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Infection). Sometimes, MRI may also be helpful in evaluation of 
the  gastrointestinal tract and hydropic fetus when the etiology 
of abnormality is unknown. Discussion of ultrasound and MRI 
in the evaluation of the GI tract and nonimmune hydrops can 
be found in Chapters 18.1 and 22.2, respectively.

This chapter reviews the agents most commonly associated with 
congenital infection and their respective ultrasound findings. In 
addition, a discussion about pathogenesis and other  maternal– fetal 
diagnostic modalities and management is provided.

VIRAL INFECTIONS

Cytomegalovirus

Definition and Incidence: Cytomegalovirus (CMV) occurs in 
0.2% to 2.2% of all live births and is the most common cause of 
intrauterine infection and the leading infectious cause of senso-
rineural hearing loss and mental retardation.3–5

Pathogenesis: CMV is the largest known member of the human 
herpes virus family. These viruses are large, enveloped, DNA 
viruses sharing the biologic properties of latency and reactiva-
tion. Endogenous latent virus reactivation may occur regularly. 
Although CMV is found throughout all geographic locations, 
it is more widespread in developing countries and in areas of 
lower- socioeconomic conditions. The seroprevalence increases 
with age and is due to many other factors such as poor hygiene, 
underdeveloped infrastructure, and high-risk sexual behavior.6 
Transmission of CMV occurs from person to person and re-
quires intimate contact with infected excretions, such as saliva, 
urine, breast milk, or other body fluids.7,8

Vertical transmission can occur through the placenta from 
maternal–fetal hematogenous exchange. In addition, fetal infec-
tion can also occur as a result of exposure to infected cervical se-
cretions and blood during delivery. The risk for transmission of 
the virus to the fetus is higher in primary-infected mothers than 
in those with reactivated disease. Although, primary CMV in-
fections are reported in 1% to 4% of seronegative women during 
pregnancy, the risk for viral transmission to the fetus is 30% to 
40%.5 Pregnant women who experience recurrent or reactivated 
CMV infection are much less likely to transmit infection to their 
fetus. While reactivation of CMV infection during pregnancy is 
reported to occur in 10% to 30% of seropositive women, the risk 
of transmitting the virus is only 1% to 3%.

The overall risk of congenital infection is highest when maternal 
CMV occurs during the third trimester; however, the probability 
of severe fetal injury is greatest when fetal infection takes place 
during the first trimester. During early pregnancy, CMV infection 
may cause disturbances during early brain development. CMV in-
fections acquired during delivery or via breast milk have no effect 
on future, neurodevelopmental outcome in full-term infants. In 
contrast, in premature infants (<32 weeks), sepsis-like symptoms 
have been reported after exposure to contaminated secretions.6

Diagnosis: During diagnosis, two important steps must be fol-
lowed. Initially, maternal infection must be investigated, and 

Fetal infections account for 2% to 3% of all congenital anoma-
lies.1 Infections acquired during pregnancy may be associated 
with significant maternal–fetal morbidity and mortality. Preg-
nant women are commonly exposed to young children who 
may be a potential source of infectious disease. Maternal infec-
tions may be transmitted to the fetus, leading to poor perinatal 
and neonatal outcomes. Congenital infections pose many dif-
ficult issues for physicians and parents because of the obscure 
short and potential long-term sequelae that may adversely affect 
a variety of organ systems. Over the last few decades the pre-
vention, detection, and treatment of congenital infections have 
improved dramatically. Despite being more common in un-
derdeveloped countries, perinatal infections remain a concern 
worldwide. Thus, a sound knowledge of congenital infection is 
important for the clinician involved in maternal–child health. It 
is estimated that congenital infections account for nearly 20% of 
fetal and neonatal diseases.

Several organisms, such as cytomegalovirus (CMV), parvo-
virus, herpes simplex virus (HSV), human immunodeficiency 
virus (HIV), Toxoplasma gondii, varicella zoster virus (VZV), 
rubella, and Treponema pallidum are known to cause fetal infec-
tions. Less commonly considered pathogens include enterovi-
ruses, Listeria monocytogenes, Plasmodium, and Mycobacterium 
tuberculosis. Efforts such as universal immunizations, precon-
ceptional screening, and good hygienic practices have been in-
strumental in the reduction of incidence of these diseases.

