to prevent perinatal HBV transmission from 1981 to 1992 in Iwate, Japan

Year Number of

deliveries

HBsAg

tested (% of

deliveries)

HBsAg (+)

(% of tested)

HBeAg (+)

(% in

HBsAg)

Prevention

(% of

HBeAg (+))

Before national program (1981–1985)

1981 18,600 ND ND ND 1

1982 18,581 ND ND ND 12

1983 19,582 ND ND ND 18

1984 18,043 ND ND ND 29

1985 17,232 10,628 (61.7) ND 45 39 (86.7%)

After start of national program (1986–1992)

1986 16,536 15,872 (96.0) 244 (1.4) 47 (19.3) 47 (100.0)

1987 15,567 15,205 (97.7) 241 (1.6) 60 (24.9) 60 (100.0)

1988 15,410 14,282 (92.7) 166 (1.2) 40 (24.1) 40 (100.0)

1989 14,548 14,541 (99.9) 179 (1.2) 25 (14.0) 25 (100.0)

1990 14,254 13,997 (98.2) 161 (1.2) 42 (26.1) 42 (100.0)

1991 14,270 13,245 (92.8) 136 (1.0) 21 (15.4) 21 (100.0)

1992 13,908 13,144 (94.5) 115 (0.9) 22 (19.1) 22 (100.0)

Total 104,493 100,286

(96.0)

1242 (1.2) 257 (20.7) 257 (100.0)

Note: ND, no data available.
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epitopes of HBsAg (amino acids 100–200). The results of this analysis are listed in
Table 6, and the following observations are listed as noted below:

1. Three novel HBV variants were detected in babies and their mothers, namely,
I126T and S114T (Cases 1/I and 5/I) that were acquired by intrauterine in-
fection. Also variant P127T in both mother and baby (Case 5/L) indicating
vertical transmission. To our knowledge, these variants have not been reported
previously.

2. Another novel variant, namely, G145A (Case 4/L) was detected in the baby but
not his mother. This variant has been reported to occur naturally in sera of
HBV chronic carriers in Korea (Song et al., 2005).

3. Analysis of all other remaining cases revealed that mixed populations of wild
type and mutant viruses are found in all the tested infants and their mothers.

4. Many of the surface antigen mutants that were identified in the babies were not
found in their mothers. This finding is similar to previously reported work
(Nainan et al., 2002).

5. A surprising finding was the absence of supposedly the most predominant
HBsAg variant, namely, G145R from the sera of the babies and their mothers.

Table 4

Changes in prevalence of HBsAg and anti-HBs in 3 groups of elementary school children devided

according to birth year

Year of birth Number tested HBsAg positives (%) Anti-HBs positives (%)

Before immunoprophylaxis (1978–1980)

1978 2666 26 (0.94) 52 (1.95)

1979 4212 27 (0.64) 72 (1.71)

1980 3559 25 (0.70) 35 (0.98)

Subtotal 10,437 78 (0.75) 159 (1.52)

During clinical trials of immunoprophylaxis (1981–1985)

1981 2541 12 (0.47) 30 (1.18)

1982 1594 4 (0.25) 12 (0.75)

1983 3847 6 (0.16) 17 (0.44)

1984 6206 11 (0.18) 58 (0.93)

1985 6624 13 (0.20) 48 (0.72)

Subtotal 20,812 46 (0.22) 165 (0.79)

After start of national immunoprophylaxis program (1986–1990)

1986 6775 3 (0.04) 41 (0.61)

1987 6505 4 (0.06) 62 (0.95)

1988 6310 2 (0.03) 58 (0.92)

1989 6436 2 (0.03) 64 (0.71)

1990 6023 1 (0.02) 67 (1.11)

Subtotal 32,049 12 (0.04) 292 (0.91)
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Instead, variant G145A was idetified (Cases 5/I, 2/L and 4/L). This variant has
already been reported to occur naturally in sera of HBV chronic carriers in
Korea (Song et al., 2005).

6. Another novel HBV variant, namely, K141E was found in a baby (Case 4/I).
This is the second report of such a finding. Originally, this unique variant was
identified in the sera of two Gambian children (Karthigesu et al., 1994).

7. Of interest is the presence of the novel mutant T118K (Case 2/L). This mutant
has been reported once in the literature (Kfoury et al., 2001), and it is found
outside the HBsAg ‘‘a’’ determinatnt region (amino acids 124–147) just as the
case with mutant S114T (Cases 1/I and 5/I). HBsAg mutations outside the ‘‘a’’
determinant have been reported to damage the immunodominant region struc-
ture and thus alter the group specific dominant antigenicity (Kfoury et al.,
2001). Hence, the reason we are reporting in Table 6 a variety of HBsAg
mutants outside the ‘‘a’’ determinant itself. Current studies show that
the HBsAg loop extends much further than initially believed, because other

Table 5

Prevalence of anti-HBc among elementary school children positive for anti-HBs, divided by birth year

Year of birth Anti-HBs positive children Anti-HBc positives (%)

Before immunoprophylaxis (1978–1980)

1978 49 40 (81.6)

1979 72 64 (88.9)

1980 34 23 (76.7)

Subtotal 155 127 (81.9)

During clinical trials of immunoprophylaxis (1981–1985)

1981 30 23 (76.7)

1982 12 9 (75.0)

1983 14 6 (42.9)

1984 58 18 (31.0)

1985 43 12 (27.9)

Subtotal 157 68 (43.3)

After start of national immunoprophylaxis program (1986–1994)

1986 41 10 (24.4)

1987 61 11 (18.0)

1988 58 9 (15.5)

1989 46 6 (13.0)

1990 67 6 (9.0)

1991 62 7 (11.3)

1992 72 2 (2.8)

1993 63 5 (7.9)

1994 66 3 (4.6)

Subtotal 536 59 (11.0)
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conserved epitopes have been found also between amino acids 100 and 200
(Kfoury et al., 2001; Gerlich, 2004).

The data shown in Table 6 illustrate that changes in either the major hydrophilic
loop of HBsAg or outside it are common and do play an important role in trans-
fusion safety, HBV vaccine efficacy and diagnostic accuracy and reliability.

Table 6

Mutation in the S gene of HBV DNA clones from 15 HBV positive babies and some of their mothers

Babies Mothers

Case/

group

Clones

tested

Varianta Case/

group

Clones

tested

Varianta

1/I 21 I126Tb 1/I 23 I126Tb

2/I 22 Q101R, Q129R,

W156R, W172R

2/I 23 P105L, T116I,

K122E, C137R,

L162P

3/I 6 M133T, S174G 3/I 20 A157T, L162P

4/I 12 P135S, K141E,

F158S, F161S,

L176P

4/I 17 Y100H, S132P,

S154P, F158S,

F161S

5/I 14 S114Tb, G145Ab 5/I 16 S114Tb, G145Ab

6/I 24 L109P, S136P,

S155Y

6/I 23 T113A, G119R,

S136P, T148A

7/I 22 S113A, S117C,

T118P, C139Y

N146D, L176P

7/I 24 G112E, S117N,

Q129H, S132L,

C149Y, R160G,

F170L

8/I 23 P142L 8/I 23 L109P, S114P,

C124R, T131A,

C138R, S171F,

W172C, W172R

9/I 24 G130E, T148A,

C149R, S171F

9/I 24 S117R, C121G,

Q129P, M133I,

P135L, S171P

10/I 17 C121S, T115A 10/I 0 NT

1/L 10 T116Ab 1/L 0 NT

2/L 10 T118K, G145A 2/L 0 NT

3/L 10 I126T, T131A 3/L 0 NT

4/L 16 G145Ab 4/L 14 C124R, C137R

5/L 19 P127Tb 5/L 20 P127Tb

Note: I, intrauterine infection; L, late-phase infection; NT, Not Tested.
aAmino acid substitution in ‘‘a’’ determinant (124–147) and outside ‘‘a’’ determinant (100–123 and

148–176).
bNovel variants, no wild-type virus present.
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Abstract

Pregnancy is not contraindicated to women infected with HCV and HCV infection
does not adversely affect pregnancy. The risk of mother-to-infant transmission of
HCV is approximately 5%, but may be higher in children born to mothers with
HCV/HIV co-infection. Transmission of infection is usually restricted to mothers
who are HCV-RNA positive. Higher HCV-RNA levels seem to be associated with
a greater risk, but a specific cut-off value predicting transmission cannot be defined.
Interferon and ribavirin are contraindicated during pregnancy. There is no evidence
that Caesarean delivery may reduce risk of vertical infection compared to vaginal
delivery. Caution should be recommended in using invasive procedures (am-
niocentesis, villocentesis, and funicolocentesis), which may potentially expose the
foetus or the neonate to the infected maternal blood. Avoiding foetal scalp mon-
itoring and prolonged labour after rupture of membranes may reduce the risk of
vertical transmission of HCV. Breastfeeding appears to be safe and is not cont-
raindicated. Infected children usually progress to chronic disease with a benign
course, at least initially. Longitudinal studies are needed to determine the long-term
natural history of vertical HCV infections. Interferon plus ribavirin combination
has been shown to be safe and effective in treating hepatitis C during childhood.
Vaccinations against both hepatitis A and hepatitis B are highly recommended to
children infected with HCV.

dx.doi.org/10.1016/S0168-7069(06)13009-8.3d


Introduction

Viral Hepatitis type C is a major worldwide public health problem, being a leading
cause of acute and chronic liver disease including cirrhosis and primary hepato-
cellular carcinoma. Hepatitis C virus (HCV), first identified in 1989, is a single-
stranded RNA virus belonging to the Hepacivirus genus within the Flaviviridae

family, which also includes GB virus C, yellow fever, West Nile and dengue viruses,
and the animal pestiviruses (Choo et al., 1989; Kuo et al., 1989; Robertson et al.,
1998; Lauer and Walker, 2001). Viral replication occurs through an RNA-de-
pendent RNA polymerase devoid of 30-exonuclease proofreading activity. This lack
provides the biochemical basis for the rapid evolution of diverse but related qua-
sispecies co-existing within an infected individual. A lengthy evolutionary process
gave origin to six different genotypes (from 1 to 6), each with several subtypes
(Simmonds, 1999). These genotypes/subtypes have different worldwide geograph-
ical distribution patterns (Hoofnagle, 2002). Current evidence indicates that the
different genotypes do not seem to differ for what concerns the natural course of
infection nor the ability of person-to-person transmission. On the contrary, the
response to therapy with interferon and ribavirin appears different for certain
genotypes/subtypes, with genotype 2 and 3 responding better than genotype 1 and 4
(Manns et al., 2001; Fried et al., 2002; Hadziyannis et al., 2004).

Estimate indicates that at least 170 million people in the world (or approx-
imately 3% of the global population) are infected with the HCV, a part of whom
are at risk of developing life-threatening diseases, resulting in nearly half a million
deaths per year. In industrialized countries, the incidence of acute hepatitis C is
currently around 1–3 cases per 100,000 persons annually (EASL International
Consensus Conference on Hepatitis C, 1999). However, since most HCV infections
are asymptomatic and remain unnoticed to the surveillance systems, the number of
those infected per year is estimated to be at least 10 times than reported. Progres-
sion to chronic disease occurs in the majority of HCV-infected persons with a
variable outcome over time (Hoofnagle, 2002; Seeff, 2002). Different outcomes
seem to be linked to the route of transmission, age at infection, and, possibly, to
gender (Roudot-Thoraval et al., 1997; Gordon et al., 1998; Bellentani et al., 1999;
Kenny-Walsh et al., 1999; Rodger et al., 2000; Wiese et al., 2000; Barrett et al.,
2001; Poynard et al., 2001; Hoofnagle, 2002). Infections encountered in adulthood
carry a significantly higher probability of advancing to cirrhosis within 20 years in
comparison to those acquired during infancy (Bortolotti et al., 1994; Matsuoka et
al., 1994; Dike et al., 1998; Garcia-Monzon et al., 1998; O’Riordan et al., 1998;
Vogt et al., 1999; Seeff et al., 2000, 2001; Poynard et al., 2001; Harris et al., 2002;
Seeff, 2002). In industrialized countries, HCV accounts for approximately 20% of
cases of acute hepatitis, 70% of cases of chronic hepatitis, 40% of cases of end-
stage cirrhosis, and 30% of liver transplant (EASL International Consensus Con-
ference on Hepatitis C, 1999). Co-infections and co-morbid conditions, which
usually increase with age, may also be important contributors to the progression of
hepatitis C infection (Zarski et al., 1998; Benhamou et al., 1999; Harris et al., 2001;

A.R. Zanetti et al.154



Monto et al., 2002). Although, the burden of hepatitis C is still high, the rate of new
infections has dramatically declined in recent years as a result of the general im-
provements in standard of living and hygiene and the introduction of several public
health measures including use of disposable syringes and needles, implementation
of universal precautions in medical settings, and refinement of blood screening.

HCV is efficiently transmitted parenterally, and the main route of transmission
in adults is through needle sharing during intravenous drug injections. Prior to the
discovery of HCV and the introduction of anti-HCV antibody screening of blood
donors in 1991, transfusion of HCV-infected blood or blood products was the
predominant route of infection during childhood. Following the substantial in-
crease in safety of the blood supply achieved in the last years, vertical/perinatal
transmission has become the major route of HCV infection in children. The in-
cidence of new vertical/perinatal infections in children depends on the prevalence of
HCV infections among women of childbearing age and on the risk of viral trans-
mission during pregnancy.

This chapter focuses on the prevalence of HCV infection in pregnant women in
different populations, reproductive counselling, and management of HCV-infected
pregnant women, factors that may influence the risk of vertical transmission, and
the outcome of HCV infection in children.

Prevalence of HCV infection among women of childbearing age

Antenatal HCV prevalence ranges from less than 1–2.5% in Western Europe, the
United States, Japan, and Australia but is higher in eastern Europe, Middle East,
and Africa, particularly in some sub-Saharan populations where the prevalence of
infection may exceed 10% (Roudot-Thoraval et al., 1993; Boxall et al., 1994; Louis
et al., 1994; El-Gohary et al., 1995; Floreani et al., 1996; Pipan et al., 1996; Conte et
al., 2000; Okamoto et al., 2000; Goldberg et al., 2001). Very high prevalence has
been reported in Egypt (up to 40% in some parts of the country), resulting from the
widespread use of contaminated needles and syringes during the mass campaigns to
treat schistosomiasis infections, conducted in the Nile Delta region between the
1960s and the early 1980s (Rao et al, 2002). In industrialized countries, high prev-
alence of infection has been reported in certain groups, such as intravenous drug
users and those infected with HIV (Pembrey et al., 2003). Other risk factors which
may increase the probability for a pregnant woman of being infected with HCV
include blood transfusions received prior to the introduction of donors screening,
and parenteral exposure to the virus through surgery, dental care or following
piercing and tattooing. However, a substantial proportion (up to 50%) of women
with HCV has no evidence of exposure to known risk factors in their history
(Zanetti et al., 1999).

At present, routine HCV screening is not recommended to all pregnant women
since no effective interventions are available to control and prevent the mother-to-
infant transmission of the infection (American Academy of Pediatrics, 1998;
Zanetti et al., 1999; Pembrey et al., 2005). In some settings, women are tested if
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considered at high risk of being infected with HCV (i.e. women with history of
intravenous drug use or those infected with HIV) in order to identify babies at risk
of vertical transmission and to offer post-pregnancy therapeutic options to the
infected women. Selective screening policies targeting women at increased risk seem
to be somewhat more cost-effective than universal testing, but such approach
would exclude from detection a consistent number of infected women without any
known risk factors.

Infected pregnant women are usually identified by the detection of anti-HCV
antibodies by enzyme immunoassays (EIA). These assays are reliable in immuno-
competent individuals but less sensitive in patients with renal failure and in those
with immune deficiency. In low-risk populations, such as childbearing women in
industrialized countries, systematic testing may result in a number of false-positive
detections. Therefore, an initially positive or indeterminate test should be con-
firmed by a second EIA or by a confirmatory recombinant immunoblot assay
(RIBA) performed on the same sample. Detection of HCV-RNA by nucleic acid
tests (NAT) is usually performed on anti-HCV positive samples to identify the
presence of viraemia. Approximately 50–85% of women with anti-HCV antibody
have detectable HCV-RNA in their blood, as a marker of ongoing infection
(Zanetti et al., 1999; Conte et al., 2000; Yeung et al., 2001; Resti et al., 2003).
Diversities in the prevalence of viraemia, found in different studies, likely reflect
differences in the characteristics of the samples of women examined [i.e. study
populations with or without women with HIV, those with abnormal alanine ami-
notransferase (ALT), those with risk factors such as injecting drug, etc.] or due to
differences in the sensitivity of the assays and procedures utilized in the laboratories
for HCV-RNA detection (i.e. qualitative/quantitative assays, in-house versus com-
mercially available assays). Last-generation NAT are of greatly higher sensitivity
compared to first-generation assays, with lower detection threshold limits of fewer
than 100 copies of HCV-RNA per ml.

Reproductive counselling

Pregnancy is not contraindicated in women infected with HCV, but reproductive
counselling and assistance allow to provide specific obstetrical care. Women in-
fected with HCV planning for a child may worry whether pregnancy could ad-
versely influence the course of HCV hepatic disease, and on the other hand,
whether HCV infection might alter the course of pregnancy. Another issue of
primary importance regards the risk of vertical transmission and the possibility that
the child might acquire the infection should be discussed. Although such risk is low,
the ensuing infection can become chronic with the inherent potential risk of pro-
gression, later in life, to cirrhosis or even to hepatocellular carcinoma. Women
should also be informed that up-to-date no measures (i.e. type of feeding and mode
of delivery) were proven effective in reducing the risk of vertical transmission, and
that treatment of paediatric HCV infection is still not optimal.

A.R. Zanetti et al.156



Women infected with HCV should be counselled regarding prevention of viral
transmission to others and advised to test for co-infection with HBV or HIV, which
share similar risk factors and modes of transmission. The possibility that infection
could be due to intravenous drug use should be investigated, and women who are
active drug users should be informed about the negative consequences of drug use
during pregnancy. Pregnant women with HCV infection should also be advised to
avoid hepatotoxic medications and alcohol.

Sexual transmission during unprotected intercourses is unlikely in heterosexual
monogamous couples (Terrault, 2002; Vandelli et al., 2004). An HCV-infected
woman planning to conceive should notify her HCV status to the partner, who
should be reassured that the risk of sexual transmission is so low that the use of
barrier precautions (i.e. latex condom) is not deemed necessary for individuals in
monogamous partnership with an HCV-infected partner (Strader et al., 2004).

Infection with HCV is not associated with decreased fertility, even in the pres-
ence of advanced liver disease. Infected women, who fail to conceive in the expected
conception delay and require reproductive assistance, can assume fertility drugs
and tolerate the increased levels of estrogens induced by these drugs. However,
careful considerations should be given to the additional metabolic burden of these
therapies in women with substantial liver damage.

Due to their associated toxic effect, both interferon alpha and ribavirin are
contraindicated during pregnancy. However, women who come for consultation
ahead of pregnancy should be advised to undergo a course of treatment with the
combination therapy prior to conception in order to decrease or to eliminate active
viral replication and, consequently, to reduce the risk of vertical transmission. In
this case, women should be advised to postpone pregnancy for at least 6 months
after cessation of ribavirin treatment, because of its potential toxicity to germ cells
(Chutaputti, 2000). Deferral of conception should also be recommended to couples
in which the male partner is infected with HCV and undergoing ribavirin treat-
ment.

Hepatitis C and pregnancy

There is no evidence that pregnancy could accelerate the progression of HCV-
induced liver damage. During pregnancy, ALT levels usually decrease or even
normalize in the second and third trimesters, despite possible increase in HCV viral
load (Floreani et al., 1996; Conte et al., 2000; Gervais et al., 2000). The modi-
fications return to pre-pregnancy levels within 3–6 months after delivery.

In pregnant women, albumin concentrations decrease possibly due to haemo-
dilution, while alkaline phosphatase levels rise, due to the production by the pla-
centa. Estrogen levels increase several fold in comparison to pre-pregnancy values,
and this positively influences the hepatic synthesis of several proteins, including the
alpha-1, alpha-2, and beta fractions, coagulation factors, and fibrinogen. Wors-
ening of HCV infection during pregnancy is uncommon, but cholestasis might
complicate gestation as of the first trimester and can be severe enough to warrant
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treatment to control itching and monitor foetal wellbeing (Riely, 1994; Nicastri et
al., 1998). This alteration usually disappears shortly after delivery.

In the presence of significant liver fibrosis, return of portal blood flow through
the hepatic sinusoid system can be impaired with ensuing portal hypertension and
increased risk of bleeding from oesofageal varicosities. Bleeding can be customarily
treated, but delivery of the child should be considered if the pregnancy is close to
term, to reduce volaemia and facilitate diagnostic and therapeutic procedures. In
the presence of severe portal hypertension before pregnancy, women should be
informed about the increased risk of gastrointestinal bleeding during pregnancy.

The management of pregnancy is particularly delicate in women with cirrhosis,
especially when uncompensated (Krol-Van Straaten and De Maat, 1984). Normal
pregnancies and deliveries have been reported in women who underwent liver
transplant, and there is no evidence that pregnancy can negatively influence the
tolerance of the grafted liver or the transplant’s long-term outcome (Radomski et
al., 1995; Jain et al., 1997; Wu et al., 1998).

Overall, pregnancy does not induce a deterioration of HCV-associated liver
disease and, conversely HCV does not seem to increase the risk of congenital
anomalies and obstetrical complications (Floreani et al., 1996; Paternoster et al.,
2002).

Rates and risk factors for vertical transmission of HCV

Women infected with HCV can transmit the virus to their children, and most cases
of paediatric HCV infections are due to vertical transmission. The rate of mother-
to-child transmission is currently estimated to be 5%, ranging from 3% to 10%
(Zanetti et al., 1995, 1998; Thomas et al., 1998; Conte et al., 2000; Gibb et al., 2000;
Resti et al., 2002, 2003; European Paediatric Hepatitis C Virus Network, 2005a;
Mast et al., 2005; Pembrey et al., 2005). Transmission is strongly associated with
the detection of HCV-RNA in maternal blood. Women with high viral load during
pregnancy or at delivery are those at increased risk of transmitting HCV to their
children, although a threshold value above which transmission can be predicted or
below which can be excluded is not available (Giacchino et al., 1998; Thomas et al.,
1998; Zanetti et al., 1998; Okamoto et al., 2000; Dal Molin et al., 2002; Steininger et
al., 2003; Pembrey et al., 2005). Rarely, infection has been reported in children born
to mothers with undetectable HCV-RNA (Pembrey et al., 2005). Fluctuations in
viral load during pregnancy, with viraemia levels above and below the sensitivity
limit of the NAT used for nucleic acid detection, might provide an at least partial
explanation to such finding.

There is no evidence that the rate of transmission is influenced by HCV gen-
otypes (Zanetti et al., 1999; Dal Molin et al., 2002; Resti et al., 2003) The qua-
sispecies nature of HCV and maternal antibody titres could also influence the rate
of transmission, but this association should be further explored (Kudo et al., 1997;
Manzin et al., 2000).
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Maternal history of chronic hepatitis and elevated serum ALT levels at delivery
do not seem to increase the likelihood of HCV transmission infection to their
children (Zanetti et al., 1999; Mast et al., 2005).

HCV/HIV co-infected mothers are at increased risk of transmitting HCV ver-
tically in comparison to women infected by HCV alone, probably due to higher
circulating HCV viral loads associated with HIV-induced immunosuppression
(Zanetti et al., 1995, 1998; European Paediatric Hepatitis C Virus Network, 1999,
2001; Yeung et al., 2001; Mast et al., 2005).

However, the risk seems to be substantially attenuated with the increasing use
of highly active antiretroviral therapy (HAART) for the suppression of HIV rep-
lication in pregnancy. The improvement of the HIV-induced immunosuppression
may indirectly limit HCV replication (European Paediatric Hepatitis C Virus Net-
work, 2005a).

Data concerning the influence of maternal injecting drug use as a potential risk
factor for mother-to-child transmission of HCV is conflicting.

In a large multicentre study carried out in Italy on 1372 mothers–infants pairs
(Resti et al., 2002), history of maternal drug use was linked to an increased risk of
transmission, while such association was not observed by others (European Pae-
diatric Hepatitis C Virus Network, 2005a).

A recent study (European Paediatric Hepatitis C Virus Network, 2005a) in-
dicates that female gender of children born to HCV-positive mothers significantly
increased the risk of acquiring infection, compared to male gender. This finding
needs to be further confirmed, but it is intriguing to know that a similar gender
effect was also observed in mother-to-child transmission of HIV (European Col-
laborative Study, 2004).

There is no evidence to suggest that gestational age may influence the rate of
mother-to-infant transmission of HCV and no difference in frequency of infection
has been observed between term (>36 months) and premature (o36 months)
infants (European Paediatric Hepatitis C Virus Network, 2005a).

In the same way, maternal age at delivery as well as weight at birth of the infant
do not seem to influence the rate of vertical transmission of HCV (European
Paediatric Hepatitis C Virus Network, 2005a).