Concern for exposure to infectious agents during pregnancy 
should prompt the workup of both the mother and fetus. So-
nographic findings may assist in fetal prognostication, aid in 
patient counseling, and influence perinatal management. Apart 
from ultrasound, other commonly employed methods for prena-
tal diagnosis of congenital infection include magnetic resonance 
imaging (MRI) and amniotic fluid and fetal blood sampling.

Improvement in ultrasound technology has enhanced our un-
derstanding of fetal diagnosis and management. However, ultra-
sound is not a sensitive test for fetal infection and a normal targeted 
sonogram cannot reliably predict a favorable outcome. Although, 
most affected fetuses appear sonographically normal, serial imag-
ing may reveal evolving findings. Crino2 reported that the initial 
screening ultrasound may not demonstrate any abnormalities; 
however, the fetus may show signs of undetected clinical infection 
only during the latter part of pregnancy. Various sonographic ab-
normalities have been associated with congenital infections, such 
as ascites, hydrops, ventriculomegaly, intracranial calcifications, 
hydrocephaly, microcephaly, cardiac anomalies, hepatospleno-
megaly, echogenic bowel, and placentomegaly. Multiple organ 
systems are affected in approximately 50% of cases. Different in-
trauterine infections may have similar sonographic findings, but 
certain patterns of images in high-risk patients may lead to a spe-
cific diagnosis. Thus, practitioners should understand the limita-
tions of ultrasound for the detection of congenital infection.

Since the central nervous system (CNS) is often affected by 
infectious exposures, fetal MRI may be utilized as an adjunct 
to ultrasound to provide further definition of brain injury. MRI 
will not be emphasized in this chapter, but findings with  regard 
to CNS infection can be found in Chapter 12.2 (Fetal CNS 
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(Fig. 23.3), fetal hydrops, intrauterine growth restriction (IUGR), 
placentomegaly (Fig. 23.4), and oligohydramnios. Less common 
findings include supraventricular tachycardia, meconium peri-
tonitis, renal dysplasia, ascites, and pleural effusions.

Ventriculomegaly is frequently diagnosed during fetal life 
and has multiple etiologies, including CMV infection. Around 
5% of all cases of ventriculomegaly are caused by fetal infection. 
De Vries et al.14 found periventricular calcifications associated 
with mild-to-moderate ventriculomegaly in 10 out of 11 chil-
dren with symptomatic congenital CMV infection. Malinger 
et al. demonstrated similar findings in five of eight affected fe-
tuses with congenital CMV. In addition, fetuses with ventriculo-
megaly were identified at a more advanced gestational age (28.6 
weeks) and had other associated sonographic findings than 
those without ventriculomegaly.15

Microcephaly is associated with a poor prognosis in cases 
of congenital CMV, usually due to mental retardation. Noyola 
et al.16 reported that microcephaly is the most specific predic-
tor for mental retardation (100%; 95% CI, 84.5–100) and ma-
jor motor disability (92.3%; 95% CI, 74.8–90) in children with 
symptomatic congenital CMV infection. Of note, microcephaly 
may not be apparent during the second-trimester ultrasound 
examination and generally is not an isolated finding. More 
common associated findings include intracranial calcifica-
tions, increased echogenicity of the lining of the ventricles, and 
ventriculomegaly.

differentiation should be made between maternal primary and 
secondary infection based on serologic testing. Next, after ma-
ternal infection has been demonstrated, congenital infection 
should be investigated using both noninvasive (ultrasound ex-
amination) and invasive (amniocentesis) prenatal testing.

The best method for the diagnosis of asymptomatic mater-
nal primary infection is seroconversion; however, this is clini-
cally problematic due to the lack of universal screening. The 
detection of IgM antibodies in maternal sera can be helpful, 
but interpretation is somewhat complicated. Although CMV-
IgM antibodies occur in all primary infections, they may also 
be detected after reactivation or reinfection and remain present 
for months. Hence, finding CMV-IgM antibodies in a single se-
rum sample is not definitive for the diagnosis of a primary CMV 
infection and may indicate either remote primary infection ac-
quired before pregnancy or recurrent disease.5,9

Apart from seroconversion, the combination of anti-CMV-
IgM and low-avidity anti-CMV IgG testing is the best way to 
diagnose a primary maternal infection. Antibody avidity is an 
indirect measure of the tightness of antibody binding to its tar-
get antigen and increases during the first months after a pri-
mary infection. The IgG avidity assay can be a useful tool to 
assist in distinguishing primary infection from past or recurrent 
infection as well as to determine when the primary infection 
occurred. An avidity index <30% strongly suggests a primary 
infection of less than 12 weeks.10,11

The clinical spectrum of congenital CMV infection is wide, 
ranging from a complete lack of symptoms to severe disease 
with multi-organ involvement and postnatal complications. The 
most sensitive and specific test for diagnosing congenital CMV 
infection is the identification of CMV in amniotic fluid using 
virus culture or CMV-DNA analysis by polymerase chain reac-
tion (PCR). CMV-DNA and CMV-IgM antibody activity may 
also be demonstrable in cord blood. Amniocentesis is generally 
the procedure of choice because it is safer and has a higher diag-
nostic sensitivity compared to cordocentesis. The amniotic fluid 
should be sampled after the 21st week of pregnancy and at least 
5 to 6 weeks after the estimated onset of infection.6

Approximately 5% to 15% of infants who develop congeni-
tal CMV infection as a result of primary maternal infection are 
symptomatic at birth. The most common clinical manifestations 
of severe neonatal infection are hepatosplenomegaly, intracra-
nial calcifications, jaundice, growth restriction, microcephaly, 
chorioretinitis, hearing loss, thrombocytopenia, hyperbilirubi-
nemia, and hepatitis.6 Approximately 30% of severely infected 
infants die, and 80% of survivors have major morbidity. Among 
the 85% to 90% of infants with congenital CMV infection who 
are asymptomatic at birth, 10% to 15% subsequently develop 
hearing loss, chorioretinitis, or dental defects within the first 
2 years of life.12,13

Ultrasound: Ultrasound evaluation is invaluable in providing 
information about the condition of the fetus. The presence of 
characteristic ultrasound findings has a high predictive value 
for fetal infection and also may have prognostic significance. 
Because routine maternal CMV screening is not recommended, 
congenital CMV infection is underdiagnosed, and detection 
during pregnancy is often noted when suspicious sonographic 
abnormalities are found during routine screening examinations.

The main sonographic findings suggestive of congenital 
CMV infection are echogenic bowel (Fig. 23.1), ventriculo-
megaly (Fig.  23.2), microcephaly, periventricular calcifications 

FIGURE 23.1: Sagittal-oblique ultrasound view demonstrating echo-
genic bowel at 26 gestational weeks in a fetus with known congenital CMV.

FIGURE 23.2: Axial ultrasound view showing ventriculomegaly in a 
 patient with known congenital CMV at 27 weeks’ gestation.
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of cortical development. A detailed ultrasound, including dedi-
cated neurosonography, and perinatal MRI are indicated when 
the above-mentioned intracranial ultrasound findings are de-
tected during the initial routine screening examination.

Hyperechogenic bowel and ventriculomegaly are the most 
common abnormal ultrasound findings in CMV  infection, 
although they may also be seen in uninfected fetuses. 
Guerra et al.17 reported the following sonographic  abnormalities 
in 23 cases of CMV-infected fetuses/infants: hyperechogenic 
bowel (n = 7),  cerebral ventriculomegaly (n = 7), IUGR 
(n = 3), hydronephrosis (n = 1), hydrops (n = 1), cerebral peri-
ventricular echogenicity (n = 1), and the association of two or 
more fetal abnormalities (hyperechogenic bowel and cerebral 
 ventriculomegaly, n = 3).