Mode of delivery and timing of mother-to-infant transmission of HCV

The timing and mechanisms of mother-to-infant transmission of HCV remain
largely unknown. Transfer of the virus can occur during pregnancy, through pla-
cental breaks during labour or, in the birth canal through exposure of the infant to
the maternal blood and cervical secretions. In some studies, HCV-RNA has been
found immediately after birth suggesting in utero infection. In other studies, in-
fected children were HCV-RNA negative at birth and became positive weeks later
suggesting peripartum transmission. Mok et al. (2005) suggested that one-third to a
half of HCV-infected children acquire infection during the intrauterine period, in
line with what reported by Resti et al. (1998), who found that at least 46% (95%
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CI: 19% to 75%) of transmission occurred in utero, as six of the 13 infected
children had HCV-RNA detectable immediately after birth.

Elective Caesarean section has been suggested as a possible measure to prevent
intrapartum transmission of the virus. A protective effect has been suggested
(Paccagnini et al., 1995; Gibb et al., 2000), but most studies agree that the rate of
mother-to-infant transmission does not differ significantly between infants deliv-
ered by Caesarean section compared to those delivered vaginally (Zanetti et al.,
1999; Conte et al., 2000; Fiore et al., 2001; Resti et al., 2002). In a large study
conducted by the European Paediatric Hepatitis C Virus Network (2001) on a total
of 1.474 HCV-infected women, multivariate analysis did not show a significant
protective effect of mode of delivery among mothers with HCV infection alone.
Vice versa, mothers co-infected with HIV delivered by Caesarean section had 60%
lesser likelihood to transmit the infection in comparison to co-infected mothers
who delivered vaginally. A more recent European study carried out on 1787
mother–child pairs further confirms such findings (European Paediatric Hepatitis C
Virus Network, 2005a). Failure to prove a beneficial effect of Caesarean delivery is
consistent with the large proportion of intrauterine transmission of HCV. Thus, at
present, there is no indication to recommend elective Caesarean section to pregnant
women with HCV alone, while it is highly recommended for those co-infected with
HIV/HCV, in accordance with the current HIV guidelines (Newell, 2002).

Other obstetric factors

Pre-natal sampling of amniotic fluid (amniocentesis), placental tissue (villocentesis),
or foetal blood (funicolocentesis) are all procedures that might facilitate passage of
HCV into the foetal compartment as samples are obtained with a needle inserted
through the maternal abdomen. The reported rate of infection with HCV following
accidental needle-stick from HCV positive sources has been estimated at around
0.3% and increases to 0.7% in cases of large sizes inocula (hollow needle containing
blood) (De Carli et al., 2003) However, needles used in pre-natal diagnosis are
mandrinated and, therefore, the risk of transferring infected blood through this
procedure could be lower.

There are very few reports of vertical transmission of HCV in women who
underwent invasive pre-natal procedures. Hence, the role of these procedures in
transmitting the virus to the child is difficult to assess. In a study carried out by
Delamare et al. (1999), HCV-RNA was detected in one of the 16 amniotic fluid
samples collected during the fourth month of pregnancy from viraemic women.
The child born to the woman whose amniotic fluid was HCV-RNA positive was
not viraemic upon examination performed shortly after birth.

There has been no viral detection in amniotic fluid samples collected at mid-
gestation or at term from 17 HCV viraemic women (personal data).

Amniocentesis was considered a possible explanation for a case of diamniotic
twins discordant for HCV, where the needle punctured the amniotic sac of only the
infected child (Minola et al., 2001). According to Davies et al. (2003) there is no
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evidence that amniocentesis may increase the risk of vertical infection. However,
HCV-infected pregnant women should be counselled since the current limited ev-
idence on this issue does not allow for definitive conclusions.

No association between the length of ruptured membranes and HCV trans-
mission was found in a study carried out in the USA (Thomas et al., 1998), while
duration of membranes rupture was found to be significantly longer in transmitting
than in non-transmitting mothers in other studies (Spencer et al., 1997; European
Paediatric Hepatitis C Virus Network, 2005a; Mast et al., 2005).

During labour, the use of internal scalp electrodes to monitor foetal heart
should be avoided, as these may damage the infant’s scalp and facilitate contam-
ination with the infected maternal blood (Mast et al., 2005).

In some women, operative delivery may be required. However, the procedure
employs devices, such as vacuum cups or forceps which might lacerate foetal scalp,
and are usually associated with significant maternal bleeding due to perineal in-
cision or vaginal laceration, all of which may increase risk of viral transmission
(Steininger et al., 2003). In a French case–control study, the use of forceps in
vaginal delivery was associated with a significant (3-fold) risk of vertical transmis-
sion (Poiraud et al., 2001).

In HCV-viraemic women, if operative delivery is required, the potential risk for
foetal infection associated with this procedure, should be balanced against the
alternative of Caesarean delivery.

Breastfeeding

Current evidence does not suggest that breastfeeding can increase the risk of
mother-to-infant transmission of HCV (Resti et al., 1998, 2003; European Paedi-
atric Hepatitis C Virus Network, 2005a; Mast et al., 2005; Pembrey et al., 2005).
However, the impact of factors such as duration of breastfeeding, levels of HCV-
RNA and anti-HCV antibodies in colostrum and milk, and exposure to maternal-
infected blood through chapped nipples in influencing HCV transmission through
breastfeeding has not been sufficiently investigated. HCV-RNA has been found in
colostrum and milk in some studies (Lin et al., 1995; Kumar and Shahul, 1998;
Thomas et al., 1998; Ruiz-Extremera et al., 2000; Mast et al., 2005). Two studies
suggest that HCV-RNA detection in breast milk may be associated with higher risk
of transmission (Lin et al., 1995; Ruiz-Extremera et al., 2000), but other studies fail
to demonstrate any association between type of infant feeding and risk of vertical
transmission. In a large multi-centre Italian study conducted by Resti et al. (2002),
the adjusted odds ratio for breastfeeding was 0.95 (95% CI: 0.58–1.40, p ¼ 0.74).
Multivariate analyses did not show a significant effect of breastfeeding in 916
women with HCV infection alone. However, HIV/HCV co-infected women who
breastfed were more likely to infect their children than those who did not
(OR ¼ 6.41, p ¼ 0.03) (European Paediatric Hepatitis C Virus Network, 2001).
More recently, the European Paediatric Hepatitis C Virus Network Group further
confirmed in a multicentre international study on 1787 mother–child pairs enrolled
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at 33 different centres, that breastfeeding does not increase the risk of viral trans-
mission (adjusted OR, 0.88 (95% CI: 0.48–1.61), p ¼ 0.68) (European Paediatric
Hepatitis C Virus Network, 2005a).

Diagnosis and outcome of HCV vertical infection

Due to the passive transfer of maternal antibody, the diagnosis of HCV infection in
exposed children cannot be based solely on anti-HCV testing at birth or during the
first months of life. Maternal antibody can be detected in most infants born to
HCV-infected mothers for several months and usually disappears within the first
year of life, although in some cases may persist longer (up to 18 months) (Resti et
al., 2003; Pembrey et al., 2005). ALT is not a useful marker for diagnosis since
levels may be normal in most HCV infected children, and transiently elevated in
some uninfected children. Approximately 70% of infected children become HCV-
RNA positive by 1 month and 90% by 3 months of age, and viraemia is usually
accompanied by a subsequent active production of anti-HCV antibody. Thus, an
early diagnosis of infant infection should be based on the detection of HCV-RNA
at the first well-child visit or preferably between 3 and 6 months of life, confirmed
by anti-HCV serological status at 18 months.

It is advisable that the diagnosis of infection be confirmed by at least two
positive HCV-RNA detections performed on separate samples.

Viral hepatitis C has a high probability of evolving towards chronicity with a
variable outcome over time. Infected babies tend to progress to chronic infection
with benign course, at least in the short medium term, and extrahepatic manifes-
tations are rare (European Paediatric Hepatitis C Virus Network, 2000, 2005b;
Pembrey et al., 2005; Tovo et al., 2005). Histological findings usually show features
of minimal to mild hepatitis, but in few cases, liver damage may be severe (Bortol-
otti et al., 1997; Jonas, 2002; El-Raziky et al., 2004). Periportal fibrosis is relatively
common and appears to progress with age and duration of infection (Badizadegan
et al., 1998; Guido et al., 1998; Jara et al., 2003; Strader et al., 2004).

A prospective study carried out on 266 children with vertically acquired HCV
infection who were prospectively followed up from birth till 16 years of age (median
4.2 years) in 30 European health care centres showed low prevalence of HCV-
related symptoms and signs in the first 10–15 years of life (European Paediatric
Hepatitis C Virus Network, 2005b). Approximately 20% of infected children had
spontaneous clearance of HCV-RNA, 50% had evidence of chronic asymptomatic
infection characterized by normal ALT levels and intermittent viraemia, and 30%
had evidence of chronic, active infection characterized by persistent viraemia, ab-
normal ALT levels, and, in some cases, hepatomegaly.

Most of the children who loose HCV-RNA maintain antibody in absence of
detectable viraemia for long periods of time, though few may serorevert to anti-
HCV negativity (European Paediatric Hepatitis C Virus Network, 2005b).

Information about the long-term consequences of vertically acquired HCV
beyond 2 decades is scarce. There is evidence that patients infected at young age are
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at lower risk of progressive liver disease than those infected at older age (Kenny-
Walsh et al., 1999; Vogt et al., 1999; Wiese et al., 2000). Over half of 67 children
who acquired HCV during cardiac surgery before the implementation of blood
donor screening were still HCV-RNA positive after 20 years of infection, but only a
minority had histological signs of progressive liver damage, despite infection with
the most aggressive genotype 1 (Vogt et al., 1999). A similar slow rate of progres-
sion was observed in a group of 35-year-old individuals who were infected by HCV
of genotype 1b through mini transfusions of blood given at birth. 90% of such
persons were still viraemic after more than 3 decades from primary infection, but
the majority showed no sign of fibrosis (Casiraghi et al., 2004). A study conducted
in seven European centres on 224 HCV-infected children supports the view that
hepatitis C is generally mild in children, but that may slowly progress over the time
since the mean fibrosis score was found to be higher among older children (>15
years) than younger children (Jara et al., 2003). This finding is in line with what has
been reported by Guido et al. (1998) about the histological features of hepatitis C in
liver samples obtained from 80 children.

Therefore, since the rate of progression of HCV infection is slow, usually over
decades, and the development of severe disease as cirrhosis and hepatocellular
carcinoma commonly exceed 20–25 years of established chronic hepatitis C, it is
possible that vertically infected children may not manifest severe symptoms until
adulthood.

Because of the paucity of information regarding the long-term natural history
of vertically acquired infections, further studies are needed to clarify this issue.

According to the American Association for the Study of the Liver Diseases
practice guidelines (Strader et al., 2004), treatment is contraindicated in children
below the age of 3 years. Vice versa, children aged from 3 to 17 years old, who are
considered appropriate candidates for therapy, may receive interferon alpha-2b
and ribavirin. The combination has been shown to be effective and reasonably safe
for the treatment of childhood chronic hepatitis C (Gonzales-Peralta et al., 2005).

Finally, as a super infection with HAV or with HBV may worsen the prognosis
of the underlying HCV infection (Akriviadis and Redeker, 1989; Tsai et al., 1996;
Vento et al., 1998; ACIP, 1999), vaccination against both hepatitis A and B should
be recommended to HCV infected children.

Conclusion

Based on the current evidence, HCV prevalence is around 1–2.5% among unse-
lected childbearing women from Europe and the USA, but is higher in developing
countries. History of drug use, blood transfusion performed prior to 1991 or of
other modes of parenteral exposure is associated with HCV infection in pregnant
women. However, up to 50% of infected women may have no known risk factors,
and would be missed in selective antenatal screening.

Pregnancy is not contraindicated in women with HCV, and HCV infection does
not appear to adversely affect pregnancy, delivery, or the perinatal health of
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mother and newborn. The risk of mother-to-infant transmission is estimated at
approximately 5% and higher for babies born to HIV co-infected women, although
HAART treatment during pregnancy seems to decrease such effect. Vertical trans-
mission is usually restricted to infants whose mothers are viraemic and rates of
transmission increase with increasing maternal viral load, but a specific cut-off
value which predicts transmission cannot be defined. Transmission is not related to
specific HCV genotypes. Available drugs cannot be used in pregnancy due to their
teratogenic (ribavirin) or to possible adverse effects on foetal growth (interferon).
At present there is no evidence that Caesarean delivery can reduce the risk of HCV
transmission compared to vaginal delivery. The role of obstetric variables such as
type of vaginal delivery (spontaneous, induced, or operative) and timing of Cae-
sarean section (before and during labour) remains largely unknown. Caution
should be recommended in using any invasive procedures (i.e. chorionic villous
sampling, amniocentesis, and cord blood sampling) that may expose the foetus or
the neonate to infected maternal blood. Avoiding foetal scalp monitoring and
prolonged labour after rupture of membranes may reduce the risk of viral trans-
mission to the infant.

Breastfeeding is safe and not contraindicated, but factors that may influence the
risk of transmission through this route (i.e. duration of lactation, levels of HCV-
RNA in colostrums and milk, exposure to chapped nipples) require further study.

Testing babies born to HCV infected mothers for anti-HCV should be per-
formed at 18 months or late, but if an earlier diagnosis is desired, HCV-RNA
detection is suggested at the first well-child visit or at 3–6 months. Infected babies
usually progress to chronic disease with a benign course, at least initially. Lon-
gitudinal studies are needed to determine the long-term outcome of hepatitis C in
vertically infected children. Interferon alpha-2b in combination with ribavirin can
be of benefit for the treatment of chronic hepatitis C in children. Vaccination
against hepatitis A and B is highly recommended in children with HCV infection.
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Parvovirus B19-introduction

Parvovirus B19 (B19) is an erythrovirus and recent studies have classified B19 as a
genotype 1 erythrovirus with genotypes 2 (erythrovirus K71 or A6) and 3 (er-
ythrovirus V9) also present in the human population. B19 is a significant human
pathogen which can cause foetal hydrops and foetal death if maternal infection,
followed by transplacental foetal infection, occurs during pregnancy. The virus
is also transmitted by inter-personal contact and potentially via blood product
administration. Symptoms of B19 infection include malaise, rash and anthralgia.
Significantly, maternal B19 infection during pregnancy can be asymptomatic
and so careful monitoring of at-risk pregnancies is recommended. Both antibody-
and cell-mediated immunity play an important role in the anti-viral response and
effective diagnostic test systems, for both B19 antibody and DNA detection, are
now available. B19-induced foetal hydrops can be effectively treated by intrauterine
blood transfusion; however, no vaccine is available to prevent infection at present.

Molecular virology

Human parvovirus B19 (B19) was first identified in 1975 by Yvonne Cossart
(Cossart et al., 1975). The virus was first associated with disease in 1981 when it was
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linked to an aplastic crisis in a patient with sickle-cell disease. Subsequently, B19
has since been shown to be the causative agent of erythema infectiosum (EI) (Fifth
disease of childhood), spontaneous abortion and some forms of acute arthritis
(Anderson et al., 1983; Kinney et al., 1988; Woolf and Cohen, 1995). B19 is ap-
proximately 20 nm in diameter, has a genome of 5.6 kb (Clewley, 1984; Cotmore
and Tattersall, 1984) and is a small, non-enveloped, single-stranded DNA virus.
Like all parvoviruses, the constituent capsid proteins (VP1 and VP2) are arranged
with icosahedral symmetry. The B19 capsid consists of an 83 kDa low-abundance
structural protein, VP1, and a 58 kDa major structural protein, VP2. VP2 makes up
about 95% of total capsid structure with VP1 accounting for the remaining 5%
(Ozawa et al., 1987). The sequences of the two proteins are co-linear and the entire
VP2 sequence is identical to the carboxyl-terminus of VP1. However, VP1 com-
prises an additional 227 amino acids unique to the amino-terminal, the so-called
VP1 unique region (VP1u). To the left of these sequences on the B19 genome is the
open-reading frame for a non-structural protein, NS1 which encodes a 77 kDa
protein. NS1 is a phosphoprotein with important regulatory functions including
transcriptional control (Momoeda et al., 1994a, b), virus replication and also plays
a role in host cell death (Ozawa et al., 1988). NS1 also exhibits DNA-binding
properties (Raab et al., 2002), and a multitude of enzymatic functions including
ATPase, helicase and site-specific endonuclease activity, as well as containing nu-
clear localisation signals (Li and Rhode, 1990; McCarthy et al., 1992; Jindal et al.,
1994; Brown and Young, 1998). It has been demonstrated that B19 NS1 also effects
G(1), but not G(2), arrest in erythroid UT7/Epo-S1 cells (Morita et al., 2003).

A single promoter, p6, is employed by B19 which is capable of differentially
expressing both structural and non-structural genes (Blundell et al., 1987; Ozawa
et al., 1987). The NS1 protein interacts directly with the p6 promoter and with
cellular transcription factors Sp1/Sp3 to effect transcriptional regulation (Raab
et al., 2002). Two additional smaller polypeptides (p7.5 and p11) have been iden-
tified, one encoded by a region near the centre of the B19 genome with a predicted
Mr of 7.5 kDa and the other which is encoded at the extreme right-hand end of the
genome of predicted Mr ¼ 11 kDa (St Amand et al., 1991). Spliced transcripts of
both proteins have been detected in infected cells but specific functions have not, as
yet, been assigned to either protein (Luo, 1993).

As a result of the increased interest in, and molecular detection of, parvovirus
B19 a number of new erythrovirus genotypes have been identified. Servant et al.
(2002) has suggested that B19 be classified as a genotype 1 erythrovirus with newly
identified strains A6 (Nguyen et al., 2002) and K71 (Hokynar et al., 2002) classified
as genotypes 2 and erythrovirus V9 (Nguyen et al., 1998) as the prototype genotype
3. Based on inter-genotype phylogenetic relationships between NS1 and VP1u re-
gions, respectively, erythrovirus genotype 3 (erythrovirus variant V9) has been
shown to be the most prevalent erythrovirus in Ghana and appears to divide into
two sub-types (Candotti et al., 2004).

B19 has only been shown to infect humans and replicates in human erythroid
progenitor cells (late erythroid cell precursors and burst-forming erythroid
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progenitors (BFU-E)) of the bone marrow and blood, resulting in an inhibition of
erythropoiesis (Mortimer et al., 1983). Brown et al. (1993,1994) elegantly demon-
strated that the restrictive tropism of productive B19 infection is primarily due to
the P blood group antigen, globoside (Gb4). This molecule is a significant cellular
receptor for B19 and is most often found on cells of the erythroid lineage but also
on platelets and tissues from the heart, kidney, lung, liver, endothelium and on
synovia (Cooling et al., 1995; Jordan and DeLoia, 1999). Individuals lacking
erythrocyte P antigens are very rare (1 in 200,000) and exhibit much diminished
susceptibility to B19 infection (Brown et al., 1994; Chipman et al., 1996). However,
the limited tropism of B19 is not fully understood as low-level capsid expression has
actually been observed in non-permissive cells; nonetheless, intracellular factors
unique to erythroid cells are thought to be essential for optimal transcription and
viral replication (Ozawa et al., 1987; Kurpad et al., 1999; Gallinella et al., 2000).

Weigel-Kelley et al. (2001) have demonstrated that the P antigen-expression
level on cell surfaces is not directly related to the efficiency of viral binding. In
addition, despite P antigen expression and viral adherence to the P antigen, some
cell lines could not be transduced with a B19 vector thereby indicating that a co-
receptor is likely to be necessary for B19 entry into human cells. Thus, the presence
of P antigen alone is not sufficient for B19 to gain entry into cells (Weigel-Kelley
et al., 2001) and it has been suggested that multiple b-integrins may additionally
function as co-receptors for B19 cellular uptake (Weigel-Kelley et al., 2003).

In vitro studies of B19 infectivity have been greatly hampered by difficulties in
propagating the virus in vitro. Indeed, no continuous cell line propagating B19 has
been established, due to the cytotoxic nature of the non-structural protein, NS1
(Ozawa et al., 1987; Momoeda et al., 1994b). However, recent studies have shown
that infection under hypoxic conditions (1%(v/v) O2) causes an upregulation of
B19 expression which is associated with increased viral replication and of infectious
virion production (Pillet et al., 2004). It has been demonstrated that hypoxia-
inducible factor-1 (HIF-1), a key transcription factor involved in the cellular re-
sponse to reduced oxygenation, binds an HIF-binding site (HBS) present in the B19
promoter region (Pillet et al., 2004). In a parallel work, Caillet-Fauquet et al. (2004)
have shown that human plasma containing known amounts of B19 DNA (virus)
could infect the human erythroid cell line KU812F and that under low oxygen
pressure, higher yields of infectious B19 progeny virus and increased viral tran-
scription were observed. These authors also demonstrated that anti-B19 IgG
reduced B19 infectivity and suggest that system represents a promising model to
study B19 infectivity and infectivity control methodologies.

Transmission of B19 infection most often occurs by personal contact via aero-
sol or respiratory secretions, however contaminated blood products such as clot-
ting factor concentrates are also a source of iatrogenic transmission (Anderson
et al., 1985; Lyon et al., 1989; Williams et al., 1990; Santagostino et al., 1994;
Erdman et al., 1997). Significantly, B19 can also be transmitted transplacentally
from an infected mother to the foetus, on occasion leading to non-immune foetal
hydrops (NIHF), spontaneous abortion or intrauterine foetal death (IUFD)
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(Clewley et al., 1987; Miller et al., 1998; Skjoldebrand-Sparre et al., 2000). A range
of vertical transmission rates for maternal–foetal infection of 7–33% have been
reported (Enders and Biber, 1990; Hall et al., 1990; Yaegashi, 2000). The P blood
group antigen, which acts as a receptor for B19, has been detected on cells of the
villous trophoblast of placental tissues in varying amounts during the course of
pregnancy. In the first trimester, P antigen levels are elevated, begin to decline in
the second trimester and become undetectable by the mid-stages of trimester 3
(Jordan and DeLoia, 1999). It has been proposed that this high level of globoside
receptor on placental cells in early pregnancy may act as a pathway for mater-
nal–foetus B19 transmission whereby the virus can then infect erythroid precursor
cells for replication. Indeed, Wegner and Jordan (2004) have conclusively shown
that I125-labelled B19 VP2 capsids interact with villous cytotrophoblast cells via
the P antigen. Moreover, in a detailed review of viral transmission at the uteri-
ne–placental interface, Pereira et al. (2005) have shown that cytotrophoblasts in-
fected with human cytomegalovirus exhibit altered differentiation patterns and
suggest that such abberant behaviour may contribute to foetal growth restriction.

Clinical features and prevalence

B19 has been associated with an ever-expanding range of clinical disorders since the
discovery that it is the aetiologic agent of EI, a facial and occasionally body-wide
red rash. It is also associated with complications during pregnancy, acute art-
hropathy, severe disease in immunocompromised patients and transient aplastic
crisis.

General clinical features and chronic infection

Infection with B19 occurs worldwide and cases of infection have been reported in
all seasons. Seroprevalence increases with age and by adulthood at least 70% of the
adult population are B19 IgG seropositive (Cohen and Buckley, 1988). B19 out-
breaks can persist for months in schools as seronegative children represent a sig-
nificant reservoir for B19 infection. Recently infected children therefore are the
main source of transmission in day-care centres due to the relatively large number
of seronegative children and the close contact of children within this environment
(Tuckerman et al., 1986; Grilli et al., 1989). The annual seroconversion rate among
women of childbearing age has been estimated to be 1.5% during endemic periods
and 13% during epidemics (Koch and Adler, 1989; Valeur-Jensen et al., 1999).

B19 infection has also been linked to arthritis and arthralgias, most commonly
in adults but also in children (Reid et al., 1985) as has been documented for the
rubella virus (Lee, 1962). On average, 50% of adult cases reported with EI have
associated joint symptomologies, which may last for up to 1 month (Cassinotti
et al., 1995). B19 arthritis is usually symmetrical and affects mainly the small joints
of the hands, wrists and knees (Reid et al., 1985). It is more common in females and
an estimated 60% of women with symptomatic disease exhibit signs of arthropathy
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(White et al., 1985; Woolf et al., 1989). Symptoms generally diminish within 3
weeks without any permanent joint damage (Woolf et al., 1991), however about
20% of affected women suffer a persistent or recurrent arthropathy. About 75% of
these patients have an associated rash and less than 20% have the typical ‘slapped
cheeks’ facial exanthem. It has been hypothesised that B19-associated arthritis may
be related to certain patient human leucocyte antigen (HLA) haplotypes, with
individuals classified as either HLA DR4 or B27 exhibitied increased susceptibility
(Klouda et al., 1986; Jawad, 1993). At present, it is unclear how B19 produces
symptoms associated with arthritis. Like the appearance of exanthema in EI, ar-
thritis usually occurs after the development of B19-specific antibodies which sug-
gests that symptoms may be due to immune-complex formation. Although the P
antigen is expressed on synovium, it has been shown that synovial membrane cells
are non-permissive to B19 (Miki and Chantler, 1992; Cooling et al., 1995). B19 may
gain entry to B19 receptor positive cells, that are not actively dividing, resulting in
the production of excessive, cytotoxic NS1 (Ozawa et al., 1988). The presence
of the NS1 protein induces the expression of pro-inflammatory cytokines, which
could cause the inflammation and cell damage seen in patients with B19-associated
arthritis and other inflammatory and autoimmune disorders which have been as-
sociated with B19 infection (Moffatt et al., 1996; Mitchell, 2002). The precise sig-
nificance of antibodies against the non-structural protein is unclear. Antibodies
specific for NS1 were found in individuals manifesting persistent B19-associated
arthropathy but not in convalescent serum (von Poblotzki et al., 1995a) thus
suggesting a differential host response in these cohorts. However, similar NS1
antibody reactivity in patients with either chronic or acute B19-associated art-
hropathy (Mitchell et al., 2001) and recently infected healthy individuals (Searle et
al., 1998; Ennis et al., 2001; Mitchell, et al., 2001; Heegaard et al., 2002b). Von
Landenberg et al. (2003) have suggested that B19 may be directly involved in the
induction of autoimmune reactions mediated, at least in part, by anti-phospholipid
antibodies because of the prevalence of these antibodies in persistently B19-infected
individuals.