Hepatomegaly and hepatic calcifications may be also found 
in cases of fetal infection. Hydrops and ascites have been docu-
mented and may be related to hepatic dysfunction and portal 
hypertension from liver congestion. Supraventricular tachy-
cardia and pericardial effusion have also been reported in as-
sociation with CMV infection. During a 6-year study period, 
Gonce et al.18 diagnosed 19 fetuses with CMV infection. The 
main sonographic findings were the following: brain abnor-
malities (n = 14), fetal hydrops (n = 4), hyperechogenic bowel 
(n =  4), pericardial effusion (n = 1), cardiomegaly (n = 1), 
 oligohydramnios (n = 4), and placentomegaly (n = 2).

Although ultrasound is a valuable tool in evaluating a fetus 
with CMV infection, its limitations should be discussed when 
counseling patients. Guerra et al.17 studied the effectiveness of 
ultrasound in the antenatal detection of symptomatic congenital 
CMV infection. Six hundred and fifty ultrasound examinations 
of fetuses from mothers with primary CMV infection were cor-
related to fetal or neonatal outcome. Ultrasound abnormalities 
were found in 51 of 600 mothers with primary infection (8.5%) 
and 23 of 154 congenitally infected fetuses (14.9%). They con-
cluded that ultrasound abnormalities predict symptomatic 
congenital infection in only a third of cases. Liesnard et al.9 re-
ported characteristic sonographic findings in 9 of 55 infected 
fetuses (16.4%), but the majority of infected newborns were 
asymptomatic. Another issue is that abnormal sonographic 
findings may be only detected for the first time during the third 
trimester after a normal ultrasound examination earlier in the 
pregnancy. Although repeat ultrasound examination during the 

Ventriculitis, which manifests as an increased echogenicity 
surrounding the lateral ventricles, is an ultrasound finding that 
may be present in CMV infection, although it also may be a 
normal variant. As with ventriculomegaly, it will rarely be an 
isolated ultrasound finding. Periventricular pseudocysts and 
intraventricular synechiae (IVS) have also been described in as-
sociation with CMV infection.

Brain calcifications are considered a strong and common 
 ultrasound marker of intrauterine infections. It is not an ex-
clusive ultrasound finding in CMV infection and has been 
described in fetuses with other infections such as congenital 
toxoplasmosis, rubella, herpes simplex, and varicella. The cal-
cifications do not usually have an acoustic shadowing, and al-
though they may be found in any portion of the brain, they have 
particular predilection for the periventricular zone.

Congenital CMV infection during the late first or early sec-
ond trimester may interfere with neuronal proliferation and 
migration, and result in abnormal cortical development, includ-
ing lissencephaly and schizencephaly. Microcephaly, ventricu-
lomegaly, callosal dysgenesis, and abnormally developed sulci 
and gyration are the most common initial ultrasound findings 
in fetuses with congenital CMV infection and malformations 

FIGURE 23.3: Cytomegalovirus. A: Transverse view of fetal brain shows ventricular dilatation and 
periventricular echogenic nodules (arrow). B: Computed tomography scan (oriented to correspond 
with ultrasound image) after birth confirms hydrocephalus and marked periventricular calcifications 
 (arrows). (Courtesy of Luis Izquierdo, MD, Miami, FL.)

FIGURE 23.4: Thickened placenta in a pregnancy diagnosed with con-
genital CMV at 30 weeks’ gestation.
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infection occurs during the first two trimesters of pregnancy; 
however, fetal infection can still occur during the third trimes-
ter.31–33 It is highly unlikely that fetal infection will occur if the 
mother has IgG antibodies, since prior infection with parvovi-
rus B19 confers lifelong immunity.34

Pathogenesis: The risk of fetal complications depends upon 
the gestational age at the time of maternal infection. The in-
cidence of fetal morbidity and mortality decreases with gesta-
tional age. The highest risk for fetal loss happens when maternal 
infection develops during the 9th through the 16th weeks of 
pregnancy.35,36 The risk of vertical transmission is maximal at 
the time IgM antibodies appear. This coincides with maternal 
peak viral load which occurs generally 7 days after maternal 
inoculation.37