Chronic infection with B19 may be of significance in pregnancy because, it can
be speculated that, the altered maternal immune status may facilitate re-activation
of viral infection (Bültmann et al., 2005). However, the clinical significance of
chronic B19 infection is often unclear. Chronic infection may be due to the fact that
B19 DNA persists in bone marrow, peripheral blood and synovial tissues of pa-
tients with chronic B19-associated arthropathy (Foto et al., 1993; Musiani et al.,
1995; Toivanen, 1995). However, it has also been shown that although B19 DNA
persisted in the synovium tissue of 28% of children presenting with chronic ar-
thritis, an even higher proportion (48%) of seropositive immunocompetent
volunteers had B19 DNA in their synovium tissues. These data suggest that
B19 DNA in synovial tissue may be indirectly associated with symptoms of chronic
arthropathy. None of the individuals tested had evidence of B19 DNA in syno-
vial fluid, bone marrow or blood and all were positive for B19 IgG anti-
bodies (Soderlund et al., 1997). Nonetheless, a recent report further enhances the

B19 in Pregnancy 177



correlation between B19 infection and rheumatic childhood disease (Lehmann
et al., 2003). This work clearly elucidates a significant difference in serum and/or
synovial fluid-derived B19 DNA (Po0.0001) between control (9/124; 7%) and
patient (26/74; 35%) specimens and concludes that the rate of persistent B19 in-
fection in these patients is significantly higher than in age-matched controls. How-
ever, the recent finding of B19 DNA in 64% (14/22) of control skin biopsies
compared to 50% (18/36) of chronic urticaria patients confirms that caution should
be exercised in drawing conclusions regarding B19 involvement in skin disorders,
and possibly in other B19-associated clinical disorders (Vuorinen et al., 2002).

B19 infection and pregnancy

Exposure to, and infection with B19 can lead to serious complications during
pregnancy (Fig. 1). Infection during pregnancy may result in foetal anaemia,
spontaneous abortion and hydrops foetalis (Brown et al., 1984; Kinney et al., 1988;
Heegaard and Hornsleth, 1995). Seroprevalence studies have shown that approx-
imately 30–40% of women are not immune, therefore do not possess B19 anti-
bodies, and are consequently at risk of B19 infection. A vertical transmission rate
of 33% has been reported by the United Kingdom Public Health Laboratory
Service (PHLS, 1990) and similar rates have been reported in other studies (Brown
et al., 1984; Hall et al., 1990), although a recent report has disclosed a transmission
rate of 51% (Yaegashi, 2000). On the basis of 4 million births occurring in Europe
per annum (Eurostat, 1998), an average B19 seronegativity of 30% among preg-
nant women and a seroconversion rate for women of child-bearing age of 0.1–1%,
it can be estimated, that up to 14,000 women will seroconvert during pregnancy.
About 20% of B19 infections in pregnancy are thought to result in foetal loss, thus
implying that 2800 incidences of foetal death will occur each year, in Europe, as a
consequence of B19 infection (Levy et al., 1997; Miller et al., 1998; Wattre et al.,
1998). This figure is based solely on live births and as the number of actual preg-
nancies is much higher, the above estimate is conservative. Based on overall birth
rates, similar incidences of foetal death due to B19 infection can be predicted for
the US and Canada.

Pregnant women are most susceptible to B19 infection during epidemics and
also when exposed to recently infected children in the home (Valeur-Jensen et al.,
1999). During outbreaks, transmission rates of 25% in the school and 50% in the
home have been reported (Anderson et al., 1990). It is somewhat unfortunate that
most pregnant women acutely infected with B19 remain asymptomatic (Fig. 1),
however some do experience symptoms such as exanthema and arthralgia
(Komischke et al., 1997; Enders et al., 2004). As these symptoms are commonly
associated with pregnancy, acute B19 infection can often be overlooked, however
routine analysis of maternal immune status with respect to B19 infection would
overcome this problem. Although open to debate, we propose that pregnant
women should be carefully monitored during pregnancy for acute B19 infection
due to the high level of seroconversion in young women and because infection with
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B19 during pregnancy can lead to spontaneous abortion or foetal anaemia. Given
the availability of standardised and reliable diagnostic test systems, such screening
should be relatively straightforward to implement.

Foetal death usually occurs 4–6 weeks postinfection but has been reported up
to 12 weeks after B19 symptomatic infection (Hedrick, 1996). A study of 427
pregnant women with B19 infection in the UK found that foetal loss was limited to
the first 20 weeks of gestation (Miller et al., 1998). This is supported by figures
released in the UK and other studies which reported that foetal loss as a conse-
quence of intrauterine B19 infection is highest in, but not restricted to, the first 20
weeks of gestation (PHLS, 1990; Hall et al., 1990). The outcome of one of the
largest prospective studies of foetal complications as a result of serologically con-
firmed maternal B19 infection (n ¼ 1018 individuals) was published in 2004 and
provides some of the most important information to those involved in the man-
agement of B19-infected maternal infection (Enders et al., 2004). Over a 5-year

Exposure to Parvovirus B19 during Pregnancy 

(Inter-personal contact or blood products).

Symtomatic or Asymptomatic Infection 
may occur.

Maternal B19 serology 
and virology

Monitor carefully 
Re-test?

B19 Negative

Ultrasound, fetal hemoglobin,
hydrops fetalis? 

Acute B19 Infection 

Symptomatic

Routine ultrasound may detect 
fetal hydrops. 

Asymptomatic

Severe fetal hydrops:
Consider intrauterine transfusion

Fetal demise

Fetal survival

Unsuccessful

Successful 

Parvovirus B19 Infection in Pregnancy- Possible Outcomes 

Fig. 1 Parvovirus B19 infection in pregnancy—possible outcomes. Exposure to B19 during pregnancy

may result in either symptomatic or asymptomatic infection. Symptomatic infection can generally be
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ultrasound and foetal haemoglobin determination will be required to diagnose foetal hydrops, in ad-

dition to B19 DNA detection. Recent evidence indicates that intrauterine foetal transfusion may be an

important tool in the successful treatment of severe fetal hydrops (Enders et al., 2004).
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period (1993–1998), B19 infection was serologically confirmed in 1018 pregnant
women, 73% of whom presented without the classical symptoms of B19 infection
such as rash and arthropathy. The incidences of hydrops foetalis and foetal death
were 3.9% (40/1018) and 6.3% (64/1018), respectively with all foetal deaths
occurring prior to 20 weeks gestation (11%; 64/579). The risk of foetal hydrops was
highest when infection occurred during gestation weeks 13–20 (7.1%; 23/322).
Intrauterine foetal transfusions were administered in 13/23 cases of severe foe-
tal hydrops and a survival rate of 85% (11/13) was observed. Strikingly, no foetal
survival was evident in the remaining 10/23 cases of severe foetal hydrops where
intrauterine transfusion was not administered. Thus one of the major findings of
this study has been that prompt intervention, via intrauterine transfusion following
confirmation of severe foetal hydrops, can contribute to a reduction in the rate of
foetal death (Fig. 1) (Enders et al., 2004).

Anaemia is, therefore, a key underlying factor in the development of hydrops.
Foetal hydrops was initially associated with B19 infection in 1984 (Brown et al.,
1984). Since then, 10–20% of cases of NIHF have been reported to be B19 as-
sociated (Yaegashi et al., 1994; Jordan, 1996), and in a study of B19 infection in
Japanese women during pregnancy, the risk of hydrops was determined to be about
10% (Yaegashi et al., 1999). NIHF usually occurs 2–4 weeks after maternal B19
infection (Komischke et al., 1997). Cases of IUFD associated with foetal hydrops
and caused by B19 have been most commonly reported in the second trimester and
to a lesser extent in the third trimester of pregnancy (Sanghi et al., 1997). When
cases of IUFD occurring during an 18-month period in the UK were examined it
was discovered that 11 deaths were caused by B19 in the second trimester, and of
these only three were hydropic (Wright et al., 1996). In a separate study over a 16-
year period, 10 cases of IUFD were reported which were presented in gestational
weeks 15–29. Of those cases, 90% of the fetuses were hydropic, 30–40% had as-
sociated heart failure and three of the maternal infections had been asymptomatic
(Morey et al., 1992).

The critical time of infection has since been narrowed down to the 16th week of
gestation (Yaegashi et al., 1999) with most cases of foetal loss due to B19 infection
reported in the second trimester (Enders and Biber, 1990; Torok, 1990; Wattre
et al., 1998). This susceptibility can be attributed, at least in part, to the relative
immaturity of the foetal immune response at this stage. More importantly though,
is the tropism B19 has for erythroid progenitor cells (Yaegashi, 2000) and the fact
that in the second trimester of pregnancy the lifespan of foetal red blood cells
(RBCs) is shortened and the RBC mass increases 3- to 4-fold during this period of
gestation (Rodis et al., 1988). During an infection, B19 replication occurs within
these cells which undergo apoptosis resulting in an inhibition of erythropoiesis
(Morey et al., 1993). As B19 replicates, cell lysis occurs causing erythroblastopenia
and therefore severe foetal anaemia, which may be fatal to the foetus. Indeed,
Norbeck et al. (2004) have recently demonstrated that VP2 protein alone, or com-
ponent peptides, have the potential to inhibit haematopoiesis both in and ex vivo

and suggest its potential use for the treatment of diseases such as polycytemia vera.
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However, direct inhibition of haematopoiesis by B19 VP2 may also be associated
with the pathogenicity of B19 infection towards the foetus via disruption of red
blood cell maturation.

Third-trimester foetal loss or IUFD caused by an acute B19 infection had not
been widely reported until recently. Skjoldebrand-Sparre et al. (2000) reported that
of 93 cases of IUFD examined, 7.5% had B19 DNA in the placental tissue in the
absence of foetal hydrops. None of the infected pregnant women in this study
showed any clinical symptoms of B19, which again reinforces the proposal of
routine screening for B19 exposure during pregnancy. Skjoldebrand-Sparre et al.
suggested that, in the past, B19-associated IUFD in the final stages of gestation
may have been overlooked due to inadequate diagnostic procedures and also the
difference in clinical features of third-trimester B19 infection. However, one of the
most unusual observations in these cases of IUFD was the lack of foetal hydrops
and the fact that many of the cases (5/7) had either delayed or absent B19 IgG
responses. Histopathological examination of the foetuses revealed no major ab-
normalities. Another report of non-hydropic third-trimester IUFD associated with
B19 infection has been published (Tolfvenstam et al., 2001a). Here, it was revealed
by PCR analysis, of the foetal or placental tissues, that 15% of IUFD was at-
tributable to B19 infection. This study also found delayed B19-specific antibody
responses, as the mothers involved had no serological evidence of an acute B19
infection. However, follow-up studies detected B19 antibody seroconversion within
6 months. Tissue samples exhibitied no signs of viral inclusions and immuno-
chemical analysis revealed no evidence of B19 proteins (Tolfvenstam et al., 2001a).
Although the concept of B19-induced third-trimester foetal loss data has proved
somewhat controversial (Crowley et al., 2001; Sebire, 2001), it undoubtedly further
illustrates the requirements for awareness of B19 pathogenesis and diagnostic B19
quantitative PCR screening during pregnancy. Furthermore, Nunoue et al. (2002)
strongly suggest that prospective studies to evaluate the relationship between time
of infection and IUFD, with and without signs of foetal hydrops, are necessary. In
fact, B19 PCR may be the most sensitive way of diagnosing intrauterine B19
infection especially since more than 50% of infected foetuses test negative for B19
IgM (Dieck et al., 1999).

Although follow-up of foetal status is generally recommended to take place for
up to 3 months following diagnosis of material infection, Nyman et al. (2005) have
reported a case of IUFD occurring 5 months after primary diagnosis of infection
and associated with prolonged B19 viraemia and the presence of serological mark-
ers. These authors have suggested that revision of current follow-up criteria may be
necessary if extended viraemia is a more common occurrence than heretofore
thought.

Rodriguez et al. (2002, 2005) have undertaken the analysis of NIFH in both
stillborn and livebirth autopsy scenarios. Following the evaluation of 840 stillborn
autopsies (Rodriguez et al., 2002), 51 cases of NIFH were observed which rep-
resented 6.07% of all stillbirths. Congenital infection, caused either by bacterial or
viral infection was identified in 17 of the 51 cases of NIFH of which B19 was
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uniquely identified in four cases (7.8%). In fact, B19 infection was the fifth most
prevalent of a total of 23 individually classified NIFH aetiologies by these authors.
Subsequently, Rodriguez et al. (2005) have also studied the aetiology of NIFH in
liveborn infants (n ¼ 429, 14-year period) who died soon after birth. Although a
similar incidence of NIFH was observed to the previous study (7.45%; 32/429), the
aetiology of B19-associated NIFH, in an individual with systemic infection and
myocarditis, was only 3.1% (1/32 cases). Given this lower incidence of livebirth
with B19-associated NIFH, these observations support the view that the effects of
B19 infection during pregnancy are more likely to result in either in utero foetal
death or the complete resolution of infection, with, or without, the administration
of appropriate therapies.

An unusual case of foetal demise, caused by B19 infection, has been described
by Marton et al. (2005). Here, despite the successful administration of multiple
foetal blood transfusions to prevent anaemia, foetal hydrops worsened and cardiac
enlargement was observed upon foetal echocardiographic analysis which resulted in
foetal death after delivery at week 31 of gestation. Subsequent autopsy found
evidence of liver fibrosis. In addition, cardiomegaly and cardiac failure was caused
by B19 infection and B19-infected cardiac myocytes, as shown immunohistochem-
ically, were found to have undergone apoptosis. Thus, therapeutic intervention is
not always successful.

Although rare, B19 infection occurs during twin pregnancies and while it ap-
pears that both twins are equally susceptible to infection, individual foetus survival
does occur (Wolff et al., 2005; Graesslin et al., 2005). Graesslin et al. have reported
an occurrence of one foetal death at week 13 with foetal hydrops evident in the
second twin. Following confirmation of B19 infection via B19 DNA detection in
amniotic fluid and maternal B19 IgG reactivity, in utero blood transfusion raised
foetal haemoglobin levels from 3.9 to 5.9 g/dl and, apart from transient my-
ocarditis, the twin survived and was born normally without any negative outcome.

While much focus has rightly been placed on foetal survival following B19
infection, maternal health may not go unaffected. Bültmann et al. (2005) have
recently described how peripartum cardiomyopathy (PPCM), a rare disorder
whereby left ventricular dysfunction, develops in late pregnancy or early puerper-
ium, may be associated with virus-associated inflammatory responses in myocytes.
These authors studied 26 cases of PPCM and analysed endomyocardiac biopsies
for a range of viral genomes and identified B19 (n ¼ 4), HHV6 (n ¼ 2), CMV
(n ¼ 1) and EBV (n ¼ 1) DNA in eight patients (30.7%). Borderline myocarditis
was evident in all cases and one B19 infected patient also exhibited dilated card-
iomyopathy with inflammation. Although a similar occurrence of viral DNA was
detected in control patients (30.3%), no inflammatory responses were evident.
Consequently, Bültmann et al. (2005) have hypothesised that changes to immune
function during pregnancy may facilitate reactivation of latent viral infection, or
potentiate the effects of a recent infection, resulting in inflammatory cardiomyopa-
thy associated with viral infection. In any case, this study clearly shows the re-
quirement for virological assessment of PPCM cases.

A. Corcoran, S. Doyle182



To date, there is very little evidence to suggest that maternal B19 infections
increase the risk of congenital anomalies and generally B19 is considered to be
embryocidal rather than teratogenic. However, there have been case reports of
central nervous system, eye and craniofacial anomalies (Markenson and Yancey,
1998; Levy et al., 1997).

Immunity to B19 infection

Antibody-mediated immune response

Upon exposure of immunocompetent individuals to B19, high-titre B19 viraemia
usually occurs within 1 week and lasts about 5 days with virus titres peaking on the
first 2 days. B19-specific IgM antibodies are detected late in the viraemic stage, on
about day 10–12 and can persist for up to 5 months postinfection (Anderson et al.,
1985; Schwarz et al., 1988; Yaegashi et al., 1989), but in some patients can last even
longer (Musiani et al., 1995). B19-specific IgG antibodies appear about 15 days
postinfection, remain elevated for many months and generally persist long term
(years). Antibodies against linear epitopes of the B19 VP2 protein and to some
extent VP1, disappear abruptly after B19 infection whereas IgG reactivity against
conformational epitopes of both VP1 and VP2 persist (Soderlund et al., 1995; Kerr
et al., 1999). B19 IgA antibodies are detectable for a short period following the
onset of clinical symptoms to B19 (Erdman et al., 1991) but have attracted little
attention as diagnostic markers of infection. The development of the B19-specific
antibody response corresponds with viral clearance and also, in the vast majority of
cases of B19 infection in immunocompetent individuals, protection from subse-
quent infection (Anderson et al., 1985)—although absolute confirmation of pro-
tective and neutralising B19-specific antibodies has yet to be established. However,
Serjeant et al. (2001) have shown that in children with sickle cell disease, only one
episode of B19-associated transient aplastic crisis (TAC) is ever detected, thereby
strongly suggesting an absence of re-infection.

The B19 VP1 protein, and in particular the VP1u, was thought to be the
immunodominant antigen. Moreover, its incorporation into serological assays was
thought essential (Rayment et al., 1990). However, it is now clear that this obser-
vation, which was based on the absence of antibodies to linear epitopes within the
VP2 protein, when screened by Western blot, is erroneous. It has now been con-
clusively established that antibodies against capsid VP2 are maintained even when
B19 IgG directed against the VP1u is lost (Kerr et al., 1999; Manaresi et al., 1999;
Corcoran et al., 2000). Although, the key role of cellular immunity against B19
infection is emerging (see the section on Cellular immunity), specific anti-viral an-
tibody is considered to represent a significant mechanism of immune protection,
based on the circumstantial evidence that high-dose immunoglobulin therapy is
sometimes beneficial in infected patients (Kurtzman et al., 1989b; Schwarz et al.,
1990). Additionally, persistent infections associated with chronic anaemia have been
observed where the immune response to B19 has failed to produce neutralising
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antibodies or they have been at very low levels (Kurtzman et al., 1987,1988;
Coulombel et al., 1989).

Cellular immunity

Cellular immunity to parvovirus B19 has not been studied as comprehensively
as the humoral response, predominantly due to the fact that antibodies were
thought to be the most important response in combatting B19 infection. Initial
attempts to demonstrate specific T-cell proliferative responses to B19 were unsuc-
cessful (Kurtzman et al., 1989a) which for some time supported the prevailing
theory that neutralising antibody production alone conferred immunity to B19.
Ex vivo B19-specific CD4+ T-cells responses were first detected in 1996 against
Escherichia coli-expressed VP1, VP2 and NS1 antigens (von Poblotzki et al., 1996).
T cell responses of 16 individuals were analysed ex vivo (10 seropositive and six
seronegative blood donors), none of whom had evidence of acute infection. Of the
seropositive cohort stimulated with VP2, 90% displayed specific T-cell responses
and 80% exhibited VP1-specific responses. There was no significant difference in
T-cell proliferation for NS1 between seropositive and seronegative individuals.
Upon inclusion of HLA class I and II-specific monoclonal antibodies it was de-
termined that HLA class II-specific antibodies inhibited T-cell proliferation, indi-
cating that the effector T-cell population are CD4+ cells. Subsequent peripheral
blood mononuclear cells (PBMC) depletion of either CD4+ or CD8+ T cells and
stimulation of the remaining population confirmed this observation.

Subsequent studies showed significant ex vivo T-cell reactivity in PBMC of
recently and remotely infected individuals using a B19 candidate vaccine (Franssila
et al., 2001) and also B19 recombinant proteins, VP1 and VP2 (Corcoran et al.,
2000). Recently infected individuals displayed very strong T-cell stimulation re-
sponses to the B19 capsids exhibiting average T-cell stimulation indices (S.I.) of 36
(Franssila et al., 2001). Blood donors with past infections gave comparable rates of
T-cell stimulation. Seronegative individuals had S.I. values of about 3.3 and this
study also showed that the responding population of T cells were CD4+. Although
von Poblotzki et al. (1996) found no difference in T-cell responses to NS1 in
seronegative and seropositive individuals, significant responses to this antigen have
been reported in both recently infected individuals and patients who developed
chronic arthropathy following B19 infection (Mitchell et al., 2001). T-cell responses
to NS1 were not seen in the group of healthy individuals with past B19 infection
except for two individuals who notably, were also NS1 IgG seropositive.

The cellular immune response to a 15-mer epitope of NS1 that is specifically
recognised by cytotoxic CD8+ T cells was investigated using major histocompat-
ibility complex (MHC) tetrameric complex binding (Tolfvenstam et al., 2001b). The
response of 21 individuals to this epitope was examined in healthy volunteers and
HIV-1-infected adults and children. Sixteen of the volunteers were HLA matched
(HLA B35) and 6 were mismatched; 63% of matched individuals displayed specific
CD8+ T-cell responses; 72% of matched individuals in the same cohort exhibited
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specific T-cell responses causing the production of interferon-g (IFN-g). The level of
B19-specific CD8+ T-cells was similar among healthy and HIV-infected individ-
uals. The results presented in this report showed the important cellular role of
cytotoxic T cells in combating B19 infection (Tolfvenstam et al., 2001b). Moreover,
B19-specific T-cell responses may now represent a novel method for confirming
past B19 infection.

Using a combination of ex vivo analytical approaches (e.g. IFN-g ELISpot and
51Cr-release assays following T-cell stimulation with peptides essentially represent-
ing the entire B19 proteome), Norbeck et al. (2005) have demonstrated that CD8+
T-cell responses are induced, and maintained for up to 2 years, following B19
infection of immunocompetent female individuals (n ¼ 5). Moreover, these authors
have also identified a number of HLA restricted CD8+ T-cell epitopes, most of
which are located within the B19 NS1 protein. These workers further showed that
while all individuals exhibited ex vivo IFN-g responses to NS1 peptides, only 2/5
individuals were responsive to VP2-derived peptides and none to VP1u peptides.
Norbeck et al. concluded that while CD4+-mediated immunity is directed towards
the B19 structural proteins, it appears that CD8+ cytotoxic immunity is primarily
directed against epitopes located within NS1 protein and postulated that B19 may
represent a model organism to explore temporally extended viral–host interactions.

The importance of evaluating T-cell responses in understanding the nature of
B19 infection was demonstrated recently by Chen et al. (2001). An AIDS patient
with persistent B19 infection was identified. An initial remission of B19 infection in
the patient was evident despite a lack of a specific antibody response, thus indi-
cating a role for cellular immunity in combatting B19 infection. In addition to this
case, NS1-specific lymphocytes have been detected in two B19 seronegative indi-
viduals who were exposed to B19, indicating a possible sub-clinical B19 infection or
perhaps a loss of antibodies against capsid proteins (Mitchell et al., 2001). Inves-
tigations by Tolfvenstam (Tolfvenstam et al., 2001b) identified two healthy
immunocompetent adults and two HIV-1-infected patients, seronegative for B19,
with specific CD8+ T-cell responses against B19 by either IFN-g ELISpot or
tetramer-binding studies, thus implying the presence of a cellular response in the
absence of a humoral response.

The production of a number of specific cytokines has thus far been associated
with B19 infection. Significant T-cell transcriptional activation has been reported in
a patient with acute B19 infection, causing increased levels of interleukin (IL)-1b,
IL-6 and IFN-g messenger RNA (mRNA) (Wagner et al., 1995). In a study of
recently infected children it was shown that although strong T-cell proliferative
responses were evident to both capsid proteins, production of the Th1 cytokine,
IFN-g, but not IL-2, was impaired when compared to convalescent adults (Corcoran
et al., 2000). Corcoran et al. also demonstrated that ex vivo T-cell responses from
B19 seropositive compared to seronegative individuals pregnant individuals
(n ¼ 149) exhibited significantly higher IFN-g levels for following VP1 (268+36
versus 103+19pg/ml; p ¼ 0.003) and VP2 (242+42 versus 91+16pg/ml; p ¼ 0.01)
antigen stimulation. Significantly higher levels of IL-2 were also observed in B19
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seropositive individuals following both VP1 (p ¼ 0.0003) and VP2 (p ¼ 0.0005)
stimulation (Corcoran et al., 2003). However this ex vivo production of IFN-g and
IL-2 observed in B19 seropositive pregnant women was lower than previously ob-
served for healthy non-pregnant individuals suggesting a possible diminution of the
maternal anti-viral immune response, which may subsequently increase the risk of
foetal B19 infection.