The virus is spread by respiratory droplets, hand-to-mouth 
contact and by blood products containing factor XIII and IX 
concentrates.31–33,38,39 Outbreaks usually occur during the spring 
every 4 to 5 years and may last up to 6 months. Viremia occurs 
4 to 14 days after exposure and may last up to 20 days. Serum 
and respiratory secretions become positive for parvovirus DNA 
5 to 10 days after intranasal inoculation. Symptoms such as ery-
thema infectiosum, mild fever, arthralgias, and headaches start 
approximately 10 to 14 days after infection; however, many peo-
ple remain asymptomatic. By the time erythema infectiosum 
develops, the person is usually no longer infectious.

The fetal liver, the main site of erythrocyte production, is the 
virus’s main target of infection.31 The fetus is more vulnerable 
during the second trimester when the liver is the main source 
of hematopoietic activity, and the half-life of red blood cells is 
short. Parvovirus is a potent inhibitor of hematopoiesis because 
it infects erythroid precursor cells such as erythroblasts and 
megakaryocytes. Resultant severe anemia may occur, leading to 
congestive heart failure and the development of hydrops fetalis. 
Parvovirus may infect fetal cardiac myocytes and hepatocytes, 
resulting in myocarditis and impaired hepatic function, respec-
tively.40 Subsequent development of fetal high-output cardiac 
failure, generalized edema, and death may occur.40 Thus, the 
development of hydrops may not correlate with the severity 
of fetal anemia. Placental trophoblastic cells also express the P 
antigen, the main cellular receptor for the virus, and are thus 
susceptible to infection by parvovirus. Poor fetal outcomes have 
been associated with placental villous trophoblast apoptosis in 
patients with congenital infection.41 Such observations suggest 
that parvovirus infection may be associated with placental in-
sufficiency. Stillbirth in nonhydropic fetuses may result from 
placental damage and occurs in 0.9% to 23% of pregnancies 
with documented maternal infection.42,43

Diagnosis: Serologic examination of maternal blood is the 
 initial and most useful diagnostic tool for parvovirus. Specific 
IgM and IgG testing should be performed as soon as possible 
once maternal infection is suspected during pregnancy.44 IgM 
antibodies become detectable in maternal serum within 7 to 
10 days after infection, sharply peak at 10 to 14 days, and can 
persist in the circulation for 3 to 4 months or longer.45 IgG anti-
bodies will rise considerably more slowly and reach a plateau at 
4 weeks after infection. Of note, after a recent contact, there will 
be a serologic window of 7 days, during which both IgG and IgM 
remain undetectable.44 Women who are IgG-positive and IgM-
negative can be reassured that there is no evidence of recent in-
fection.  Patients with IgG- and IgM-negative–specific antibody 
should be considered susceptible, and further serological testing 

third-trimester scan may lead to a more accurate diagnosis and 
help with counseling, pregnancy termination would not be an 
option due to advanced gestational age.

Management: The best prevention for congenital CMV infec-
tion is primary prevention with personal hygiene practices, 
such as hand-washing and avoiding intimate contact with sali-
vary secretions and urine from young children. Vaccination to 
CMV is currently under investigation and is not available for 
clinical use yet.

Although there are several methods for the prenatal diagnosis 
of congenital CMV infection, there is no effective treatment to 
offer once a diagnosis has been made. The use of CMV-specific 
hyperimmune globulin for treatment was evaluated by Nigro 
et al.19 in 157 pregnant women with primary CMV infection. 
Forty-five women who had a primary infection longer than 
6 weeks and congenital infection confirmed by amniocentesis 
were enrolled. Thirty-one of these women received intravenous 
treatment with CMV-specific hyperimmune globulin (200 U 
per kg of maternal body weight), and only one had an infant 
with clinical CMV disease at birth. In comparison, of the 14 
women who declined treatment, 7 had infants who were symp-
tomatic at delivery (adjusted OR, 0.02, P < .001). The maternal 
administration of valaciclovir and ganciclovir to treat intrauter-
ine CMV infection has also been reported.20,21 Although these 
studies were not randomized, they are promising and offer a 
possible treatment option for congenital CMV infection.