The effect of maternal immune status, during pregnancy, on B19 infection has
been further clarified by the work of Franssila et al. (2005) whereby weaker T-cell
proliferative responses and also specific cytokine secretions (IFN-g and IL-10) were
detected in recently infected pregnant women (n ¼ 3) compared to control and
recently infected non-pregnant women. In fact, there was no evidence of IL-10
production in the B19-infected pregnant individuals. Interestingly, one of the pa-
tients with no symptoms of infection displayed stronger IFN-g responses against
VP1/2 co-capsids than against VP2 capsids only, when compared to the other two
pregnant and B19-infected (symptomatic) individuals. Foetal loss occurred only in
the case of asymtomatic B19 infection and it could be hypothesised that the greater
reactivity to B19 VP1 epitopes, demonstrated by elevated ex vivo production of the
Th1 cytokine, IFN-g, may in some way be associated to this observation. Overall,
the relatively weaker T cell responses to B19 antigens during pregnancy, observed
by Franssila et al. (2005) is in accordance with the data and proposal of Corcoran
et al. (2003) that pregnancy may contribute to the pathogenicity of B19 infection
through attenuation of the anti-viral immune response.

Expression of the non-structural protein, NS1, causes the production of in-
creased levels of the inflammatory cytokine IL-6 in a number of cell lines including
hematopoietic cell lines and human umbilical vein endothelial cells (Moffatt et al.,
1996). IL-6 is known to be involved in synovial cell proliferation and in addition,
high levels of IL-6 along with other inflammatory cytokines have been found in
inflamed joints of patients with rheumatoid arthritis (RA), which would suggest an
association between IL-6 production and the joint manifestations observed with
B19 infection (Bataille et al., 1995). In addition to IL-6 production, high levels of
IFN-g, TNFa and IL-8 have been detected in the serum of infants with B19-
associated acute myocarditis (Nigro et al., 2000). There has been some evidence to
suggest that IL-2 production at the maternal–foetal interface of women who se-
roconvert during pregnancy will determine the outcome of the gestation. There was
a trend towards more CD3+ T cells and IL-2 secretion on the foetal side from
pregnancies with poor outcome, whereas IL-2 on the maternal side within the
intervillous space was associated with a favourable prognosis (Jordan et al., 2001).

Diagnosis of B19 infection

Extremely accurate laboratory diagnosis of recent B19 infection or past exposure
relies on testing (i) serum or plasma specimens for either specific antibody reactivity
against viral capsid proteins, VP2 or VP1, expressed in eukaryotic expression
systems (e.g. baculovirus-expression system) by ELISA or (ii) for B19 DNA in
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maternal or foetal tissues (e.g. amniotic fluid or blood) by qualitative or quan-
titative PCR (Fig. 2). It is important to note that B19-specific immunoassays
incorporating E. coli-expressed B19 proteins only, which have undergone dena-
turation as part of a manufacturing process, will produce false-negative results due
to the absence of conformational epitopes (Jordan, 2000) and the use of such
systems should be avoided in the interests of patient care. A specific advantage of
the eukaryotic baculovirus-expression system is its ability to enable the post-trans-
lational protein folding necessary for the generation of soluble VP2 capsids (Fig. 3)
(Brown et al., 1990; Kerr et al., 1995a). Unlike B19 VP2, VP1 does not appear to
form soluble capsid structures, however, VP1 has been produced as a ‘conforma-
tionally intact’ protein which has been shown to retain conformational epitopes
present in the native virion (Brown et al., 1990; Kerr et al., 1999). Co-expression of
VP1 and VP2 in eukaryotic expression systems has been proposed to result in the
formation of empty capsids, which are antigenically indistinguishable from native
B19 virions. Furthermore, it has been hypothesised that such co-capsids contain
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conformational epitopes essential for accurate detection of infection (Kajigaya
et al., 1989, 1991; Franssila et al., 2001; Ballou et al., 2003).

Evidence has recently emerged that B19 NS1 IgG and IgM detection may also
contribute to the diagnosis of acute B19 infection, thereby supplementing the de-
tection of B19-specific antibodies, reactive towards B19 capsid antigens, as diagno-
stic markers of B19 exposure (Ennis et al., 2001; Heegaard et al., 2002b).

Fig. 3 Parvovirus B19 capsids. Electron microscopic image of B19 capsids, comprising recombinant

B19 VP2 only, which are produced using the baculovirus expression system. These capsids are utilised in

FDA approved serological assays to detect B19 IgM and IgG. Courtesy of Biotrin Limited, Dublin,

Ireland.
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Detection of b19 IgM

Acute B19 infections can be detected and confirmed by the presence of B19-specific
IgM reactivity while past infections are detected by IgG reactivity (Anderson et al.,
1985) (Fig. 2). Generally, IgM antibodies appear 7–10 days postinfection and are
directed against linear and conformational epitopes of VP1 and VP2 (Palmer et al.,
1996; Manaresi et al., 2001).

Only one B19 IgM diagnostic test is available that has been approved by
the United States Food and Drug Administration (FDA) for the detection of
B19-specific IgM as a marker of recent infection in pregnancy. This test system is a
m-capture enzyme immunoassay (EIA) that utilises highly purified recombinant
B19 VP2 capsids (Fig. 3) for the detection of B19-specific IgM in either human
serum or plasma. The immunoassay has a sensitivity of 89.1% and a specificity of
99.4% (Doyle et al., 2000) and is extensively used for the diagnosis of recent B19
infection (Jordan, 2000; Mitchell et al., 2001; Vuorinen et al., 2002). Validated
alteration of the immunoassay cutoff, based on receiver operating charcterisitic
(ROC) analysis can accommodate superior immunoassay sensitivity (>89.1%)
which may have a utility in the detection of lower levels of B19-specific IgM in
pregnancy, immunocompromised individuals and young children (Doyle et al.,
2000). Of special significance is the observation that no evidence of cross-reactivity
with antibodies specific for other pregnancy-related viral infections (e.g. rubella,
mumps, varicella zoster virus, cytomegalovirus and herpes simplex virus-1 (HSV-
1)) and HSV-2 is apparent when this immunoassay is used in clinical settings.
Although at present there is no international standard preparation for B19 IgM,
the widespread utilisation of this immunoassay system means that inter-laboratory
results can be compared with confidence. It should be stated that previous studies
have reported cross-reactivity with rubella in several commercial B19 IgM assays
(Sloots and Devine, 1996; Tolfvenstam et al., 1996) and as the symptoms of rubella
infection are similar to those of B19 infection this was a cause for concern, par-
ticularly in the diagnosis of infection in pregnant women. A 5% false-positive rate
was reported when specimens from healthy volunteers were analysed with a range
of commercially available B19 IgM immunoassays, probably due to cross-reactivity
and the lack of specificity in these immunoassays (Tolfvenstam et al., 1996). How-
ever, as of 2005 many of the systems employed in these studies are no longer
available.

Beersma et al. (2005) have shown that B19 DNA levels in sera exhibit signifi-
cant correlation with the presence of B19 VP2-reactive IgM (Pearson coefficient,
r ¼ 0.44). Moreover, these authors have demonstrated that in sera with B19 DNA
loads greater than 106 IU/ml, B19 IgM reactivity (as defined by specimen/assay
cutoff ratio) always exceeds 3.0. Thus, it is clear that the presence of B19 VP2 IgM
antibodies in sera is predictive for the presence of B19 DNA. Beersma et al. also
evaluated differential antibody reactivity between B19 VP1 and VP2 antigens
and suggest that because only low levels of B19 DNA were present in the small
number of sera (4/212) which were B19 VP1-only IgM reactive that B19 VP2 IgM is
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sufficient to detect highly B19 viraemic sera. These observations represent ex-
tremely useful information in a clinical context as they represent the first data
correlating viral load with B19 IgM antibody levels.

Some reports have suggested that IgM directed against conformational
epitopes on VP1 and VP2 proteins, and against linear epitopes on VP1, are pro-
duced at the same time postinfection and with identical frequencies. However, it
has also been suggested that IgM reactivity against the minor capsid protein, VP1,
may persist somewhat longer postinfection (Palmer et al., 1996; Manaresi et al.,
2001). Thus, should IgM responses against conformational VP1 persist at a time
when other B19-specific IgM antibodies are absent, then diagnostic techniques
incorporating conformational VP1 may not be the most suitable marker of acute
B19 infection. However, other work could elucidate no difference in IgM reactivity
against conformational epitopes of the capsid proteins in diagnosing B19 infection
(Kerr et al., 1999). Furthermore, these authors observed no differences in IgM
reactivity against native (conformationally intact) antigens and linearised antigens
for either VP1 or VP2.

Although detection of B19 NS1 IgM has received little attention as a marker
of recent infection with parvovirus B19, Ennis et al. (2001) observed that 27.5%
(11/40) of specimens that were B19 VP2 IgM positive also contained B19 NS1 IgM
when tested by ELISA. Interestingly, when these samples were analysed by Western
blot there was no evidence of NS1 IgM reactivity which indicates that conformat-
ional epitopes of the NS1 protein may be important for detection.

Detection of B19 IgG

After exposure to B19, the appearance of B19 IgG antibodies coincides with di-
minishing IgM antibody response, and B19 IgG reactivity against conformational
epitopes of VP1 and VP2 persists postinfection (Fig. 2). However, for both capsid
proteins, reactivity against linear epitopes declines postinfection, abruptly against
VP2 but more slowly against VP1 (Soderlund et al., 1995; Kaikkonen et al., 1999;
Kerr et al., 1999; Manaresi et al., 1999)—an observation which has significant
consequences for diagnosis. Antibody reactivity against linear VP2 epitopes, pre-
dominantly directed against a heptapeptide (amino acids 344–350) identified by
analysis of acute-phase sera (Kaikkonen et al., 1999), usually disappears within 6
months of B19 infection (Soderlund et al., 1995). Thus detection of B19-specific
IgG, directed against linear epitopes of VP2, may assist in timing B19 exposure to
within a 6-month period.

Although the antibody response wanes against linear epitopes on B19 capsid
proteins it persists against conformational epitopes of both capsid proteins. Only
one FDA approved B19 IgG immunoassay is available to detect B19 IgG as a
marker of past infection (Corcoran et al., 2000). This microplate immunoassay
which utilises capsid VP2 to detect B19 and erythrovirus V9 (genotype 3) IgG
(Heegaard et al., 2002a; Candotti et al., 2004; Corcoran et al., 2005b) (Fig. 3). In
studies undertaken to fulfill FDA approval criteria, inter-assay reproducibility data
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for this B19 IgG-specific immunoassay was determined by blinded analysis of a
panel of unreactive, weakly reactive and reactive B19 IgG specimens (n ¼ 16)
across three separate manufactured lots of the immunoassay, at three test sites,
over a 3-day period. Consequently, each specimen was assayed three times per day
(in duplicate) per lot, on three different days, at each of the three laboratories
(n ¼ 81 assays per specimen). Total inter-assay reproducibility was excellent, and
% coefficient of variation (%CV), ranged from 11.2 to 21.8%CV or 15.6 to
26.8%CV when expressed in terms of either immunoassay index (specimen/cutoff
ratio) or OD values, respectively. Linear regression analysis of inter-site data con-
firmed the high reproducibility and robustness associated with the B19 IgG-specific
immunoassay and correlation coefficients of 0.99 were observed for both index and
OD values, respectively, for both inter-site (site 1 versus 2, site 2 versus 3 and 1
versus 3) and all inter-lot comparative scenarios. Comparative studies of this ba-
culovirus-based immunoassay to another commercially available E. coli-based VP1
immunoassay for the detection of B19 antibodies in pregnant women have been
undertaken and confirmed the accuracy of diagnosis, and absence of equivocal
results, of the VP2 capsid immunoassay system (Jordan, 2000). The availability of a
B19 IgG international standard (2nd International Standard 2003; code 01/602; 77
IU/ampoule) further contributes to the accurate confirmation of past B19 infection
by standardising B19 IgG determination from different laboratories using different
test systems (Ferguson et al., 1997; Searle et al., 1997).

Candotti et al. (2004) have recently presented controversial data which sug-
gested that enzyme immunoassays utilising B19 VP2 capsids derived from genotype
1 did not detect a subset of erythrovirus genotype 3 (V9)-derived IgG. These find-
ings have been disputed (Corcoran et al., 2005b) and work is currently underway to
resolve this significant issue. Initial data (not shown) from analysis of blinded
specimens suggest that B19 VP2 capsids can indeed detect all V9-derived IgG, a
finding which confirms the diagnostic utility of this validated immunoassay system
and that VP1 presence is not necessary to diagnose B19 infection.

The importance of NS1-specific IgG merits consideration with view to im-
proved diagnosis of acute B19 infection. Although the presence of B19 NS1 IgG
was originally proposed to be associated with persistent B19 infection (von Po-
blotzki et al., 1995a, b), it now appears to be the case that no significant difference
between the level of NS1 IgG in control patients with past infection and those with
chronic B19 infection is evident (Searle et al., 1998; Venturoli et al., 1998; Jones et
al., 1999). In addition, Tolfvenstam et al. (2000) have mapped B-cell epitopes on
NS1 and identified three antigenic regions (amino acids 191–206, 271–286,
371–386), which exhibited equal reactivity towards antibodies from healthy indi-
viduals with past B19 infection and B19-persistently infected patients. Hemauer
et al. (2000) showed that NS1 IgG reactivity was most prevalent in serum following
recent infection in pregnant women (61%) which, in turn, was supported by the
work of Mitchell et al. (2001). Mitchell et al. examined NS1 IgG reactivity in sera
from a range of cohorts (i.e. individuals (i) infected with B19, (ii) who had been
exposed to B19 but were not infected, (iii) who were suffering from a rash illness,

B19 in Pregnancy 191



chronic arthropathy or (iv) were healthy controls) and observed that NS1 IgG
reactivity was predominant in recently infected specimens. Moreover, when sub-
sequent specimens from these individuals were analysed, the level of NS1-specific
IgG reactivity had declined. In addition there was no evidence of a correlation
between NS1-specific IgG and the onset or development of arthropathy (Mitchell
et al., 2001). Ennis et al. (2001) demonstrated that 69% of children recently infected
with B19 were NS1 IgG seropositive and Heegaard et al. (2002b) also observed a
seroprevalence of 60% B19 NS1 IgG in recently infected individuals (o6 weeks
postinfection) and suggest that NS1 IgG detection may significantly improve
immunoassay sensitivity. Thus as the NS1-specific IgG response diminishes, as the
virus is cleared, NS1 IgG reactivity may contribute to accurate diagnosis as a
marker of recent infection, in parallel with the detection of IgG against linear
epitopes on VP2 (Ennis et al., 2001).

In summary, detection of B19-specific IgM indicates recent infection with B19
and B19 IgG detection confirms past exposure. Detection is optimal in immuno-
assays utilising VP2 capsids for antibody detection. Antibody detection against B19
NS1 protein may contribute to the confirmation of recent B19 infection but only
when in association with standardised VP2 capsid-based immunoassays. Genotype
3 (erythrovirus V9) antibody detection is also feasible using immunoassays based
on B19 VP2 capsids.

B19 DNA detection by PCR

Without doubt, the most sensitive method of diagnosis of B19 infection in preg-
nancy is the detection of B19 viral DNA in maternal–foetal blood or tissue by
PCR. Many clinical laboratories now provide parallel B19 antibody screening and
diagnostic PCR which greatly improves the sensitivity of detection of B19 infection
(Skjoldebrand-Sparre et al., 2000; Manaresi et al., 2002). However, caution must be
exercised with regard to the deployment of B19 PCR for a number of reasons: (1)
the high viral titres associated with B19 infection may cause cross-contamination of
samples and hence cause PCR false positivity. This is particularly problematic
when nested PCR is used for B19 detection. (2) Low levels of B19 DNA may
remain in the host long after infection thus, B19 DNA detection may not always be
indicative of an acute infection. B19 viral titres can reach greater than 1012 genome
equivalents per ml (ge/ml) (Prowse et al., 1997) during the stage of acute infection.
In healthy, immunocompetent individuals viral DNA is detectable for at least 1
month postinfection (Erdman et al., 1991) but has also been shown to persist at low
levels for long periods (Cassinotti et al., 1993; Kerr et al., 1995b; Musiani et al.,
1995; Cassinotti and Siegl, 2000). In cases of chronic B19 infection, viral DNA
can persist in the host without the presence of B19-specific IgM or IgG (Kurtzman
et al., 1988; Frickhofen et al., 1990). Thus, B19 DNA detected by qualitative PCR
analysis is not always indicative of recent infection. In fact, quantitative PCR
was used by Cassinotti and Siegl (2000) to determine the amount of B19 viral
DNA in an immunocompetent patient from the time of acute B19 infection until
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convalescence. Over a 1-year period a series of blood samples were taken and
analysed using a real-time PCR analysis. The B19 viral titre reached levels of
8.8� 109 ge/ml of blood during the viremic stage of infection. At this point the
patient was positive for B19-specific IgM but had no evidence of IgG reactivity. By
week 164 the viral load had declined to 95 ge/ml, IgM reactivity was lost and IgG
reactivity against B19 capsid proteins was strong. Subsequent specimens taken had
no detectable B19 DNA. Thus, while the actual amount of circulating B19 DNA
present following B19 infection diminished dramatically after the first few weeks of
infection, it persisted for some time before being cleared from the host despite the
development of circulating B19 IgG. This slow rate of B19 DNA clearance from an
immunocompetent host could have a negative impact on PCR as a diagnostic tool
in differentiating between recent and chronic B19 infection in a situation where a
qualitative PCR assay, of unspecified sensitivity of detection is employed. (3) Many
PCR assays are developed in-house and employ primer pairs of undefined sensi-
tivity of detection. (4) Many extraction methods are suitable for DNA purification
from serum or plasma only and not from solid tissue (e.g. placenta or foetal tissue).
(5) Finally , false negativity may be observed with respect to non-B19 strains (e.g.
erythrovirus V9, K71 or A6) due to minor sequence differences (Hokynar et al.,
2002; Nguyen et al., 2002; [Servant et al., 2002). An in-house nested PCR assay
capable of accurately detecting V9 and B19 DNA simultaneously has been devel-
oped (Heegaard et al., 2001), which comprises of a primary round of amplifi-
cation using a pair of consensus primers and a subsequent round of amplification
using separate primers for B19 and V9. Using this PCR assay, clinical samples,
including 100 B19 IgM-positive specimens and untreated plasma pools repre-
senting 100,000 blood donor units from the Danish population, were screened for
both V9 and B19 DNA. None of the specimens analysed were positive for V9
DNA, which may be due to the fact that this V9 erythrovirus isolate is an emerging
virus and may actually be more divergent than previously thought (Heegaard et al.,
2001).

PCR analysis has also revealed another B19 viral genotype, K71, which
persists in human skin and has a nucleotide divergence of 10.8% from B19 and
8.6% from V9 (Hokynar et al., 2002). Many of the aforementioned issues as-
sociated with ‘home-brew’ PCR tests to detect the parvovirus B19 in clinical
specimens can be overcome with the use of commercially available test sys-
tems. Analysis of two commercially available validated quantitative B19 PCR sys-
tems, the LightCycler-Parvovirus B19 quantification kit (Roche Diagnostics; http://
www.roche-diagnostics.com/) and the RealArt Parvo B19 LC PCR (Artus; http://
www.artus-biotech2.com) was performed by Hokynar et al. (2004) to examine their
ability to detect, quantify and also differentiate between genotypes. The study re-
vealed that although the Roche system was capable of detecting genotype 1 DNA at
high sensitivity, it proved unsuitable for genotype 2, and to some extent, genotype 3
DNA detection. Conversely, the quantitative PCR system manufactured by Artus
proved equally efficacious with respect to genotype detection, although again, high-
sensitivity genotype 3 DNA detection was somewhat problematic. Schneider et al.
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(2004) and Liefeldt et al. (2005) have also recently reported high-sensitivity strategies
for quantitative detection and differentiation of all three erythrovirus genotypes.

Notwithstanding these limitations, B19 PCR is an effective technique used to
detect B19 infection. In addition, with the introduction of the WHO International
Standard for Parvovirus B19 DNA (NIBSC 99/800), PCR assay standardisation
has become possible whereby B19 DNA units are quoted in International Units/ml
(IU/ml) (Saldanha et al., 2002). Using the WHO standard, a number of compatible
B19 PCR assay systems have been established (Daly et al., 2002; Müller et al., 2002;
Thomas et al., 2003) and, using real-time PCR technology, a sensitivity of detection
of 15.4 IU/ml (10 Baxter-Units/ml) was reached (Aberham et al., 2001).

Alternative detection methods

In cases of foetal infection and also in the immunocompromised host, when no
B19-specific antibodies are present, patient histology can be used to assist with the
confirmation of B19 infection in foetal tissue, whereby characteristic B19 inclusion
bodies can be visualised either by DNA hybridisation or by antigen-detection
techniques (van Elsacker-Niele, 1998). However, although these techniques are
specific, sensitivity of detection remains problematic (van Elsacker-Niele and
Kroes, 1999). Assays based on exploitation of the P antigen receptor of B19, known
as receptor-mediated hemagglutination (RHA), have been proposed as a cheap way
of screening plasma and apparently detect whole virus, however the assay sensi-
tivity is low when compared to PCR and, more importantly, it has not been as-
sessed in an obstetrics context (Cohen and Bates, 1995; Sato et al., 1995;
Wakamatsu et al., 1999). In cases where patients are treated with intravenous
immunoglobulin (IVIG) to treat chronic B19 infection, assessment of antigen-spe-
cific B cell memory allows one to discriminate IVIG- and individual-derived B19
IgG, which is important in determining the seroconversion status of the individual
(Corcoran et al., 2005a).

Elevated maternal serum alpha fetoprotein (MSAFP) levels have been asso-
ciated with foetal parvovirus B19 infection, probably due to damage to foetal liver
cells, thus MSAFP levels could potentially serve as an indirect indicator of foetal
infection (Carrington et al., 1987; Bernstein and Capeless, 1989). However, the
sensitivity of this test is unknown and as several cases have reported severe foetal
infection with normal levels of MSAFP (Saller et al., 1993; Johnson et al., 1994),
the association between elevated MSAFP levels and B19 foetal infection is weak
and, therefore, cannot be accepted as a reliable marker of infection.

The most reliable way to diagnose acute foetal infection is to detect B19 DNA
in amniotic fluid or foetal serum by PCR or viral particles by electron microscopy.
Clinical use of these tests however remains to be evaluated. Although B19 infection
can be diagnosed through PCR analysis of amniotic fluid obtained by am-
niocentesis, invasive diagnosis of infection is not required for all suspected/con-
firmed maternal infections. It must be noted that viral particles are only present
at the viremic stage and the method used to detect these, an EIA, is generally
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insensitive. The presence of B19 IgM in foetal blood cannot be depended on to
make a diagnosis of foetal infection as IgM appears in foetal circulation only after
22 gestational weeks (Rodis et al., 1988). Even beyond 22 weeks of foetal deve-
lopment IgM diagnosis can present misleading false-negative results (Pryde et al.,
1992).

Blood product safety and pregnancy

Currently, there is no strategy for the best management of foetal hydrops caused by
B19 infection during pregnancy but many cases are treated with intravascular
transfusion. In a survey of maternal–foetal medicine specialists involving 539 cases
of B19-induced hydrops, death occurred after intrauterine transfusion in 6% of
cases, and in 30% of cases without intrauterine transfusion (Rodis et al., 1998).
Treatment of B19 infection with transfused blood is not always effective and it is
imperative that one is cognisant of the potential presence of high titre B19 virus in
blood products (Prowse et al., 1997; Santagostino et al., 1997).

Screening of blood donations for the presence of B19 DNA is not routine
(Blumel et al., 2002) despite the fact that this virus is highly resilient and can
withstand denaturation even at high temperatures (Santagostino et al., 1994). In
fact, B19 is thought to withstand processes involving solvent–detergent treatment,
lyophilisation and temperatures of 100 1C for 30min, and despite these harsh
virucidal processes, still have the capacity to contaminate factor VIII and factor IX
concentrates (Santagostino et al., 1997). B19 contamination of such purified blood
products is particularly problematic as, in the absence of B19 IgG, the infectious
potential of B19 may be enhanced (Blumel et al., 2002). The most-recent deter-
mination of B19 prevalence is 1 in 837 blood donations (n ¼ 5025, range 7.1� 104

to 2.1� 1012 IU B19 DNA/ml) (Henriques et al., 2005) Previously, B19 levels had
been estimated to be present in 1:16,000 transfusions based on the average inci-
dence of B19 in a non-epidemic period (320 cases per 100,000 population) and the
fact that viraemia lasts about 7 days (Prowse et al., 1997). During epidemics the
incidence of viraemia in donations is greatly increased with levels reported as high
as 1:167 in Japan (Yoto et al., 1995).