Intrauterine therapy with cytomegalovirus hyperimmuno-
globulin has also been attempted. Negishi et al.22 was the first 
to report intraperitoneal CMV hyperimmunoglobulin admin-
istration in a fetus at 28 and 29 weeks of pregnancy. Since then, 
other investigators have reported the use of intraperitoneal 
CMV hyperimmunoglobulin as a possible treatment alternative 
for congenital CMV.23–25 In addition, both the intraumbilical 
and intra-amniotic fluid administration of CMV-specific hy-
perimmune globulin has been performed.26

Parvovirus

Definition and Incidence: Human parvovirus B19 is a small 
single-stranded DNA virus from the Parvoviridae family that 
is responsible for erythema infectiosum, also known as fifth 
disease, and is a common childhood illness. It is a worldwide 
infection that affects individuals from infancy through adult-
hood. Infection can occur at any age but most commonly affects 
children from 6 to 10 years of age. The prevalence of parvovirus 
IgG antibodies steadily rises throughout life. In children aged 
from 1 to 5 years and from 6 to 19 years, the prevalence of IgG 
antibodies is 2% to 15% and 15% to 60%, respectively. In the 
geriatric population, the prevalence is more than 85%.27,28

More than half of reproductive-age women have developed 
immunity to parvovirus B19. About 35% to 45% of women of 
childbearing age, however, do not have protective IgG antibod-
ies against parvovirus. During pregnancy, the risk of acquiring 
parvovirus infection is low. The incidence of acute infection 
in pregnancy is approximately 1% to 2% during endemic pe-
riods.29 Women at increased risk include mothers of preschool 
and school-age children, workers at day-care centers, and 
school teachers. Vertical transmission occurs in about 30% to 
50% of mothers infected with parvovirus during pregnancy.30 
Congenital infection can cause severe fetal consequences, 
such as anemia, nonimmune hydrops fetalis (NIHF), and fetal 
death. The risk of adverse fetal outcome is increased if maternal 
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should be carried out 4 weeks after the last contact or if signs of 
the disease develop.35 IgM-positive patients, irrespective of IgG 
status, should receive serial fetal evaluation to rule out congeni-
tal infection.

Since most infected pregnancies have a favorable outcome, 
invasive prenatal diagnostic testing should only be used if there 
are definitive signs of fetal anemia or hydrops fetalis.35 Ultra-
sound must be used for diagnosis and surveillance. Fetal infec-
tion may be identified by using PCR of parvovirus viral DNA 
in amniotic fluid or fetal cord blood. Amniocentesis is the pre-
ferred method of choice due to less complications and increased 
availability. Serologic examination of fetal blood samples is 
highly unreliable since the IgG and IgM response to parvovirus 
is not produced during intrauterine life. Detection of parvovirus 
using specific IgM in fetal blood has a sensitivity of 29% com-
pared to almost 100% for PCR.35,44,46

Ultrasound: As soon as a recent parvovirus maternal infection 
is suspected during pregnancy, ultrasound examination should 
be performed to exclude the presence of fetal anemia and hy-
drops. The virus infects the liver which is the main site of eryth-
rocyte production in the fetus leading to anemia, most often 
occurring during the second trimester. Increased cardiac out-
put and decreased viscosity of fetal blood caused by anemia are 
responsible for the changes in fetal blood during congenital in-
fection. An increase in the middle cerebral artery peak systolic 
velocity (MCA-PSV) (Fig. 23.5) is a very sensitive measure to 
identify fetal anemia caused by parvovirus infection.47 Weekly 
measurements of MCA-PSV are recommended after maternal 
infection is documented. Timing of intrauterine transfusion for 
treatment of fetal anemia and prevention of fetal hydrops can be 
based on these MCA-PSV measurements. The infection causes 
anemia and possible myocarditis, leading to high-output car-
diac failure and subsequent development of generalized edema. 
Fetal hydrops, an accumulation of excess fluid in at least two 
body compartments of the fetus, can be easily seen with ultra-
sound. The median interval between maternal parvovirus infec-
tion and diagnosis of hydrops fetalis is about 3 weeks, but may 
vary between 1 and 20 weeks.48 The ultrasonographic findings 
include fetal ascites, skin edema, pericardial effusion, pleural ef-
fusions, and placental edema (Figs. 23.6 to 23.11).  Enlargement 
and thickening of the fetal heart also may be documented during 