The infectious level of parvovirus B19 in blood products has yet to be estab-
lished with certainty and is likely to depend on the amount of neutralising B19 IgG
co-present in the product, in addition to recipient immune status. As part of a phase
IV study, a group of 100 healthy volunteers, seronegative for B19, were given 1 unit
of plasma that had been solvent/detergent treated (Davenport et al., 2000). Of the
volunteers subsequently screened for incidences of B19 infection, 18% had sero-
converted over the subsequent 3 months. Three of the 10 batches of plasma used in
the study were retrospectively found to contain high levels of B19 (>107 ge/ml) and
these batches coincided with the plasma administered to the volunteers who
seroconverted. Interestingly, batches with low amounts of B19 (o104 ge/ml) did
not cause B19 seroconversion. Presently, plasma lots containing high levels of B19
are eliminated from manufacturing batches of plasma. Thus, there is a level of
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virus, as yet undetermined, that will not cause B19 infection. Notably, Daly et al.
(2002) undertook a retrospective study of similar plasma pools (n ¼ 30) to those
utilised in the study of Davenport et al. (2000) and found B19 IgG levels in the
range 64.7+17.5 IU/ml. Thus it is possible that this level of B19 IgG may be
capable of preventing recipient B19 infection when transfused with plasma con-
taminated with low levels of parvovirus B19 (o104 ge/ml). Blumel et al., 2002
however, identified two incidences of B19 transmission by separate lots of clotting
factor concentrates, one with 8.6� 106 ge/ml (volume: 180ml) and the other shown
to have 4� 103 ge/ml B19 DNA (volume: 966ml), which were responsible for se-
roconversion.

Despite the fact that B19 infection can be transmitted via contaminated blood
products, regulatory requirements relating to B19 contamination of pooled plasma
or blood products prior to product release have only recently been implemented.
The European Pharmacopoeia now stipulates that B19 DNA levels must be less
than 104 IU/ml in plasma pools destined for anti-D IgG manufacture (European
Pharmacopoeia, 2004). However, it should be acknowledged that many manufac-
turers now perform B19 PCR on plasma mini-pools to eliminate high B19 viral
load plasma (Aberham et al., 2001) and many blood banks supply this upon re-
quest under the designation ‘Parvo-safe blood’. PCR screening of blood products
has been shown to facilitate removal of 23 B19 PCR-positive donations from a
plasma pool of 6000 resulting in a 10–100-fold decrease in viral load (Prowse et al.,
1997).

Nonetheless, the issue of whether high-risk populations, such as pregnant
women, immunocompromised patients and people with chronic anaemia, should
undergo administration of any B19-containing products while the level of infec-
tious B19 DNA is unknown, and minipool screening is not mandatory, must be
addressed. The aforementioned availability of an international standard prepara-
tion of B19 DNA (Saldanha et al., 2002) in addition to a number of compatible and
quantitative B19 PCR detection systems (Aberham et al., 2001; Daly et al., 2002;
Knoll et al., 2002; Müller et al., 2002; Thomas et al., 2003), should alleviate prob-
lems caused by ambiguity between results from laboratories using various methods
of measuring and expressing B19 DNA levels and help determine the infectious
dose for parvovirus B19.

Treatment and vaccination

Parvovirus B19 infection is self-limiting in the immunocompetent host and, there-
fore, no specific therapy is required for such individuals. However, in cases where
individuals suffer from arthritic complications, symptoms can be treated with non-
steroidal anti-inflammatory drugs. The administration of high-titre IVIG has
proven successful in the treatment of patients with chronic infection but this is
expensive and remission may be temporary in the immunocompromised
host (Kurtzman et al., 1989b; Fukushige et al., 1995; Lui et al., 2001). In addi-
tion, IVIG treatment does not work in all cases and no data is available on the
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actual protective level of B19 IgG although levels greater than 6 IU/ml are thought
to be protective (Searle et al., 1997). For cases of foetal infection, intrauterine blood
transfusions may be beneficial especially in the case of hydrops but this procedure
does involve additional risks to the outcome of pregnancy (Berry et al., 1992;
Cameron et al., 1997; Bousquet et al., 2000; Enders et al., 2004).

If B19 infection occurs during pregnancy, the pregnancy should be allowed to
proceed but carefully monitored. In cases of mild hydrops or with evidence of res-
olution of hydrops, foetuses should be closely monitored by ultrasound to detect any
signs of hydrops, oedema, ascites and effusions (Morgan-Capner and Crowcroft,
2002). If hydrops worsens, a diagnostic cordocentesis and foetal blood trans-
fusion should be considered. Currently, primary management of hydropic foetuses is
cordocentesis to assess foetal haemoglobin and reticulocyte count, and intrauterine
transfusion, if necessary (Markenson et al., 1998). A reticulocyte count in a foetal
blood sample could provide evidence of bone marrow recovery. At present there is
no reliable way to predict prognosis for individual foetuses and termination of
pregnancy should not be recommended (Barrett et al., 1994). At delivery, exami-
nation of the cord blood for B19 IgM will reveal whether the virus has crossed the
placenta and infected the foetus. The child should be carefully followed up for
several weeks to check for any delayed sequelae.

The administration of high-titre IVIG has proven successful in treating foetal
hydrops in some cases (Selbing et al., 1995; Alger, 1997). Alternatively, clinical
symptoms of infection have been treated effectively by intrauterine blood trans-
fusions (Schwarz et al., 1988; Hansmann et al., 1989). A study by Wattré reported
two cases where intrauterine blood transfusions led to the cessation of symptoms
and to the birth of normal babies (Wattre et al., 1998). In a separate study, 38 cases
of B19-associated foetal hydrops were reported, 12 of whom received intrauterine
blood transfusion. Although three of these foetuses subsequently died, the prob-
ability of death among fetuses that did not receive a blood transfusion was sig-
nificantly higher (Fairley et al., 1995). In addition, spontaneous resolution of
hydrops without intervention has been reported thus suggesting that treatment is
not always necessary (Pryde et al., 1992).

Infection with B19 and rubella can be detrimental to the foetus if the mother is
infected during pregnancy. However, primary infection with rubella in the first
trimester of pregnancy is associated with a high risk of congenital abnormalities
(Gibbs and Sweet, 1994; Pastuszak, 1994) unlike B19 infection, which is most likely
to affect the foetus adversely during the second or third trimester (Tolfvenstam et
al., 2001a). As both infections present with similar symptoms, it is essential to
distinguish between the two infections to decide upon the appropriate course of
action.

The major finding that intrauterine foetal transfusion to treat severe foetal
hydrops was associated with 85% foetal survival and that no foetal survival was
apparent in the absence of intrauterine transfusion (Enders et al., 2004) is perhaps
the most compelling evidence that this therapeutic strategy should be given serious
consideration should B19 infection occur during pregnancy.
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As of 2005, there is no effective vaccine against B19 infection available for
either seronegative pregnant women or for immunosuppressed individuals. A pos-
sible candidate vaccine comprising baculovirus-expressed B19 empty virus-like
particles (VLP) is presently under evaluation which is the first B19 vaccine to reach
human trials and is sponsored by MedImmune, Inc (Gaithersburg, MD) (Bansal
et al., 1993). Ballou et al. (2003) have recently shown that the recombinant vaccine
(MEDI-491; Medimmune), comprises B19 VP1 and VP2 capsid proteins, could
elicit neutralising antibody titres in volunteer adults (n ¼ 24). Sera from immunised
individuals was also shown to be capable of inhibiting in vitro B19 replication. The
efficacy of this formulation to prevent infection with parvovirus B19 remains to be
established, nonetheless it is an encouraging and welcome advance in the fight
against this insidious pathogen.
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Molecular composition

Rubella virus (RV) is a member of the genus Rubivirus in the family of Togaviridae
(Porterfield et al., 1978). It is a spherical particle of about 60–70 nm in diameter.
The particle is enveloped with a single-stranded polyadenylated genomic RNA of
positive polarity composed of 9757 nucleotides in length, excluding the poly (A) tail
and has a very high G/C content of 69.5% (Dominguez et al., 1990). The virus is
encapsulated by a capsid protein (C) and is contained within a lipid bilayer en-
velope (E) in which the two virus-specific envelope proteins, E1 and E2 are em-
bedded (Ho-Terry etal., 1984; Oker-Blom, 1984; Waxham and Wolinsky, 1983).
The virus contains two forms of E2 (E2a and E2b) which differ in the structure of
their oligosaccharide side chain (Kalkkinen et al., 1984). The RV genomic RNA
encodes two long open-reading frames (ORFs), a 50-proximal ORF of 6656 nuc-
leotides that codes for the non-structural proteins that are involved in replication
and transcription, and a 30-proximal ORF of 3189 nucleotides which encodes the
structural protein (Dominguez et al.,1990). The virus non-structural protein ORF
contains two global amino acid motifs conserved in a large number of positive
polarity RNA viruses, a motif indicative of helicase activity, and a motif indicative
of replicase (RNA-dependent RNA polymerase) activity (Dominguez et al., 1990).
Also, a papain-like protease domain is found in the non-structural protein ORF
(Garbalenga et al., 1991).

Several investigators (Wolinsky et al., 1991) have localized domains in the mid
portion of the E1 glycoprotein that are critical for infectivity and hemagglutinating
functions of the virus (Garbalenga et al., 1991). A second neutralization domain
resides on the E2 glycoprotein.
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Rubella genotypes

Phylogenetic analysis of a collection of over 100 gene sequences from viruses iso-
lated from several countries between 1961 and 2000 verified the existence of at least
two main genotypes (Zheng et al., 2003): rubella genotype I (RGI) isolates from
Japan, and the Western Hemisphere, and rubella genotype II (RG II) which showed
greater genetic diversity than did RG I. RG II viruses are limited to Asia. Of
interest, is that RG I viruses also present in most of the countries where RG II
viruses are isolated (Zheng et al., 2003). Antigenically, RG I and II are cross re-
active and immunization with either virus results in immunity to all rubella viruses.

Clinical manifestations

The virus is transmitted from one individual to another through aerosols from the
naso-pharynx of infected individuals. The virus is shed in the naso-pharynx for
approximately 7 days before and after a rash is visible. Rubella is contagious from
7 days before to 5–7 days after the rash is visible. In most cases of rubella, symp-
toms appear within 12–23 days, and 20–50% of cases are asymptomatic. Besides
naso-pharynx droplets, the virus is also present in blood, feces, and urine during the
clinical illness (Edlich et al., 2005).

The incubation period is usually from 10 to 21 days, generally about 18 days
(Best and Bantavala, 1990; Haukenes et al., 1990). Communicability period starts
generally from the onset of catarrhal symptoms for at least 4 days, but not more
than 7 days.

Congenital rubella

Infection with RV during the first 12 weeks of pregnancy results in congenital
infection and/or miscarriage in 80–90% of cases (Edlich et al., 2005). This infection
is often associated with severe physical and mental defects of the developing fetus.
Rubella during pregnancy still occur at an estimated frequency of 1 case per
6000–10,000 life births in industrialized countries (Enders, 1994; Pustowoit and
Liebert, 1998). Transmission of RV during early pregnancy can lead to severe birth
defects known as congenital rubella syndrome or CRS (Cutts and Vynnycky, 1999).
The major manifestations seen in children with CRS are: central nervous system
involvement (Frey, 1997; Neto et al., 2004) that include three distinct neurological
syndromes (Frey, 1997), namely, post-infectious encephalitis after acute infection,
or a range of neurological manifestations after congenital infection, and an ex-
tremely rare neurodegenerative disorder that progresses to rubella panencephalitis
(Kuroda and Matsui, 1997), that can follow either congenital or post-natal infec-
tion (Frey, 1997).

Among other defects seen in children as a result of CRS are growth retarda-
tion (Gleghorn, 1989), ventriculitis (Cary et al., 1987), ophthalmic manifesta-
tions (Given et al., 1993), congenital hearing impairment (Rahman et al., 2002),
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hyperthyroidism and diabetes mellitus (Floret et al., 1980).These defects seen in
children may be manifested singly or in multiple form.They also may be transient,
progressive, or permanent (Kalvenes et al., 1995).

Diagnosis

Hemagglutination inhibition (HAI) was the first serological assay to be used in
clinical laboratories and remained for some time the standard against which many
of the newer assays were compared (Dille et al., 2005). The HAI assay is no longer
required when screening for protective maternal immunity. During the last 15 years,
the HAI assay has been replaced entirely by more sensitive, specific, and technically
less demanding enzyme-linked immunosorbent assay (ELISA) and microparticle
enzyme immunoassay (MEIA) (Abbott et al., 1990).

Serodiagnosis of primary rubella infection

The appearance of antibodies of different classes as a response to rubella infection
was reported by several investigators (Kalimo et al., 1976; Meurman et al., 1977;
Meurman and Ziola, 1978). The first antibodies appearing after infection are IgM
class, and these are eventually replaced by IgG class antibodies which persist as
markers of immunity. The determination of antibody class can serve to distinguish
current infection (primary IgM immune response) from long-term acquired im-
munity (IgG).

Solid-phase radioimmunoassay (Kalimo et al., 1976; Meurman et al., 1977)
were the first assays to replace complement fixation, immunofluorescence and
counter-immune electrophoresis (CIE) for the detection of antibodies to RV be-
cause they were more sensitive and less cumbersome. Radioimmunoassays in turn
were replaced by ELISA. Many direct and indirect ELISA for the detection of
antibodies to RV have been reported in the literature (Voller and Bidwell, 1975,
1976; Gravell et al., 1977; Matter et al., 1994; Hudson and Morgan-Capner, 1996;
Tipples et al., 2004).

Several commercial kits for the detection of rubella IgM antibodies have been
compared (Matter et al., 1994; Hudson and Morgan-Capner, 1996; Tipples et al.,
2004). One of the most reliable and reproducible ELISA for the detection of anti-
Rubella IgM is an anti-u capture assay as illustrated by the following three steps
(Mushahwar and Overby, 1983):

I SP-Abu+IgM-SP-Abu.IgM
II SP-Abu.IgM+RV-SP-Abu.IgM.RV
III SP-Abu.IgM.RV+*AbRV-SP.Abu.IgM.RV.*AbRV

Where, SP-Abu is a solid-phase surface coated with u chain-specific goat anti-
human antibody. In step I, if anti-RV IgM is present in a patient’s serum it will be
bound by the u chain-specific solid-phase antibody. In step II, RV will be attached
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to it to form the complex SP-Abu.IgMRV. This complex is then detected in step III
by incubation with probe antibody, *AbRV, an enzyme-linked human anti-RV
IgG. The resulting absorbancy of the multiple-layer product SP-Abu.IgMR-
V.*AbRV is in proportion to anti-RV IgM concentration in the patient’s serum.
This test was shown to be highly reproducible and sensitive.

These assays for IgM and IgG employing anti-human u and anti-human
gamma globulins have some problems with specificity. Unless the anti-u and -
gamma immunoglobulins are of exceptional purity and specificity, cross reactions
prevent a clear distinction of IgM and IgG in pathologic serum. An exceptionally
high titer of IgG, for example could give significant cross reactions with other anti-
u reagent. Second, false-positive reactions have been observed (Meurman and
Ziola, 1978; Mushahwar and Overby, 1983) when analyzing for IgM in elevated
rheumatoid factor (RF) positive sera. RF is an antibody primarily of the IgM class
that reacts with the Fc portion of bound IgG. It is found in a high percentage
of persons with rheumatoid arthritis and related connective tissues and is also
found in varying degrees in people with sub-acute bacterial endocarditis, chronic
liver disease, parasitic infections, and tuberculosis as well as during pregnancy
and among apparently normal healthy persons, particularly neonates and the
elderly (Meurman, 1983; Fuccillo et al., 1992). Transient appearance of RF has
been associated with acute parvovirus B19, measles virus, rubella virus, and
cytomegalovirus infections and also, following prophylactic vaccination (Erdman,
2000).

The false-positive results that have been described already can be eliminated by
absorption of the serum to be analyzed with aggregated gamma globulin or with
anti-human IgG or by using labeled F(ab0) fragments as detector antibody, thereby
eliminating the Fc portion of the IgG molecule that binds RF (Mushahwar and
Overby, 1983; Erdman, 2000).

Besides the problems with high-titered IgG and RF false positivity, IgM assays
for a variety of viruses in general and for RV in particular have other disadvan-
tages, such as persistence for over 4 months, and it may remain detectable for much
longer intervals in a majority of patients (Pattison et al., 1975; Thomas et al., 1992;
Matter et al., 1994), and also after apparent rubella reinfection and vaccination
(Morgan-Capher et al., 1983). These types of problems can occur in both direct and
indirect IgM assays (Erdman, 2000).

Because of the persistence of RV IgM antibodies over a long period of time, it is
sometimes very difficult to differentiate between a recent (acute) and remote in-
fection utilizing commercially available IgM immunoassays. It has been reported
several years ago (Inouye et al., 1984; Lehtonen et al., 1989) that the avidity of
specific IgG antibody is low in primary acute viral infections and it increases with
time. Thus, the IgG avidity index may be useful in distinguishing acute from pre-
existing immunity, including RV reinfection (Hedman and Rousseau, 1989).

The avidity index is calculated by measuring absorbencies in the presence or
absence of protein denaturing agents, such as diethylamine, guanidine, thiocyanate,
SDS, or urea. The avidity index is calculated by dividing the absorbancy value with
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denaturing agent by the absorbancy value without denaturing agent. Avidity in-
dices of 0.50 or less are considered low.

By use of RV-specific IgG avidity index assay together with a specific IgM
positive samples from patients with clinical symptoms of a RV infection (rash),
the diagnosis of infection with RV in early pregnancy has been improved signifi-
cantly. The avidity assay for such patients is a reliable assay for the exclusion of a
recently acquired infection with RV (less than 4 months) in pregnant women (Hed-
man and Sappala, 1988; Enders and Knotek, 1989; Hedman and Rousseau, 1989).

Two main problems of RV avidity test however, are (1) low-avidity indices may
persist for a long time just as RV IgM antibodies (Meurman, 1978; Thomas et al.,
1992; Thomas et al., 1993), and in some cases it has been reported of persistence
over 6.5 months (Thomas et al., 1992), and (2) at present there is no gold standard
avidity assay that is available commercially. Standardizations of these assays are of
critical importance.

Based on these observations, it is obvious that at present, there is not a single
immunoassay that is sufficiently reliable by itself to diagnose a recently acquired
(acute) RV infection although it is generally agreed that the appearance of virus-
specific IgG in serum of pregnant women who were previously seronegative is one
of the best tests to diagnose a primary RV infection. This, however, is hard to
achieve and implement since rubella IgG testing is not performed routinely, which
is the case in most industrialized countries.

In order to diagnose a primary RV infection in pregnant women without clinical
symptoms, a battery of tests are required. These tests are an anti-rubella IgM test, a
quantitative RV anti-rubella IgG test, an IgG avidity test, an immunoplot anti-
rubella E2-specific test (under non-reducing conditions), and in cases of fetal expo-
sure to RV, a reverse transcriptase-polymerase chain reaction (RT-PCR) test. Pus-
towoit and Liebert (1998) proposed a practical algorithm for the use of these tests
through a rational stepwise serological diagnosis of RV infection during pregnancy.
Based on their evaluation of 798 serum samples from 499 patients either without
clinical signs of RV infection or after vaccination, their findings were as follows:

(1) Acute RV infection:
� Rubella IgG less than 10–25 IU/ml
� Positive Rubella IgM test
� Low index RV IgG avidity test
� Negative RV E2-specific antibody test

(2) Immunity to RV following vaccination or infection:
� Rubella IgG more than25 IU/ml
� High index RV IgG avidity test
� Positive RV E2-specific antibody test

(3) Reinfection with RV:
� Positive rubella IgM test
� High index RV IgG avidity test
� Positive RV E2-specific antibody test
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It is obvious from these findings that a positive RV E2-specific antibody test
and a high index RV IgG avidity test are of a tremendous help in confirming a
remote (past) infection with RV. In general, antibody to RV-E2 specific test is
detectable only after 12 weeks post-RV infection (Pustowoit and Liebert, 1998),
hence its usefulness for the exclusion of a recent acute RV infection. Unfortunately,
RV E2 protein is not available commercially. Methods to prepare this protein have
been described (Kalkkinen et al., 1984; Yang et al., 1998).

Serodiagnosis of congenital rubella syndrome

In comparison to maternal IgG, maternal IgM antibody induced by a primary
rubella infection does not cross the intact plasma. The infected fetus develops IgM
antibody to the virus and detection of that antibody in the neonate aids in the
diagnosis of CRS. A sample should be drawn from the neonate as soon as possible
following parturition. Comparison of IgG antibody in the neonate at the time of
birth with the IgG antibody 6 months later also aids in the diagnosis of CRS. A
significant drop in over that time interval suggests decreasing maternal antibody in
the absence of perinatal or pre-natal infection. Pre- or perinatal infection should be
suspected if stable or increasing IgG antibody levels are detected (Dille et al., 2005).
Also a positive RT-PCR result in amniocentesis during the 12th until 22nd week of
pregnancy indicates a fetal exposure with RV (Bosma et al., 1995) as does the
detection of RV-specific IgM antibody after the 22nd week of gestation in fetal
blood obtained by cordocentesis (Pustowoit and Liebert, 1998).

Immune status

Objective results are generally obtained using IgG-specific ELISA or MEIA assays.
In order to avoid dependence on cumbersome HAI, all specific IgG anti-rubella
assays are standardized using World Health Organization (WHO) reference prep-
arations of rubella antiserum The comparison of the rubella IgG ELISA tests with
the HAI assay (Pustowoit and Liebert, 1998) showed that HAI titerso1:32 cor-
related with IgG values below 25 IU/ml. Values greater than 25 IU/ml are sufficient
to protect an individual from clinical reinfection. Values less than 10 IU/ml are
considered non-protective and may not prevent clinical rubella after exposure. Sera
with titers between 10 and 25 IU/ml are considered intermediate and of question-
able protective ability (Pustowoit and Liebert, 1998).

RT-PCR

Several RT-PCR assays for the detection of RV RNA have been described in the
literature (Bosma et al., 1995; Revello et al., 1997; Katow, 1998; Steininger et al.,
2001; Vyse and Jin, 2002; Mace et al., 2004; Cooray et al., 2006) and so far no RT-
PCR assays for RV RNA are available commercially. The best-biological samples for
RV RT-PCR analysis are blood, naso-pharyngeal aspirates, throat swabs, urine and
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three types of fetal tissue, namely chorionic villi, amniotic fluid, and umbilical cord
blood. Primer pairs for RV RT-PCR are derived either from a variable region of the
E1 gene (Vyse and Jin, 2002; Cooray et al., 2006) or from the highly 50-non-coding
region (Steininger et al., 2001). Caution however, should be taken when selecting
primer pairs from this region of the genome because of the close homology between
RV and enterovirus genomes. The sequence of the primers chosen by Steininger et al.
(2001) for RT and the first step of the PCR, amplifying a fragment of 106 base pairs,
was as follows: cDNA, 50-CCC CTG AAT G(CT)G GCT AAC CT-30; reverse, 50-
CGG ACA CCC AAA GTA GT(CT) GGT CC-30. For nested PCR, primers am-
plifying a fragment of 93 base pairs were used: cDNA, 50-GAA TG(CT) GGC TAA
CCT TAA (AC)CC-30; reverse, 50-CAA AGT AGT (CT)GG TCC C(AG)T CC-30.

By utilizing these sequences, Steininger et al. (2001) developed a sensitive, rapid
and an RV-specific nested RT-PCR assay and used it to test naso-pharyngeal
aspirates from 556 patients presenting with acute respiratory tract infections. RV
RNA was detected by nested PCR in all 52 samples that were RV positive by virus
isolation methods, but also in 124 of 367 samples that were negative by virus
isolation methods and ELISA. The utilization of primers from the E1 gene for the
detection of RV RNA from pharyngeal swabs by Bosma et al. (1995) showed 100%
agreement with virus isolation.

A reverse transcription nested PCR assay was also developed (Cooray et al.,
2006) and evaluated for the detection of RV RNA directly from clinical specimens.
This RT-PCR utilized primers that amplified 592 nucleotides of a variable region
within the E1 gene. RV RNA was detected in pre- and post-natal congenital rubella
samples and samples from patients with acute rubella.

Successful detection of RV RNA from amniotic fluid has been reported by
three groups of investigators (Revello et al., 1997; Katow, 1998; Steininger et al.,
2001). All assays showed 100% sensitivity and specificity for pre-natal diagnosis of
RV infection.

Rubella vaccine

It is well known that in order to reduce the number of patients with German measles
or with CRS, immunization is the most effective strategy that any department or
ministry of health, of any country should adopt. Several strains of live-attenuated
rubella vaccines have been developed and introduced into immunization programs
in many industrialized countries (Katow, 2004). The WHO has recognized that a
reliable immunization program can be combined with the measles immunization
program. Inclusion of rubella in the expanded program of immunization of measles
would be ideal in many Asian, African, andMiddle Eastern countries, as it would be
efficient and cost effective to administer one injection containing a three-combined
vaccine. This has been discussed in detail by Katow (2004).

Rubella vaccine was licensed first in the United States in 1969. About 95% of
those who receive the rubella vaccine develop protective immunity. To date, vaccine
protection lasts life long for most persons. Most of the currently licensed vaccines use
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live-attenuated RA 27/9 strain of RV propogated in human diploid cells. One dose is
given by either the intramuscular or subcutaneous route. Generally, no booster is
required. The vaccine RA 27/9 is highly efficacious. In clinical trials, 95–100% of
susceptible persons aged 12 months and older developed protective rubella antibodies
by 21–28 days after vaccination (see Rubella Vaccines: World Health Organization
position paper, 2000). According to the United States Center for Disease Control and
Prevention (CDC), the following individuals should get the rubella vaccine:

� Adults born in 1957 or later, who do not have a medical contraindication should
receive the vaccine.

� College and university students, healthcare personnel, non-pregnant women of
childbearing age, childcare workers such as teachers and day care personnel, and
international travelers.

A report summarizing the history and accomplishments of the rubella vacci-
nation program in the United States and the Western Hemisphere and the chal-
lenges posed by rubella for the future has been published (CDC, 2005):

In October 2004, CDC convened an independent panel of internationally rec-

ognized authorities on public health, infectious disease, and immunization to

assess progress toward elimination of rubella and CRS in the United States, a

national health objective for 2010. Since rubella vaccine licensure in 1969, sub-

stantial declines in rubella and CRS have occurred, and the absence of endemic-

transmission in the United States is supported by recent data: (1) fewer than 26

reported rubella cases each year since 2001, (2) at least 95% vaccination cov-

erage among school-aged children, (3) estimated 91% population immunity, (4)

adequate surveillance to detect rubella outbreaks, and (5) a pattern of virus

genotypes consistent with virus originating in other parts of the world. Given

the available data, panel members concluded unanimously that rubella is no

longer endemic in the United States

In summary, a safe, effective rubella vaccine is available, and there are proven
vaccination strategies for preventing rubella and CRS. At present, a total of 124 of
214 countries (58%) are implementing rubella vaccination (Robertson et al., 2004).
Rubella vaccine use varies by the stage of economic development: 100% for in-
dustrialized countries, 71% for countries with economics in transition, and 48% for
developing countries (Robertson et al., 2004). Ministries of Health of developing
countries with some help from the WHO should encourage the introduction of
rubella vaccine and its universal use by their governments and emphasize that the
introduction of rubella vaccine in the long run is cost-effective and cost-beneficial.
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Consejo Nacional de Ciencia y Tecnologı́a (CONICET), Vuelta de Obligado 2490,
Buenos Aires, 1428, Argentina

Abstract

Chagas disease, a antropozoonosis caused by the protozoan Trypanosoma cruzi, is
one of the main parasitic diseases to threaten public health in the world. More than
any other parasitic disease, Chagas disease is closely related to social and economic
development. T. cruzi infection may be acquired through the triatomid insect vec-
tor, blood transfusion, and the transplacental route causing congenital Chagas
disease. The success in the control of vector-transmitted Chagas’disease and
screening programs in blood banks has uncovered the public health relevance of
congenital transmission, which has been gradually emerging in vector-free subur-
ban areas and non-endemic cities, contributing to the urbanization of the infection.
It has been estimated that congenital transmission is responsible for 8000–16,000
annual cases in the endemic countries of America. It is a consensus that congenital
Chagas disease will be a pressing public health concern until the pool of infected
women of childbearing age decreases to insignificant levels, which may happen only
30 years onwards, at least in the Southern Cone countries.
Congenital transmission may occur at any time of pregnancy, in successive gesta-
tions and may affect twins. The infection may produce pathology in the growing
foetus. The consequences on the newborn are variable, ranging from asymptomatic
to severe clinical manifestations. The prevalence of T. cruzi infection in women of
childbearing age, congenital transmission rates, clinical forms of disease, and mor-
tality vary largely according to the geographical areas under study. Host condi-
tions, such as the immunological, genetic, and nutritional status of the mothers,
age, obstetrical history, and maternal stage of the disease, as well as parasite strains,
histotropism and maternal parasitaemia may account as risk factors for pregnancy
outcome and incidence of congenital Chagas disease. Congenital transmission
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cannot be prevented, but early diagnosis of the newborn enables prompt treat-
ment, achieving cure rates close to 100% and thus avoiding progression to chronic
Chagas disease.
In this chapter, epidemiological, clinical, and inmunological aspects as well as
mechanisms of transmission, host and parasitic risk factors are described and dis-
cussed. Finally, consensus recommendations of strategies for diagnosis and treat-
ment of congenital Chagas disease are presented in detail.

Background on Trypanosoma cruzi infection and Chagas disease

Introduction

Chagas disease, an antropozoonosis caused by the protozoan Trypanosoma cruzi, is
one of the main parasitic diseases to threaten worldwide public health (WHO,
2002). It affects approximately 20 million persons; other 90 millions are at risk of
acquiring the infection, and 1 million new cases and more than 45,000 deaths are
recorded annually primarily in Central and South America (Schmuñis, 1999;
WHO, 2002). Chagas’ disease contributes an annual losss of approximately
2,740,000 disability-adjusted life years, four times the overall burden of malaria,
schistosomiasis, leprosy, and leishmaniasis in the Continent (Schmuñis, 1999). The
economic loss due to early deaths and disabilities caused by Chagas disease in the
productive human population has been estimated to be 8,156,000 US dollars, which
corresponds to the 2.5% of the external debt of America in 1995 (WHO, 2002).

The disease was named after the Brazilian physician and infectologist Carlos
Justiniano Ribeiro das Chagas, who first described it in 1909 (Chagas, 1909).
Chagas discovered that the intestines of Triatomidae harboured a flagellate pro-
tozoan, a new species of the Trypanosoma genus, named Schizotrypanum cruzi

(later renamed to T. cruzi), after Oswaldo Cruz, the distinguished Brazilian phy-
sician and epidemiologist. Chagas was able to prove experimentally that the in-
fection could be transmitted into marmoset monkeys, which were bitten by the
infected bug. Chagas’ work is unique in the history of medicine, because he was the
only researcher so far to discover the pathogen in the vector, before describing
the epidemiological and clinical features of the human disease. Later on, in 1926,
the Argentinean physician Salvador Mazza, corroborated Dr Chagas’ findings re-
vealing that the disease was endemic in the Americas.

It was speculated that Charles Darwin might have suffered from Chagas dis-
ease as a result of a bite of a triatomine bug. The episode was reported by him in his
diaries of the Voyage of the Beagle as occurring in March 1835 near Mendoza
in Argentina. In 1837, almost a year after he returned to England, he began to
suffer intermittently from strange symptoms that incapacitated him for much of the
rest of his life. Attempts to test Darwin’s remains at the Westminster Abbey by
using Polymerase Chain Reaction (PCR) techniques were rejected by the Abbey’s
curator.
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The parasite is transmitted to humans mostly by domiciliated hematophagous
insects of the subfamily Triatominae (Family Reduviidae). Once T. cruzi enters the
body, the infection passes through two successive stages: an acute and a chronic
phase. The acute phase may last between six and eight weeks. Once this subsides,
most infected patients appear without clinical signs and symptoms of disease. This
form is known as the indeterminate phase, which is life-long in most patients.
However, several years after the chronic phase is ensued, 10–40% of infected in-
dividuals, depending on the geographical area, will develop irreversible lesions in
the heart, oesophagus, colon, and the nervous system. This symptomatic chronic
phase lasts for the rest of the life of the infected individual (WHO, 2002).

More than any other parasitic disease, Chagas disease is closely linked to social
and economic under-development: poor living conditions, limited access to health
care and poor housing of rural endemic areas or on the outskirts of urban centres. A
determining factor is the abundance of domestic animals, livestock enclosures, clay-
walled vegetable plots, chicken runs and wood-burning stoves. However, the epide-
miological picture of Chagas disease has changed over the last decades; it is no longer
restricted to rural areas of endemicity, as migration to urban centres has opened up
new modes of transmission, mainly via blood transfusion and congenitally.

Trypanosoma cruzi

Taxonomy, developmental stages and life cycle

T. cruzi belongs to the Kinetoplastida order and the Trypanosomatidae family. It is
classified into a special section, designated Stercoraria, because it is the only human
trypanosome to be transmitted by the faeces of its invertebrate vector. This pro-
tozoan is widespread in the Americas, from the Great Lakes of the United States of
America to the southern Patagonia of Argentina (approximately 421N–461S).

Four main evolutive forms can be identified during the parasite life cycle:
(1) The trypomastigote is the infective flagellate form of the parasite, which is found
in (a) the bloodstream of the mammalian host, known as blood trypomastigote and
(b) in the terminal portion of the digestive and urinary tracts of the vectors, named
as metacyclic trypomastigote; (2) The epimastigote is the replicative form of the
parasite in the reduviid bug as well as in the acellular culture medium; (3) The
amastigote is the intracellular replicative form of the parasite in the vertebrate host;
(4) The spheromastigote is the non-replicative form found in the stomach of the
vector.

T. cruzi amastigotes are transmitted from the redivuiid bug to the mammalian
host via the vector faeces after a bug bite and can invade several types of
host cells, where they differentiate into aflagellate amastigotes. The amastigotes
develop into non-dividing extracellular trypomastigotes, which can initiate another
round of host cell infection or infect a reduviid vector during feeding and differ-
entiate into epismastigotes. A schematic view of the T. cruzi life cycle can be
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obtained at http://www.dpd.cdc.gov/dpdx/HTML/ TrypanosomiasisAmeri-
can.htm or at http://www.who.int/tdr/diseases/chagas/lifecycle.htm.

Populational genetic structure of T. cruzi

T. cruzi is a paradigmatic case of predominantly clonal evolution (Tibayrenc et al.,
1986) with ‘‘unequivocal evidence of genetic recombination’’, recently demon-
strated in the laboratory (Gaunt et al., 2003). Long-term clonal evolution together
with episodes of genetic exchange led to the individualization of six lineages,
designated as T. cruzi I, T. cruzi IIa, T. cruzi IIb, T. cruzi IIc, T. cruzi IId and
T. cruzi IIe, which include all typed strains and cloned stocks thus far isolated
(Brisse et al., 2003; Tibayrenc, 2003). On the basis of sequence analysis from nu-
clear and mitochondrial genes, it has been estimated that the major extant lineages
of T. cruzi have diverged during the Miocene or early Pliocene (3–16 million years
ago) (Machado and Ayala, 2001; Brisse et al., 2003). It has been proposed that
ancestral T. cruzi I and T. cruzi IIb strains gave rise to a heterozygous hybrid that
homogenized its genome to become the homozygous progenitor of lineages T. cruzi
IIa and T. cruzi IIc; a second hybridization event between T. cruzi IIb and T. cruzi

IIc strains generated T. cruzi lineages IId and IIe (Westenberger et al., 2005). This
ability for genetic exchange is relevant concerning the potential spreading of path-
ogenic strains and drug-resistant genotypes.

T. cruzi lineages appear to be distributed differentially among triatomine and
host species and habitats in different geographical areas (Higo et al., 2004; Yeo
et al., 2005). Although all T. cruzi populations cause the human disease, epide-
miological studies suggest that T. cruzi IIb, IId and IIe are more related to ant-
hroponotic environments and chronic Chagas disease patients, T. cruzi lineages IIa
and IIc to sylvatic environments, and T. cruzi lineage I to both (Yeo et al., 2005).
These host and geographic specificities are associated with different biological
properties, such as growth rate, histotropism, antigenicity, pathogenicity, infectiv-
ity of potential insect vectors, drug susceptibility, chromosome number and DNA
content, which are likely to represent key determinants in transmission and patho-
genesis of Chagas disease (Macedo and Pena, 1998; Macedo et al., 2004). The
identification of lineages, natural isolates and strains of T. cruzi has been estab-
lished by a plethora of biochemical and molecular markers from parasite isolates
(Brisse et al., 2000; Tibayrenc, 2003; Macedo et al., 2004), and more recently,
directly from clinical and vector specimens (Freitas et al., 2005; Burgos et al., 2005;
Burgos, 2006; Marcet et al., 2006).

In 1994, the Strategic Research Branch of the Special Programme for Research
and Training in Tropical Diseases (TDR) of the World Health Organization
(WHO) founded the T. cruzi Genome Network. The characterization of the gene
content and genome architecture of T. cruzi, as well as a whole-organism proteomic
analysis of its four life cycle stages has been recently achieved (El-Sayed et al.,
2005). Based on the assembly of a whole genome shotgun, the parasite diploid
genome size has been estimated to range between 106.4 and 110.7M bp and it has
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been predicted to contain 23,022 protein coding genes of which 12,574 represent
allelic pairs and 704 RNA genes. More than 50% is conformed by repetitive se-
quences. A proteome of about 6200 genes organized in large polycistronic gene
clusters has been identified (El-Sayed et al., 2005). Peptides mapping to 2784 pro-
teins in 1168 protein groups from the annotated genome have been identified across
the four life cycle stages. Protein products have been identified from more than
1000 genes annotated as ‘‘hypothetical’’ in the sequenced genome (Atwood et al.,
2005). Future comparative genomics of different strains may identify genes asso-
ciated with pathogenecity and lead to prognostic markers. This source of genomic
and proteomic data constitutes a powerful tool to design novel strategies for
diagnosis, epidemiological control and management of the infection, as well as for
development of vaccines and identification of new drug targets for innovative
aetiological therapies.

Modes of transmission of human T. cruzi infection

Transmission by vectors

The main epidemiological way of infection occurs through infected triato-
mine bugs, when they puncture the skin to feed on blood and simultaneously
eject their faeces or urine containing metacyclic trypomastigotes. The parasites
make contact with the mucous membrane of eyes, nose, mouth or injured skin of
the mammalian host (Dias, 1979). Direct skin penetration seems more difficult and
generally the itching caused by the bite leads to scratching, allowing the parasites to
enter the circulation through the microlesions thus created. Alternatively, during
scratching, parasites can also be transferred to the conjunctiva, leading to the
Romaña sign (Romaña, 1935), which is typical of 20–50% of acute vectorial cases.
Most cases of Chagas disease can be attributed to the principal domiciliated insect
species, namely Panstrongylus megistus, Rhodnius prolixus, Triatoma brasiliensis,
T. dimidiata and T. infestans (WHO, 2002).

Transfusional transmission

Transfusion of infected blood, containing trypomastigotes, is responsible for
5–20% of the human cases of Chagas disease (Schmuñis, 1999). The migratory
movements in Latin America during the past decades, from rural endemic areas to
non-endemic centres and countries have changed the traditional epidemiological
picture of Chagas disease transmission (WHO, 2002). A Southern Cone Initiative
(Schofield and Dias, 1999) has promoted the interruption of vectorial and trans-
fusional Chagas disease in Uruguay since 1997, in Chile since 1999, in central and
southern Brazil since 2001, in four endemic provinces of Argentina since 2002, and
in one department of Paraguay since 2003. This succesful initiative has spawned an
Andean Pact control programme, a Central America Control programme and a
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surveillance programme to protect the Amazon basin from incursion by domestic
vectors (WHO, 2002).

Oral transmission

Oral transmission of Chagas disease has been recorded in many microepidemics of
acute Chagas disease in Brazil, Colombia and Mexico, after ingestion of food
contaminated with infected triatomines or their dejections (Shikanai-Yasuda et al.,
1991; WHO, 2002).

Transmission from donor organ transplantation to uninfected recipients

Kidney, heart, bone marrow, pancreas and liver transplantation, from both dead
and live donors are the causes of T. cruzi transmissions (WHO, 2002).

Sexual transmission

The presence of T. cruzi in menstrual blood of chronic Chagas disease women as
well as in the genitalia of patients with AIDS implies the possibility of transmission
through sexual intercourse (Concetti et al., 2000; Rocha et al., 1994).

Accidental transmission

Accidental transmission of human Chagas disease has been reported in many
situations, in laboratories, hospitals and research laboratories handling different
sources of contaminated materials, namely triatomine dejections, parasite cultures
and infected blood of human and animals. All personnel manipulating T. cruzi-
infected biological samples or triatomines must follow safety precautions for lab-
oratory work (WHO, 2002).

Congenital transmission

Congenital transmission of T. cruzi infection, leading to congenital Chagas disease
(CCD) can be suspected in any child born to a T. cruzi-infected pregnant woman,
regardless of her stage of T. cruzi infection. The parasite may be transmitted into
some or all siblings of successive gestations (Bittencourt et al., 1992; Freilij and
Altcheh, 1995; Russomando et al., 1998; Torrico et al., 2004) and may also affect
twins (Hoff et al., 1978). Moreover, CCD of second generation has been recorded
in non-endemic areas (Schenone et al., 1987; Freilij et al., 1994; Sanchez Negrette
et al., 2005).

Epidemiological, clinical and inmunological aspects, mechanisms of transmis-
sion and risk factors, strategies of diagnosis and treatment of CCD are presented in
the following section.
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Congenital T. cruzi infection

Epidemiological aspects

The first documentation of CCD in humans was raised by Carlos Chagas in 1911,
with the follow-up of two newborns with convulsive episodes who died after six and
eight days of life, respectively, revealing parasites in their necropsies (Chagas,
1911). Four decades later, Dao (1949) described a T. cruzi infection in a newborn
from Venezuela. Jörg (1953) published the first record of CCD in Argentina,
Howard (1957) in Chile and Rezende (1959) and Bittencourt (1960) in Brazil
(Freilij et al., 1994). All these records were based on severe clinical manifestations.
In the 1970s, histopathological studies by Bittencourt and coworkers (1972), dem-
onstrated the presence of T. cruzi in necropsies from foetuses and stillbirths. How-
ever, prospective studies of siblings born to seropositive women have revealed that
most CCD cases were asymptomatic.

CCD has also been reported in Bolivia, Colombia, Guatemala, Honduras,
Paraguay, Uruguay and recently in Mexico (Guzman-Bracho et al., 1998). In ad-
dition, it has also been diagnosed in descendants from infected immigrant women
born in non-endemic American and European countries (Woody and Woody,
1955; Pehrson et al., 1981; congenital infection with T. cruzi: from mechanisms of
transmission to strategies for diagnosis and control. Rev Soc Bras Med Trop
Nov–Dec, 2003; 36(6): 767–771).

The prevalence of Chagas disease in pregnant women of urban and rural areas
of Latin America oscilates between 4 and 52% (WHO, 2002). In recent years, the
success in the control of vector-transmitted Chagas’ disease and screening pro-
grams in blood banks has reduced the prevalence of infected pregnant women,
most of which were infected by the vectorial route. Most pregnant women infected
with T. cruzi do not show signs and symptoms of Chagas disease. The lack of
electrocardiographic and clinical signs in women of reproductive age is likely due to
the fact that the onset of cardiac manifestations of chronic Chagas disease occurs
more frequently at older ages.

It is a consensus that CCD will be a pressing public health concern until the pool
of infected women of childbearing age decreases to insignificant levels, which may
happen only 30 years onwards, at least in the Southern Cone countries (WHO, 2002).

The transmission rates of CCD vary in different geographical regions, ranging
from 0.1% in regions of Brazil and Argentina to 7% or more in some areas of
Bolivia, Chile and Paraguay (Schenone, 1985; Lorca et al., 1987; Zaidenberg and
Segovia, 1993; Freilij and Altcheh, 1995; Russomando et al., 1998; Blanco et al.,
1999; Gûrtler et al., 2003; Torrico et al., 2004; Mora et al., 2005; Mendoza Ticona
et al., 2005).

The control of vectorial and transfusional transmission has uncovered the
Public Health importance of CCD.

Pinto Diaz has estimated that congenital transmission is responsible for
8000–16,000 annual cases in America (INCOSUR Report, 2001); recent estimations
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from Argentina have indicated that the rate of CCD is 10 times higher than that of
acute vectorial cases (Gürtler et al., 2003).

Owing to the migration from endemic areas to vector-free suburban and urban
centres, CCD is becoming increasingly responsible for the urbanization of Chagas
disease.

Mechanisms of transmission

Transplacental transmission

The maternal trypomastigotes at the intervillous space penetrate actively through
the trophoblast. They differentiate to amastigotes and multiply mainly within the
Hofbauer cells. Rupture of these nests or pseudocysts spreads the parasites and
cellular contents in the interstitium, where they provoke an inflammatory reaction
and necrosis of the placental villi. Intact trypomastigotes, which may also be re-
leased, invade other cells and/or may reach the foetal circulation, leading to con-
genital infection (Bittencourt, 1963, 1992).

The mechanisms by which the trophoblastic layer prevents foetal infection are
not well understood. It has been shown that lysosomal enzymes expressed by the
trophoblasts might restrict parasite propagation (Fretes and De Fabro, 1995;
Frank et al., 2000). Otherwise, a pathogenetic role for human placental alkaline
phosphatase (PLAP) in CCD has been proposed. PLAP is a trophoblast plasma
membrane protein anchored to the outer leaflet of the cell membrane lipid bilayer
by a glycosylphosphatidylinositol (GPI) molecule and it has been suggested that it
is important for maternal acceptance of the foetal autograft. Sartori et al. (1997)
have postulated that a decrease in PLAP activity from 36 to 40 weeks of gestation
in women with Chagas disease is related to congenital transmission. PLAP is
modified in the sera of seropositive pregnant women (Sartori et al., 1997) and in
placental villi cultured with T. cruzi (Sartori et al., 2002). PLAP participates in the
process of T. cruzi invasion into placental syncytiotrophoblast cells by a mecha-
nism that involves hydrolysis of the GPI molecule, the activation of tyrosine kinase
proteins, increase of cytosolic calcium and finally the rearrangement of active fil-
aments of the host cells.

Placental inflammation always represents a primary immune response of the
foetus to T. cruzi because the placenta is the first foetal organ to encounter the
parasite in the maternal circulation. Immunohistochemical characterization of
placental villitis caused by T. cruzi infection has revealed CD68+ macrophages
and CD8+ T lymphocytes as the predominant cell populations. Interestingly, dif-
ferences in the pattern of the inflammatory reaction have been observed between
live and stillbirths (Altemani et al., 2000). In live births, the villitis is focal with few
parasite nests, whereas in stillbirths it is diffused and severe with high quantities of
parasite cells. Other placental features of stillbirths are frequent trophoblastic ne-
crosis, MAC 387+ macrophages and CD15+ granulocytes at sites of trophoblas-
tic necrosis, the lowest CD4+: CD8+ ratios in 75% of cases and increased
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numbers of S-100 protein+macrophages in the villous stroma (Altemani et al.,
2000).

In other histopathological studies, placental parasitism has been mainly de-
tected in chorionic fibroblasts, and in the subamniotic mesenchyma of the marginal
sinus, where the placental membranes attach to the chorionic plate, in the absence
of villitis or intervillitis lesions, suggesting transference of parasites via the chor-
ionic route without direct invasion of the trophoblast.

Placental parasitism and severity of histologic changes in placenta are not nec-
essarily associated with foetal infection (Rassi et al., 1958; Moya et al., 1979;
Moretti et al., 2005).

Extra-placentary transmission

The literature describes CCD with parasitism of the chorion and amnium of ex-
traplacental membranes without invasion of chorionic villi, suggesting trans-mem-
brane transmission of parasites without transplacental passage (Moya et al., 1979;
Azogue et al., 1985). However, the mentioned works have not detailed the number
of placental tissue sections analysed. On the basis of the higher blood supply
reaching the placenta (half litre/minute) compared to the extra-placental mem-
branes, it is unlikely that congenital infection may occur via extra-placental mem-
branes without transplacental transmission. The simultaneous detection of parasites
in foetal alveolar walls causing pneumonitis, in amniotic fluid of extraplacentary
membranes and in amniotic epithelium of the umbilical cord (Bittencourt, 1988),
has also been reported. However, these cases have only been detected in cases of
pneumonitis; thus, transmission can be originated from the passage of parasites
invading the foetal lungs to the amniotic fluid with subsequent parasitic invasion of
the umbilical cord surface and extra-placentary membranes.

Congenital transmission can also take place at time of delivery in the birth canal.
This mechanism of transmission could occur in parasitologically negative newborns
that become parasitologically positive several weeks after birth (Moya et al., 1989;
Blanco et al., 2000).

Breast-feeding transmission

There have been two published cases of Chagas disease in which breast milk was
the suspected route of infection. The first case occurred in Salta, Argentina, in 1936
(Mazza et al., 1936) and the second one in Bahia, Brazil, in 1983 (Bittencourt et al.,
1988). Following the second case, studies were carried out to determine if milk
could transmit the infection. In one of them, when 100 milk or colostrum samples
from 78 nursing mothers with acute Chagas disease were examined, the results
showed that all were negative. A serological study of 97 breast-fed babies born free
of infection did not detect seropositivity. The few cases of neonates free of infection
who became infected during breast-feeding were associated with bleeding lesions of
their mothers’ nipples, thus oral transmission could not be discarded (Jörg, 1992).
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In the murine model, a low number of non-infected neonatal mice nursed by female
mice with acute Chagas disease acquired the infection during breast-feeding (Miles,
1972). Based on these findings, the WHO does not recommend that chagasic
women restrict breast-feeding, except in cases of nipple bleeding (WHO, 2002).

Clinical aspects

Without treatment, T. cruzi infection is life-long. The outcome of infection in a
particular individual is the result of complex interactions among the host genetic
background, the genetic constitution of the parasite and environmental and social
factors (Campbell et al., 2004).

There is no specific clinical marker of CCD. Congenital cases are frequently
asymptomatic, passing unnoticed unless specific tests are made (Bittencourt, 1988;
Freilij and Altcheh, 1994, 1995).

The symptoms of CCD are frequently prematurity, displaying low birth weight,
hepatomegaly, splenomegaly, symptoms of acute respiratory distress, probably re-
lated to prematurity and/or anasarca. Bronchopneumonitis, digestive manifesta-
tions, transient ocular involvement central nervous system compromise intracranial
calcification with signs of early foetal injury and microcephaly have been recorded
(Pehrson et al., 1982; Atias et al., 1985; Muñoz et al., 1992). The clinical signs
currently associated with CCD are not due to the so-called TORCH coinfections,
conformed by (T)oxoplasmosis, (O)ther agents, (R)ubella, (C)ytomegalovirus and
(H)erpes simplex (Klein and Remington, 2001). Differences among clinical man-
ifestations of CCD newborns are observed in studies performed in diverse endemic
and non-endemic regions. Indeed, in Salta, Northern Argentina, of a total of 102
CCD patients, 33.3% were asymptomatic, 28.4% premature, 58.8% had hepa-
tomegaly, 42.1% splenomegaly, 40.2% jaundice, 39.2% anaemia, 4.9% hydrops
foetalis and 3.9% meningoencephalitis (Zaidenberg, 1999). In Buenos Aires,
among 168 patients, 75.6% were aymptomatic and only 8.6% showed he-
patosplenomegaly, 1.32% sepsis, 2.3% myocarditis and 2.3% hepatitis (Freilij and
Altcheh, 1995). These differences may depend on the nutritional and immunolog-
ical status of the mother, the parasite strain and other factors yet to be identified. In
cases of perinatal coinfection with HIV, signs of acute myocarditis or meningo-
encephalitis have been more frequently described (Freilij and Altcheh, 1995; Freilij
et al., 1995). The coinfected neonates present higher levels of parasitaemia than
HIV-negative ones. Double-infected children may have a poor clinical outcome,
despite a good parasitologic response to trypanomicidal treatment (Freilij et al.,
1995).

Around the seventh month of life congenitally infected patients depict their own
IgG humoral response and subpatent parasitaemia, evolving to the so-called in-
determinate phase of disease (Freilij et al., 1994). In this phase, neurologic sequelae
and chronic cardiopathy have been detected (Arteaga-Fernandez et al., 1987;
Bittencourt, 1988). In those patients who evolve to the chronic phase of disease,
cardiac involvement is the most frequent and serious clinical form; it typically leads
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to complex arrhythmias, cardiac failure, thromboembolism and sudden death
(Rosenbaum, 1964; Rassi et al., 2000; WHO, 2002). However, a multivariate anal-
ysis of aged-matched chronic Chagas disease patients from Argentina has shown
that congenitally infected patients present a lower prevalence of cardiopathy, and
when they do present cardiopathy, there is a lower prevalence of dilation when
compared to patients infected by the vectorial route and residing in endemic areas
(Storino et al., 2002).

The digestive forms can lead to megaesopaghus and/or megacolon, with an
associated cardiopathy in a proportion of cases (Atias, 1994; WHO, 2002).

The acquired immunodeficiency syndrome (AIDS) pandemic, with 1.4 million
infected people in endemic regions for Chagas disease, may lead to reactivation of
quiescent chronic T. cruzi infections. We have recently reported the diagnosis and
follow-up of a congenital Chagas disease patient born in Buenos Aires city, non-
endemic for T. cruzi infection, who acquired HIV infection at 29 years of life; his
infection with T. cruzi was diagnosed when the patient was hospitalized with pre-
sumptive diagnosis of cerebral toxoplasmosis, which was later defined as cerebral
Chagas disease reactivation. This stresses out the public health importance of sur-
veying all newborns to seropositive mothers in both endemic and non-endemic
areas for T. cruzi infection (Burgos et al., 2005).

Immunological aspects

Pregnancy is known to induce a transient depression of maternal cell-mediated
immunity to prevent rejection of the foetus, which can increase the susceptibility to
infections with pathogens.

Mothers who transmit CCD to their offspring have shown depressed produc-
tion of parasite-specific interferon-g by blood cells that persist after delivery
(Hermann et al., 2004). Moreover, a significant correlation between T. cruzi-
specific production of IFN-g and either the age or the parity of infected mothers
was observed. This indicates that younger infected mothers with fewer previous
pregnancies produced less IFN-g than did the older infected mothers with a higher
number of previous pregnancies.

Flow cytometry has demonstrated that T cells and monocytes of transmitting
mothers stimulated with T. cruzi lysate are less activated than those of non-trans-
mitting mothers (Hermann et al., 2004).

Maternal–foetal transfer of antigens might influence the capacity of the
progeny to respond to infection through modulation of the foetal immune system.
T. cruzi infection in mothers induces deep alterations in the cytokine response of
their uninfected neonates. The possibility of maternal in uterus modulation of the
innate and/or of adaptative immune responses of uninfected newborns from
T. cruzi-infected mothers has been investigated by studying the capacity of their
white blood cells to produce cytokines in response to parasite lysate or lip-
opolysaccharide-plus-phytohaemagglutinin (LPS–PHA) stimulation (Vekemans
et al., 2000). Cells of uninfected newborns occasionally release gamma interferon
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(IFN-g) and no interleukin-2 (IL-2) and IL-4 upon specific stimulation, while their
mothers’ cells produce IFN-g, IL-2, and IL-4. In maternal cells and, remarkably, in
cells from their uninfected neonates, the delivery of proinflammatory (IL-1b, IL-6,
and tumour necrosis factor alpha (TNF-a]) and anti-inflammatory (IL-10 and sol-
uble TNF receptor) cytokines or factors is upregulated in the presence of
LPS–PHA and/or parasite lysate (Vekemans et al., 2000). Such maternal influence
on neonatal innate immunity might have protective effects, contributing to limit the
rate and severity of CCD.

Cord blood cells from CCD newborns display a predominant activation and
oligoclonal expansion of CD8+ T lymphocytes producing interferon-g, indicating
a foetal immunologic response against T.cruzi. By contrast, non-infected newborns
show an overactivation of their innate immunity, since their cord blood cells pro-
duce higher levels of inflammatory cytokines when stimulated with T. cruzi.

The analysis of IgM and IgG specificities against recombinant antigens in sera
from chagasic mothers and their newborns has allowed the detection of new
specificities in CCD, mostly targeted to shed acute-phase antigen (SAPA) and, less
frequently, to other parasite antigens, undetectable in the mothers and in non-
infected controls (Reyes et al., 1990). These findings led to propose these antigens
as indicators of congenital transmission, but further work has revealed their pres-
ence in a proportion of chronic Chagas disease patients (Vergara et al., 1991).

Risk factors for congenital transmission

The prevalence of T. cruzi infection in women of childbearing age, the transmission
rate and the morbidity and mortality of congenitally infected cases vary largely
according to the geographical areas under study. Host conditions, such as the
immunological, genetic and nutritional status of the women, age, obstetrical history
and maternal stage of the disease, as well as parasitic characteristics, such as the
strain of T. cruzi or the parasitic load, may account as risk factors for pregnancy
outcome and congenital transmission (Bittencourt, 1992). Information on the ef-
fects of chronic T. cruzi infection on foetal growth, and health of uninfected babies
born to infected mothers remains contradictory. Indeed, some studies have men-
tioned that maternal infection induces an increased risk of pregnancy loss or pre-
maturity (de Castilho and de Silva, 1976; Hernandez-Matheson et al., 1983;
Schenone et al., 1985), whereas other investigations have not detected any signif-
icant difference (Oliveira et al., 1966; Bittencourt, 1992; Blanco et al., 2000).

Pregnancy outcome

Studies carried out in endemic areas of Brazil and Bolivia (Oliveira et al., 1966;
Azogue et al., 1985) have shown that in the absence of CCD transmission, maternal
T. cruzi infection has no effect on gestational outcome, does not induce premature
delivery or foetal growth retardation and does not affect the general health of
newborns. In contrast, in Argentina and Chile, a positive correlation between

A.G. Schijman234



abortion histories and maternal T. cruzi seropositivity has been reported (Schenone
et al., 1985; Freilij et al., 1994). Studies of the experimental T. cruzi infection might
reinforce our knowledge of materno–foetal interactions. T. cruzi acute infec-
tion deeply impairs the reproductive capacity of mice, compromising implantation
and favouring placental parasitism and injury leading to foetal growth retardation
and death, in the absence of CCD. Mjihdi et al. (2002) have found that acutely
infected mice exhibit a reduction in fecundity associated to higher maternal par-
asitaemia. In fact, infected mated females do not become gravid and do not show
implantation scars, suggesting that the reproductive failure occurs before implan-
tation. Such ‘‘in-uterus’’ harmful effects may be triggered by a strong inflammatory
response, the release of cytokines such as interferon-g and TNF-a, which may in
turn shed potent proinflammatory parasitic molecules (Laucella et al., 1996). Such
maternal systemic inflammatory response might also contribute to induce resorpt-
ions, because a similar association is observed between the proportion of resorpt-
ions and maternal parasitaemia, whereas no parasites are detected in the
uteroplacental units at an early step of gestation. Foetal mortality has been de-
tected in late gestation, which is associated with high parasitism of uteroplacental
units, particularly in decidua, without foetal transmission (Andrade, 1982; Mjihdi
et al., 2002). Late placental parasitism has been related to placenta vascularization,
increase of maternal parasitaemia and local release of type 2 cytokines and trans-
forming growth factor-b, which antagonized the type 1 response that controls local
intracellular parasite proliferation. Besides, transforming growth factor-b might
favour the invasion of trypomastigotes to host cells by activating a specific sig-
nalling pathway for parasitic invasion (Hall and Pereira, 2000). The absence of
congenital infection in foetuses, despite the massive parasite invasion in placenta
and maternal blood, underlines the efficacy of the placental trophoblastic layer to
block mother-to-foetus parasitic passage (Delgado and Santos-Buch, 1978; And-
rade, 1982; Mjihdi et al., 2002). Placental injury, aggravated by the local inflam-
mation caused by parasite persistence, might drastically limit the materno–foetal
exchanges, leading to foetal death, as strongly suggested by the positive correlation
between foetal death and placental parasitic load.

The higher frequency of premature rupture of membranes observed in mothers
with Chagas disease who delivered CCD siblings might be related to the frequent
chorioamnionitis detected in their placentas (Torrico et al., 2004). A higher fre-
quency of premature births has been found among congenitally infected cases
(Bittencourt et al., 1972). A comparison made between premature (30–37 weeks of
gestation) and mature (38–40 weeks of gestation) newborns to seropositive mothers
has shown a higher infection rate in premature (50.0%) than in mature children
(8.7%; p ¼ 4.1� 10–6) (Sanchez Negrette et al., 2005). The correlation between
birth weight and infection is strongly determined by the correlation between birth
weight and gestational age. Even when excluding premature children, the associ-
ation of weight at birth and congenital transmission is still highly significant. Thus,
low birth weight and prematurity are independent risk factors for foetal infection
with T. cruzi. Studies in Bahia, Brazil, from stillbirths, livebirths and mortinates
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have shown a higher frequency of congenital transmission during weeks 22 and 26
of gestation (Bittencourt, 1992). In a Bolivian study that included only livebirths, a
higher frequency of transmission has been found between weeks 26 and 37 of
gestation (Azogue and Darras, 1991).

Maternal age and family clustering

A higher incidence of CCD has been observed in infants born to younger T. cruzi-
infected women with a lower number of previous pregnancies (Torrico et al., 2004).
This might be related to the fact that parasitaemia decreases during the natural
evolution of the infection to the chronic phase (Hoff et al., 1979). The decline of
parasitaemia with age also argues for an improvement in immunity against T. cruzi
infection over time. This is in line with data obtained in placental malaria studies
highlighting the presence of higher levels of immunosuppressive corticosteroids in
primigravidae (Rasheed et al., 1993) as well as the immunoenhancing effect of
multiparity (Fievet et al., 2002).

Family clustering of CCD has been reported (Freilij and Altcheh, 1995;
Sanchez Negrette et al., 2005; Burgos, 2006). The transmission rate in siblings of
CCD patients selected as index cases is remarkably higher than that of siblings born
to seropositive mothers who delivered all uninfected children. These findings have
demonstrated that siblings of a CCD infant are at high risk for infection and, even
in the absence of symptoms, should also be screened for infection (Sanchez
Negrette et al., 2005). No influence on the proportion of CCD children has been
detected regarding gender of the child (Sanchez Negrette et al., 2005).

CCD transmission from pregnant women with acute Chagas disease

Owing to the higher parasitaemia observed during acute Chagas disease, the risk of
CCD transmission from mothers with acute infection appears to be higher than
that from women with indeterminate or chronic Chagas disease. However, there
are few reports on acute infections in pregnant women.

The first case in Brazil was described by Rassi and coworkers in 1958. At least
11 acute cases have been already reported in Brazil and Argentina, six of which have
led to congenital transmission (Bittencourt, 1988; Moretti et al., 2005). Out of the
three reported Argentinean pregnant women with acute Chagas disease (Moretti
et al., 2005), the one who transmitted CCD had acquired T. cruzi infection at an
early stage of her pregnancy, whereas the two non-transmitting women became
infected during the third trimester, suggesting that the gestational period in which the
mother acquires acute Chagas disease could be a risk factor for vertical transmission.

CCD transmission from pregnant women with chronic Chagas disease

Most studies targeted to elucidate the mechanisms of vertical transmission have
been conducted in mothers at the indeterminate phase of the infection. Physiological
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immunomodulation occurring during pregnancy could lead to changes in the par-
asite populations. Xenodiagnosis-based follow-up has demonstrated an increase of
the parasitaemia during pregnancy in women with indeterminate Chagas disease,
particularly towards the last trimester (Storni and Bolsi, 1979). Moreover, an eval-
uation of the parasitemic profiles of 119 chronic Chagas disease women by means of
xenodiagnosis during and after pregnancy, has shown a high frequency of positive
xenodiagnosis during pregnancy (Menezes et al., 1992). Otherwise, the frequency of
infected triatomines used for xenodiagnosis is more elevated during pregnancy,
indicating higher parasitaemic levels in this period (Menezes et al., 1992). The as-
sociation between higher maternal parasitaemia and higher CCD transmission has
also been detected by means of haemoculture (Hermann et al., 2004) and PCR
analysis (Burgos, 2006).

CCD transmission from pregnant women with T. cruzi and HIV co-infection

Exacerbation of T. cruzi parasitaemia may occur in immunosuppressed patients
(Sartori et al., 2002a). T. cruzi parasitaemia is more frequently detected in HIV-
positive than in HIV-negative subjects; HIV-positive subjects also exhibit higher
parasitaemic levels (Sartori et al., 2002b). The follow-up of pregnant women with
indeterminate Chagas disease has shown a higher frequency of HIV coinfected
women among those who transmit CCD than among those who do not (Burgos,
2006). Moreover, parasite populations from HIV-coinfected CCD patients exhibit
higher diversity in their minicircle signatures (Fig. 1B, F3) suggesting that
immunosuppression might favour the proliferation of emergent T. cruzi variants, as
recently detected in a CCD adult patient who suffered an episode of cerebral
Chagas reactivation indicator of AIDS (Burgos et al., 2005).

Parasite histotropism and CCD

Studies performed in Chile have revealed that the distribution of parasite strains
among CCD patients depends on the endemicity of the region; in highly endemic
regions, CCD patients were exclusively infected with clonet 39 (T. cruzi IId),
whereas in low endemic regions CCD patients were infected with clonet 39 and
clonet 19/20 (T. cruzi I) in a low proportion (Garcia et al., 2001). Recent molecular
fingerprinting of bloodstream T. cruzi populations in chagasic mothers from
Argentina and Bolivia have identified, in all cases, T. cruzi IId, which corresponded
to the lineage detected in their CCD newborns (Burgos et al., 2004; Burgos, 2006).
Interestingly, one CCD newborn with perinatal HIV co-infection was dually in-
fected with T. cruzi I and T. cruzi II lineages (Burgos et al., 2005). These novel
findings are in agreement with the predominance of T. cruzi IId lineage in these
endemic areas (Montamat et al., 1991; Breniere et al., 1998; Schijman, 2005). Pre-
vious research has demonstrated that the high variability of T. cruzi minicircle
sequences may be useful for the characterization of genetic diversity at the infra-
lineage level and directly in clinical or biological specimens (Vago et al., 1996).
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Accordingly, we carried out RFLP–PCR of the 330 bp variable regions of the
minicircles from the kinetoplastid genome obtained from consecutive peripheral
blood samples collected at different gestational weeks during pregnancy, and found
that the T. cruzi genetic profiles were different among each T. cruzi IId-infected
pregnant woman (Fig. 1A, PWI and PWII). However, for each tested woman, a
similar profile was detected along gestation, suggesting the persistence of the
bloodstream parasite populations, with the exception of slight fluctuations of mi-
nor minicircle fragments (Fig. 1A, PWII, weeks 14, 20, 28 and 33) (Burgos et al.,
2004; Burgos, 2006). Moreover, in the same work, comparative fingerprinting of
minicircle signatures between maternal and neonatal parasite populations indicates
almost identical profiles within each paired mother–neonate case (Fig. 1B and 1C,
intra-family Jaccard Genetic Distances), including populations infecting CCD
twins (Fig. 1B, CI 4a, and CI 4b of F4). A lower degree of similarity was observed
in a pair of mother—infant whose blood samples were characterized one year after
delivery (Fig. 1B, F5 and Fig. 1C, .). This PCR-based strategy demonstrates that
the predominant populational structure of maternal bloodstream parasites per-
sisted in their CCD babies at least during the first year of life. Noteworthy, similar
minicircle profiles have been observed in blood collected from a pair of CCD
sisters, born in consecutive gestations, confirming that pregnancy does not induce
changes in the predominant parasite populations (Burgos, 2006; Schijman, 2005).

Fig. 1 Minicircle signatures of maternal and neonatal bloodstream Trypanosoma cruzi populations

implicated in CCD. 10% Polyacrylamide gels showing MspI—RsaI minicircle RFLP-based profiles from

330 bp kinetoplastid DNA amplicons obtained from peripheral blood samples of: (A) Two infected

pregnant women (PWI and PWII) analysed at different gestational weeks of second and third trimesters

of pregnancy, indicated by the numbers at the top. M1: 100 bp molecular weight marker. (B) Five

families composed by infected mothers (M) and their CCD infants (CI). Family 4 is conformed by two

CCD twins, CI4a and CI4b. Blood samples were collected at time of CCD diagnosis: F1 and F2: 2

months; F3: 48 h; F4: 16 days and F5: 12 months after delivery, respectively. C: Jaccard Genetic

distances among the minicircle signatures between each paired mother–infant (intra-family) and among

the mothers of nine families (inter-family) are shown. It was calculated as: D ¼ – (a/(a+b+c), where a is

the number of bands that are common to the two compared profiles, b the number of specific bands of

the first profile and c the number of specific bands of the second profile. The intra-family JD median

value was 0.056 (min 0–max 0.2) with the highest value for F5 pair (.), the inter-family JD median value

was (0.605, min 0.2–max 0.83) (po0.05) (Burgos, 2006).
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The parasite strain has also been implicated in the congenital infection in the
experimental model. In a study performed by Andrade (1982), where pregnant
female mice were infected with T. cruzi strains that differed according to several
parameters, clear-cut differences were noted in the incidence of placental parasitism
and in the localization of amastigotes in the vascular sinus of the placenta among
the animals in the acute phase with different strains. No parasitism of the foetal
tissues was seen. The incidence of placental parasitism reached 98% for the
Colombian strain, 18.4% for the Peruvian strain, 17% for the Y strain and 13.2%
for the Honorina strain (isolated from a woman who transmitted the infection to
twins). The presence of parasites in the vascular part of the placenta was out-
standing with the Colombian strain and infrequent with the others (Andrade,
1982).

In another study performed by Solana et al. (2002) where C3H/HeN female
mice were infected with parasite strains of different lineages and histotropism
(RA strain, T. cruzi II, pantropic/reticulotropic and K98 clone of CA-I strain,
T. cruzi I, myotropic) differences in inflammatory compromise of the genital tract,
in pregnancy outcome and incidence of congenital transmission were observed
(Solana et al., 2002). The group of mice infected with the myotropic clone depicted
lymphomononuclear infiltrates in pelvian fat and uterus interstitium, T. cruzi DNA
and moderate oophoritis, perioophoritis and vasculitis. Fertility was signifi-
cantly diminished and foetal resorptions increased but no cases of CCD were
produced. In contrast, female mice infected with the pantropic–reticulotropic
strain, showed, at mating time, mild oophoritis in the absence of inflammatory foci
and parasite DNA in utero. It is worth to note that pregnant mice infected with this
pantropic/reticulotropic strain transmitted CCD to 4% of their offspring (Solana et
al., 2002).

On the basis of the above mentioned findings, it can be hypothesized that CCD
patients become infected with the parasite populations predominating in maternal
blood, which may not have a tropism for placental tissues and are more likely to
actively penetrate from the intervillous space through the trophoblast layer reach-
ing the foetal circulation originating CCD. Further studies comparing the molec-
ular signatures of T. cruzi amastigotes detected in placental tissues with
trypomastigotes circulating in maternal and CCD neonatal blood will shed more
light regarding the role of the parasitic tropism in the incidence of congenital
transmission.

Diagnosis of congenital T. cruzi infection

There is a consensus to define a case of CCD, namely: (i) the child has to be born to
a mother with positive serology for T. cruzi, (ii) parasites must be identified at birth,
or (iii) parasites and/or non-maternal-specific antibodies must be detected later
after birth, providing that previous blood transfusion and vectorial contamination
is discarded.
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Parasitological diagnosis

Direct methods. The microscopical observation of fresh blood between slide and
coverslip can easily disclose the presence of the parasites because of their motility.
Thin- and thick-stained blood smears allow detection of the morphological char-
acteristis of the parasite, even to differentiate T. cruzi from T. rangeli. When the
parasite load is low, a concentration method is required, namely the Strout and the
microhaematocrit methods. The latter has been proved to be very sensitive in
infants under 6 months of age (Freilij and Altcheh, 1995) and it is the most rec-
ommended parasitological method for assessment of CCD (Fig. 2).

Indirect methods. Xenodiagnosis and haemoculture are traditional indirect para-
sitological methods, whose sensitivity much depends on the parasitic load of the
sample. These techniques can only be performed in specialized laboratories. Owing
to the fact that some patients present bug bite skin reaction, artificial xenodiagnosis
is recommended, which has a higher positivity than the routine method (Dos San-
tos et al., 1995; Schenone, 1999).

Molecular methods. PCR detection of T. cruzi DNA has been evaluated in dif-
ferent types of samples such as cord blood, peripheral blood and serum samples,
from neonates and infants suspected of having CCD (Russomando et al., 1992;
Schijman et al., 2003; Virreira et al., 2003; Mora et al., 2005; Burgos, 2006).
Moreover, congenital T. cruzi infection was detected by PCR in amniotic fluid from
an infected mother with a premature delivery (Nilo et al., 2000).
Most PCR procedures are targeted to the 330 bp four-high variable region of the

minicircle parasite genome (Sturm et al., 1989; Avila et al., 1991; Britto et al., 1995)
or the 195-bp satellite repeat (Moser et al. 1989), which depict the highest analytical
sensitivities, and are capable of detecting T. cruzi DNA of any lineage from blood
samples containing around 2� 10�2 parasite genomic equivalents (Schijman et al.,
2003; Virreira et al., 2003). The sensitivity of PCR for diagnosis of CCD has been
evaluated in comparison with conventional parasitological methods in single and
serial samples (Schijman et al., 2003; Solari et al., 2003; Virreira et al., 2003; Mora
et al., 2006). PCR carried out from 1998 to 2000 in 152 children born to infected
mothers in Buenos Aires showed a sensitivity of 100% in infants younger than 6
months of age where that of microhaematocrit was 82.4%. PCR specificity was
97% and that of the microhaematocrit was 100%. The PCR positivity decreased to
73.8% in CCD patients at the indeterminate CCD phase in which serodiagnosis
was the gold standard (Schijman et al., 2003). In an active transmission area of
Bolivia, the PCR depicted a sensitivity of 93.6% among infected children (Wincker
et al., 1997). Russomando et al. (1998) evaluated the PCR for early diagnosis of
CCD in newborns from Paraguay; the rate of CCD was 3% using direct micro-
scopic observation but it increased to 10% by means of PCR, which corresponded
to the incidence rate detected later by serologic monitoring at the indeterminate
phase. The diversity of the operational characteristics of the PCR in different
epidemiologic settings makes it compelling to establish multicentre studies for
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Fig. 2 Algorithm of laboratory diagnosis, treatment and follow-up of congenital Chagas disease. This

algorithm is based on the consensus recommendations published by aWHO expert committee (WHO, 2002).

(1) Microhaematocrit is recommended as parasitological method.

(2) Two serological techniques must be positive for reliable diagnosis.

(3) Standardized PCR is required for reliable diagnosis.

(4) It is recommended to perform serial microhaematocrit analysis every 7–15 days after therapy.

(5) PCR follow-up analysis may be performed at the end of treatment and every 3 months during the

first year after treatment.

(6) Serological follow-up should be performed every three months during the first year after treatment.
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standardization of this technique that should be carried out only by skilled per-
sonnel in specialized laboratories. As in other infections acquired by vertical
transmission, PCR positive findings in two consecutive clinical samples or con-
cordant PCR-positive results obtained by amplifying different regions of the par-
asite genome could be considered as a reliable diagnosis of T. cruzi infection. Once
standardized, PCR might be a valuable diagnosis tool for rapid diagnosis of CCD
at birth or during the first months of life, avoiding the delay of treatment when the
child is at the indeterminate chronic phase of CCD (Fig. 2).

Immunodiagnosis

Conventional serological assays. Three conventional IgG-based serological tests
are widely used, namely indirect haemagglutination (IHA), indirect immunofluo-
rescence (IIF) and enzyme-linked immunoassay (ELISA). In most conventional
tests, either a complex mixture of antigens (IHA and ELISA) or the entire parasite
(IIF) is employed. This increases the likelihood of detecting infection even when the
antibody levels are low. On the other hand, the probability of cross reactivity with
Leishmania spp. or T. rangeli infections increases, thus leading to false-positive
diagnosis in overlapping endemic areas.
IHA is rapid, takes about 2 h, easy to perform and its sensitivity ranges from 96

to 98%. IIF has a sensitivity of 99%, but its reading is subjective and must be
carried out by skilled personnel; in addition, a special ultraviolet light microscope is
required and the procedure implies several steps. Titration of conjugates is essential
as control of reagents. ELISA sensitivity and specificity may oscillate between 97%
and 100%, and 93% and 100%, respectively, depending on the area under study.
Accuracies among different comercial assays range from 93% to 100% (Oelemann
et al., 1998). ELISA takes several hours to perform, requires skilled technicians and
a spectrophotometer, which avoids subjectivity and can be automated. It is useful
for large-scale screening of samples. Borderline results can be obtained, which
make it difficult to establish the criteria of diagnosis. In 95% of sera from T. cruzi-
infected individuals, concordance is obtained with all three serological tests. When
two of them disagree, it may indicate a technical mistake or a characteristic of the
serum sample. In these cases, it is necessary to repeat the tests and in case of
repetitive discordant findings, non-conventional tests should be used or the serum
should be submitted to a reference laboratory.

Non-conventional serological tests. These tests have been developed mostly at
Universities and Research Institutes with the aim of increasing specificity and
avoiding cross reactivity with Leishmania spp. or T. rangeli, which share endemic
areas with T. cruzi. They are mostly based on ELISA using recombinant proteins,
purified antigens or synthetic peptides. For example, the Shed Acute Phase Antigen
(SAPA) protein (Reyes et al., 1990) has been proposed as an unequivocal antigen
for the diagnosis of CCD; however, it has also been detected in 32% of cases with
chronic infection (Vergara et al., 1991). New matrixes have been deviced for the use
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in antigen immobilization, such as strips for immunochromatographic assays, col-
oured beads, immuno- and Western blots. These tests are easy and rapid to perform
and therefore most suitable for field studies, small laboratories and emergencies in
the countryside of endemic areas, although they give only qualitative information.
Recombinant proteins used as mixtures of several components (Umezawa et al.,
2004) as well as artificially engineered recombinant antigens containing tandem
sequences of T. cruzi-specific peptides (Ferreira et al., 2001), have also been de-
veloped. Several of them have been validated in multicentre studies (Levin et al.,
1991; Luquetti et al., 2003; Umezawa et al., 2004; Ponce et al., 2005).
Compliance with good laboratory practice, including the implementation of

quality control procedures and periodical evaluation of laboratory performance,
together with legislation requiring reagents to be evaluated before they are mar-
keted, is the only means to guarantee that the results of diagnosis are truthful.

Consensus recommendations for laboratory diagnosis of CCD

The most recent multicentre consultation on management of CCD, held in Mon-
tevideo, Uruguay in 2004 underlined the following recommendations for diagnosis
of CCD.

Diagnostic procedures recommended to ascertain congenital infection at birth

This strategy has the advantage that, in case of a positive diagnosis, it gives the
physicians the possibility of informing the mother while she is still at the maternity
service and of explaining to her about the need to start antiparasitic treatment of
the newborn. Moreover, it reduces the risk to lose contact with the mother and her
baby, if they do not go back to the further appointments, which is something
frequently observed in regions and countries in which health care is not well or-
ganized. In this situation, cord blood can be recommended, since it is easy to collect
without physical or psychological traumatism for the baby and its mother. If cord
blood sampling is not possible, blood can be collected from heel or peripheral
venous puncture of the neonate. The direct examination of blood parasites using
the microhaematocrit concentration method is recommended. Other options are
Microstrout, haemoculture and/or artificial xenodiagnosis, or molecular examina-
tion of cord blood by reliable PCR techniques. In the case of negative direct
parasitological tests in babies with strong clinical suspicion of CCD, it is suggested
that these tests should be repeated.

Diagnostic procedures not recommended to ascertain congenital infection at birth

(a) T. cruzi-specific IgG serology has a low positive predictive value because the
presence of anti-T.cruzi IgG antibodies in the newborn may be due to passive
transfer of IgG maternal antibodies, which in the non-infected infant would
normally disappear around the sixth month of age (Freilij and Altcheh, 1995).
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Moreover, a small proportion of infected neonates may present false negative
or conflicting T. cruzi-specific IgG results because of specific immune com-
plexes (Corral et al., 1987) or because the infection was acquired just before or
during delivery (Freilij and Altcheh, 1995). Therefore, this procedure can be
applied when IgG specific antibodies of non-maternal origin are found, which
usually occurs eight months after delivery.

(b) T. cruzi-specific IgM serology is not sensitive in every case and may also give
false-positive results in uninfected babies born to infected mothers, possibly
due to rheumatoid factor and/or materno–foetal transfer of parasitic anti-
gens or IgM antibodies from placenta (Freilij and Altcheh, 1995; Russomando
et al., 1998; Blanco et al., 2000).

(c) T. cruzi-specific IgA serology does not reach adequate sensitivity (Di Pentima
and Edwards 1999).

Diagnostic procedures to be applied after birth

If the laboratory diagnosis cannot be performed at birth, and whatever the time
after birth, it is important to discard possible contamination by other routes such as
blood transfusion and vectorial contamination, before ascertaining CCD in infants.

Diagnosis during the first 6 months of life. Since the early diagnosis of CCD is
highly desirable, parasitological methods such as microhaematocrit or microstrout
concentration methods, xenodiagnosis, haemoculture, inoculation into suckling
mice should be performed. Out of them, microhaematocrit has been recommended
by the WHO. In cases of negative findings, reliable PCR assays could be applied,
since they present higher sensitivity (Fig. 2).

Diagnosis after 9 months of life. There is a consensus that after nine months of
age, antibodies passively transmitted from the mother disappear; so, positive
serological findings indicate T. cruzi infection of the infant. Any combination of
two serological techniques can be accepted. In terms of Public Health programmes,
it is advisable to use conventional serology in children between 9 and 12 months
(Fig. 2).

Trypanomicidal treatment

The crucial role of the parasite in the outcome of the disease has been demonstrated
by successful treatment that has prevented its progress, particularly in the early
stages of the infection. The only effective treatments are nifurtimox and ben-
znidazole, the same drugs that have been used for the last 30 years

In cases of CCD patients with clinical signs of the disease, treatment has allowed
marked clinical improvement (Freilij and Altcheh, 1995; De Andrade et al., 1996).
The fundamental standards for the treatment of CCD are basically those recently
established by the World Health Organization (WHO, Control of Chagas Disease.
WHO Technical Report Series No. 905, Geneva, 2002), which indicate the soonest

A.G. Schijman244



possible administration of either 5–10mg/kg/day of benznidazole or 10–15mg/kg/
day of nifurtimox for 30–60 days, in all congenital cases. Benznidazole treatment
may start with a dose of 5mg/kg/daily and, if after three days of treatment there is
neither leukopenia nor thrombocytopenia, the dose should be increased to 10mg/kg
daily (WHO, 2002). These drugs have proved to be effective with good efficacy and
tolerance in several studies in Argentina (Freilij and Altcheh, 1995; Sosa Estani et al.,
1998; Schijman et al., 2003), Chile (Solari et al., 2003) and Paraguay (Russomando
et al., 1998). The follow-up of Argentinean cohorts with both drugs has not shown
differences in toxicity, clinical, serological or PCR outcomes (Schijman et al., 2003).
It is expected that all CCD infants could be cured with a 100% success if the
treatment is performed before the first year of life (Freilij and Altcheh, 1995; Blanco
et al., 2000; Schijman et al., 2003).

Common adverse effects of benznidazole include photosensitive skin rashes,
headaches, peripheral neuritis, anorexia, nausea, dizziness, weight loss, asthenia
and haematological alterations. Most common adverse effects of nifurtimox in-
clude weakness, anorexia, nausea, vomiting and abdominal pain. Less-common
adverse effects include skin rashes, toxic hepatitis, central and peripheral nervous
system symptoms. Haemolysis can occur in patients with Glucose-6-Phosphate
Dehydrogenase deficiency. Children tolerate the drugs better than adults and pre-
liminary findings of chromosomal aberrations need confirmation. A severe skin
manifestation, the Lyell syndrome, may occur in children older than 10 years.

Specific treatment of chagasic mothers during pregnancy is not performed since
the teratogenic risk of the available drugs is not known and its efficiency in chron-
ically infected individuals is low. In the words of neonatologist Juan M. Jijena, from
the Hospital of Tarija, Bolivia: ‘‘if we treat the girls, we will in turn be preventing
their children from being infected when they become mothers’’ (Médecins sains
frontières, 2005).

For decades now, Chagas disease has not been considered in the new drugs
research and development programmes undertaken by the main pharmaceutical
companies.

Indicators of treatment outcome

After aetiological treatment, the criterion of cure relies on serological conversion
into negative of the anti-T. cruzi antibody response (WHO, 2002), but in patients
initiating therapy at the indeterminate phase, seroconversion usually occurs several
years after treatment, requiring long-term follow-up. However, when treatment is
initiated at an early stage, parasitological tests should be used to follow-up para-
sitological response (Fig. 2).

Parasitological follow-up

Xenodiagnosis and haemoculture are hampered by their low sensitivity, since more
than half of untreated individuals have a negative result; microhaematocrit is
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highly sensitive in infants up to 6 months of age; if a child starts treatment with
a positive microhaematocrit result it is advisable to perform serial microhematocrit
analysis every 7–15 days after therapy. A negative finding indicates a favour-
able parasitological response and is generally observed around the second and
third weeks of therapy (Freilij and Altcheh, 1995). Once treatment is completed,
serological control must be carried out every 3–6 months; seroconversion to
negative in at least two consecutive samples should be taken as criterion of cure
(Fig. 2).

PCR-based follow-up

PCR performance as an early marker of parasitological response to treatment has
been evaluated after 3–4 years of post-treatment follow-up (Wincker et al., 1994;
Russomando et al., 1998; Solari et al., 1998; Galvao et al., 2003; Schijman et al.,
2003). In the Chilean cohort, parasitological cure in 0–10-year-old children is var-
iable, and several months are required to obtain a prolonged negative result by
PCR, even though xenodiagnosis rapidly turns negative after three months in all
geographical areas studied, probably due to its lower sensitivity (Solari et al., 1998).
The early xenodiagnosis conversion indicates that a large fraction of live parasites
are rapidly eliminated from blood, but PCR becomes negative several months after
xenodiagnosis, thus suggesting that persistent shedding of parasitic kDNA into the
blood from infected cells might occur in treated patients. This explanation is based
on the assumption that PCR amplifies DNA from viable parasites and also from
lysed parasites from infected cells (polymorphonuclear cells and/or muscle fibres),
which is in agreement with the finding of T. cruzi DNA in sera of chagasic patients
(Russomando et al., 1992). In the Argentinean cohorts, serological cure has been
achieved early after treatment in those infants who started the therapy during their
first months of life. This is consistent with the results obtained by PCR monitoring,
in which a decrease of parasitaemia to undetectable levels at the end of treatment or
at the first post-treatment controls has been observed (Schijman et al., 2003).
Among those patients treated at the indeterminate phase of CCD, short-term
evaluation of cure has been difficult since conventional serology usually remains
positive for many years. In fact, in that three-year follow-up study, seroconversion
occurred in 66.7% of infants aged 7–20 months, but in only 12.5% of those in-
itiating the therapy at an older age (p ¼ 0.023) (Schijman et al., 2003). Interestingly,
out of the latter patients, the few cases that became seronegative before the three-
year follow-up were PCR negative in their pre-therapy samples, persisting PCR
negative. This observation has led to the hypothesis that indeterminate phase CCD
patients with undetectable parasitic loads by PCR might have a better treatment
outcome than those with patent parasitemias. Dissociation between post-treatment
persistent negative PCR results with positive conventional serology after the three-
year follow-up was observed in 20 out of 30 CCD patients; in agreement with
previous studies that show persistence of conventional seroreactivity with clearance
of lytic antibodies (Galvao et al., 1993, Gomez et al., 1999).

A.G. Schijman246



Attempts to measure parasite loads for monitoring CCD treatment response
have been performed by using competitive PCR, which have shown a parasite load
decrease after 30 days of treatment with benznidazole that became undetectable
after 60 days of therapy (Schijman et al., 2003).

Modern real-time PCR strategies are promising tools to develop reliable quan-
titative PCR tests for treatment monitoring (Cummings and Tarleton, 2003).

Parasitological tests are also of vital importance in demonstrating therapeutic
failure during the follow-up. In this respect, PCR can be used as an early marker of
resistance to specific chemotherapy, years before a conclusion can be drawn by
serological analysis, providing a rapid information that might allow switching to an
alternative drug.

Serological follow-up

At least two serological tests are recommended for treatment follow-up. The per-
sistence of antibody responses both in treated and parasitologically cured chagasic
patients could be explained by the presence of parasite antigens from lysed par-
asites for long periods in the lymph nodes (Schijman et al., 2003; Solari et al., 2003).
However, the therapeutic effectiveness as assessed by serological cure seems to
depend on the delay between infection and the start of treatment (Ahmed and
Gray, 1996).

The F2/3 antigenic fraction isolated from trypomastigotes contains epitopes
recognized by antibodies, that are representative of active infection (Altcheh et al.,
2003). In that work, the kinetics of conventional seronegativity and clearance of
anti-F2/3 response were compared in 21 CCD patients after receiving benznidazole.
Patientso8 months at intiation of treatment were seronegative at 6.6 months
(CI 95 3.4–9.8 months) and 4 months (CI 95 0.9–7.1 months) for conventional and
anti-F2/3 serodiagnosis respectively (p ¼ non-significant). However, CCD patients
initiating treatment at age >9 months exhibited conventional seroconversion at
63.1 months (CI 95 42.1–84.2 months) and clearance of anti-F2/3 response at 21.9
months. (CI 95 5.7–38.1 months) (p ¼ 0.0025). Consequently, the absence of anti-
F2/3 antibody response could be taken as an early indication of cure, particularly in
CCD cases with prolonged time of infection (Altcheh et al., 2003).

Consensus strategies for epidemiological control and management of congenital T.
cruzi infection

International colloquia aiming to update the situational diagnosis of CCD and its
management were organized both in Cochabamba, Bolivia in 2002 (Congenital
Infection from T.cruzi: From Mechanisms of Transmission to Strategies for Di-
agnosis and Control (Rev. Soc. Bras. Med. Trop. 2003, 36 (6): 767–771) and in
Montevideo, Uruguay in 2004 (PAHO Consultation on Congenital Chagas Dis-
ease, Its Epidemiology and Management). Groups of researchers, clinicians, and
experts in disease-management programmes, mostly from the Southern Cone of
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America participated in these events and prepared guidelines with strategies for
effective and sustainable actions against CCD. A summary of the recommenda-
tions addressed by the Advisory groups is outlined below:

(1) Congenital T. cruzi infection occurs in all the endemic areas with different
intensities and characteristics in each subregion, as well as in nonendemic
areas. Therefore, it requires particular and institutional attention from the
government of each country affected, in terms of Public Health Policy and
investigation.

(2) All plans and operations developed for screening, diagnosis, treatment and
monitoring of CCD should be incorporated into the national health system at
all levels of complexity and integrated into Primary Health Care (PHC).
Programmes to educate and train human resources should be set up to
guarantee that recommended actions persist.

(3) Vector control programmes and serological screening of blood donors must
be implemented since these are the most effective ways for preventing con-
genital transmission. In regions where control of vectorial and transfusional
transmission of Chagas disease has been achieved or improved, congenital
transmission constitutes the principal and most persistent form of the par-
asitosis in the human population.

(4) Because specific treatment of the mother during pregnancy should not be
performed with the currently available drugs, research on new drugs for the
specific and safe treatment of T. cruzi infection during gestation is strongly
recommended.

(5) Since no specific direct prevention of congenital T. cruzi infection is available,
the best strategies concerning this problem are: (i) the systematic and effective
control of the basic primary transmission routes of the infection in endemic
areas (mainly the vectorial and transfusional routes), in order to reduce the
prevalence rate of infected women; and (ii) the early and correct diagnosis of
congenital cases, in order to treat infected newborns/neonates, and thus avoid
CCD-related mortality and morbidity in the neonatal period or later in life.

(6) In communities with a high incidence of vectorial transmission and acute
infection during pregnancy, regardless of relevance, the possibility should be
explored to provide universal testing for T. cruzi infection among all new-
borns. In countries with a high frequency of home deliveries, newborns
should be tested during their first contact with the health system.

(7) Special attention must be paid to the diagnosis of CCD and its correlated
public health implications, considering the following possibilities/strategies:
(i) The ideal schedule is to institutionalize conventional serology for pregnant
women in endemic areas and to perform a follow up of the infected ones and
their babies, with the main objectives of providing adequate mother care and
being able to perform an early detection and treatment of CCD; and (ii) For
babies delivered from mothers serologically positive or with a known history
of T. cruzi infection, or for all babies born in endemic areas where prenatal
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mother examination is impossible, the suggestion is to perform laboratory
diagnosis at birth.

(8) The babies with positive results derived from either direct or indirect para-
sitological examinations, reliable PCR or serology performed at 9–12 months
of age must be treated with specific drugs. Negative babies for parasitological
tests must be clinically followed until the age of nine months, when a new
conventional serology must be performed. Negative cases at this time are
considered non-infected (Fig. 2). Positive serology will mean active infection
and the child will be treated.

(9) Concerning treatment, the Advisory Group recommended that the countries
allocate resources to procure specific drugs (nifurtimox and benznidazole)
available at uniform costs in all the concerned countries of Latin America,
ideally in a paediatric formulation. The specific treatment with the currently
available drugs (nifurtimox and benznidazole) is considered obligatory for all
cases of congenital T. cruzi infection, since it presents a high degree of ef-
fectiveness and is very safe for the majority of treated children.

(10) The fundamental standards for the treatment of congenital T. cruzi infection
are basically those already established by the WHO in a recent document
(WHO, Control of Chagas Disease. WHO Technical Report Series No. 905,
Geneva, 2002), which indicates the soonest possible administration of 5–10mg/
kg/day of benznidazole or 10–15mg/kg/day of nifurtimox for 30–60 days, in all
congenital cases.

(11) The treatment can be accomplished at an ambulatory level. However, it is
very important to inform the parents and relatives about the correct admin-
istration of the drug to assure its best effectiveness and to avoid overdosage
and collateral effects. Treated babies must be clinically and biologically fol-
lowed, ideally every three months until one year after treatment. Cure as-
sessment is established when conventional serology becomes persistently
negative. In the rare congenital cases of therapeutic failure, re-treatment must
be considered in each particular circumstance.

(12) Reinfection of treated and cured babies is possible and has been registered in
endemic regions where housing infestation by triatomines occurs. So, an insti-
tutional programme against congenital T. cruzi infection in endemic areas must
always be associated with regular activities of vector and blood banks control.

(13) Each detected case of congenital T. cruzi infection presupposes an epidemi-
ological investigation in the whole family in terms of Public Health Policy, in
order to detect other infected children and to make possible an epidemio-
logical evaluation of the situation, also providing medical attention to other
eventually infected relatives.

(14) In a particular way, infected mothers deserve special attention concerning
future possible pregnancies because of the risk of repeated foetal infections in
children of subsequent pregnancies. Moreover, it is reminded that the pos-
sibility of Chagas heart disease must be investigated in order to prevent
complications during pregnancy and birth.
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While we continue to be a semifeudal country based on an agricultural economy

set up in the monoculture, we cannot talk seriously about the fight of tropical

diseases. Tropical diseases are born in a different main disease, our delay. Our

obsolete economy is the main responsible factor for schistosomiasis, leprosy,

Chagas disease, malaria, smallpox, and other endemic and epidemic diseases of

our poor land. Amado, 1985
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Gûrtler RE, Segura EL, Cohen JE. Congenital transmission of T. cruzi infection in Argen-

tina. Emerg Infect Dis 2003; 9: 29–35.

Guzman-Bracho C, Lahuerta S, Velasco-Castrejon O. Chagas disease. First congenital case

report. Arch Med Res 1998; 29(2): 195–196.

Hall BS, Pereira MA. Dual role for transforming growth factor beta-dependent signaling in

Trypanosoma cruzi infection of mammalian cells. Infect Immun 2000; 68(4): 2077–2081.

Hermann E, Truyens C, Alonso-Vega C, Rodriguez P, Berthe A, Torrico F, Carlier Y.

Congenital transmission of Trypanosoma cruzi is associated with maternal enhanced par-

asitemia and decreased production of interferon-gamma in response to parasite antigens. J

Infect Dis 1 2004; 189(7): 1274–1281.

Hernandez-Matheson IM, Frankowski RF, Held B. Foetomaternal morbidity in the pres-

ence of antibodies to Trypanosoma cruzi. Trans R Soc Trop Med Hyg 1983; 77: 405–411.

Higo H, Miura S, Horio M, Mimori T, Hamano S, Agatsuma T, Yanagi T, Cruz-Reyes A,

Uyema N, Rojas de Arias A, Matta V, Akahane H, Hirayama K, Takeuchi T, Tada I,

Himeno K. Genotypic variation among lineages of Trypanosoma cruzi and its geographic

aspects. Parasitol Int 2004; 53(4): 337–344.

Hoff R, Mott KE, Milanesi ML, Bittencourt AL, Barbosa HS. Congenital Chagas’s disease

in an urban population: investigation of infected twins. Trans R Soc Trop Med Hyg 1978;

72: 247–250.

Hoff R, Mott KE, Silva JF, Menezes V, Hoff JN, Barrett TV, Sherlock I. Prevalence of

parasitemia and seroreactivity to Trypanosoma cruzi in a rural population of Northeast

Brazil. Am J Trop Med Hyg 1979; 28(3): 461–466.

Congenital Chagas Disease 253



INCOSUR Report. Congenital transmission should be included in the Southern Cone In-

itiative? IX Reunión de la Comisión Intergubernamental del Cono Sur contra la enferme-

dad de Chagas. Rev Patol Trop 2001; 30: 57.

Jörg ME. The transmission of T. cruzi via human milk. Rev Soc Bras Med Trop 1992;

25(1): 83.

Klein JO, Remington JS. Current concepts of infections of the fetus and newborn infant. In:

Infectious Diseases of the Fetus and Newborn Infant (Remington JS, Klein JO, editors).

Philadelphia: W.B. Saunders; 2001.

Laucella S, Salcedo R, Castanos-Velez E, Riarte A, de Titto EH, Patarroyo M, Orn A,

Rottenberg ME. Increased expression and secretion of ICAM-1 during experimental in-

fection with Trypanosoma cruzi. Parasite Immunol 1996; 18: 227–239.

Levin MJ, Franco da Silveira J, Frasch A, Camargo M, Lafon S, Degrave WM,

Rangel-Aldao R. Recombinant Trypanosoma cruzi antigens and Chagas’ disease diagno-

sis: analysis of a workshop. FEMS Microbiol Immunol 1991; 4(1): 11–19.
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Plate 1 Immunohistochemical double detection of viral and cellular in CMV-infected placenta explants.

(A) In blue, the cytokeratin marker showing the trophoblast layer and in brown CMV-early antigen

(� 200); (B) In blue, the vimentin-positive cells showing fibroblast cells and in brown CMV-immediate

early antigen (� 400); (C) In blue, the endothelial cell marker and in brown CMV-early antigen (� 400);

(D) In blue, the CD68 marker showing macrophages and in brown CMV-early antigen (� 500). From

Gabrielli et al. (2001) (see also page 6 of this volume).
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Plate 2 Facial vesicular rash indicative of neonatal HSV infection (see also page 25 of this volume).

(Photograph courtesy of Andrew Pavia, Division of Infectious Diseases, Department of Pediatrics,

University of Utah School of Medicine.)

Plate 3 Recurrent HSV rash in a young infant with a history of neonatal HSV infection (see also

page 31 of this volume). (Photograph courtesy of Andrew Pavia, Division of Infectious Diseases,

Department of Pediatrics, University of Utah School of Medicine.)
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Plate 4 Peripheral blood lymphocytes isolated on Ficoll from a patient with roseola infantum (caused

by HHV-6) and stained with monoclonal antibody to gp 60/110. Approximately 2–3% of the cells are

positive for HHV-6 antigens. With permission from Dr. Janos Luka, Ph.D, associate professor,

Department of Pathology, Eastern Virginia Medical School (1993 to present). http://herpesvirus.

tripod.com/gallery/pictures/imfluo/ar202.JPG (see also page 43 of this volume).
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Plate 5 SUP-T1 cell line infected with HHV-7 and stained at day 7 with monoclonal antibodies to gp 110 envelop antigen. With permission from Dr. Janos

Luka, Ph.D, associate professor, Department of Pathology, Eastern Virginia Medical School (1993 to present) (see also page 44 of this volume).

http://herpesvirus.tripod.com/gallery/pictures/imfluo/7ve701.JPG.
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Plate 6 Female stillborn with cicatricial skin lesions involving the left side of chest, axilla, and shoulder

as well as hypoplasia of the left upper limb after maternal varicella between the 13th and 15th gestational

weeks (see also page 57 of this volume).
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Plate 7 Female neonate with lethal neonatal varicella (see also page 61 of this volume).
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