FIGURE 23.5: Duplex Doppler of the middle cerebral artery at 24 ges-
tational weeks demonstrating increased peak systolic velocity in a fetus 
exposed to parvovirus.

FIGURE 23.6: Cross-sectional ultrasound view of the abdomen show-
ing marked ascites in a fetus with congenital parvovirus.

FIGURE 23.7: Axial ultrasound image of the fetal head showing scalp 
edema in a pregnancy exposed to parvovirus and positive IgM titers.

FIGURE 23.8: Cross-sectional ultrasound view of the fetal chest dem-
onstrating marked pericardial effusion in a pregnancy with confirmed 
parvovirus infection by amniotic fluid PCR.
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FIGURE 23.9: Sagittal view of chest demonstrating pleural effusion at 
20 gestational weeks in a fetus with congenital parvovirus.

FIGURE 23.10: Placentomegaly demonstrated by ultrasound in a preg-
nancy complicated by fetal parvovirus infection.

FIGURE 23.11: Cross-sectional view of the chest in a fetus with con-
genital parvovirus showing bilateral pleural effusions, more prominent 
in the left hemithorax. The fetal heart is displaced to the right side of the 
chest.

the examination. Fetal structural anomalies associated with 
 parvovirus are uncommon; however, ultrasound  findings such 
as hydrocephalus, hyperechogenic bowel, meconium peritoni-
tis, fetal liver calcifications, cleft lip and palate, and increased 
fetal nuchal translucency have been reported.48–52

Management: Maternal infection with parvovirus is self- limited 
and is treated symptomatically. Acute red cell aplasia may rarely 
occur and requires serial measurements of hemoglobin and 
possible blood transfusions to prevent maternal complications 
due to severe anemia. The confirmation of fetal infection is not 
required for suspected maternal infection.

If serologic evidence suggests possible maternal infection, 
weekly measurements of fetal MCA-PSV and US assessment 
for hydrops should be performed. The MCA-PSV may diagnose 
significant fetal anemia with a sensitivity of as high as 100%.53 
In parvovirus infection, the MCA-PSV was reported to have a 
sensitivity of 94.1% for the diagnosis of fetal anemia.47 Percuta-
neous umbilical blood sampling (PUBS) should be considered 
once the MCA-PSV reaches 1.5 multiples of the median (MOM) 
for gestational age. If fetal anemia is confirmed, fetal blood 
transfusion is indicated. Intrauterine transfusion with packed 
red blood cells for cases of severe fetal anemia has been shown 
to reduce perinatal morbidity and mortality. Fetal survival may 
be as high as 60% to 80% when intrauterine transfusion is at-
tempted, compared to only 15% to 30% with hydrops and no 
intervention. Fairley et al.54 compared outcomes of expectant 
management with intrauterine transfusion in cases of maternal 
parvovirus infection, and found a greater than 7-fold reduction 
in fetal death with the use of intrauterine transfusion.

In addition, a targeted fetal ultrasound and echocardiography 
should be performed, especially in cases complicated by hy-
drops fetalis. Delivery is recommended at 34 gestational weeks 
in pregnancies affected with hydrops fetalis. An attempt to cor-
rect fetal anemia should be considered before delivery to im-
prove neonatal outcome.

Prognosis: The long-term prognosis for children who received 
intrauterine transfusion (IUT) for congenital parvovirus infec-
tion is controversial. Some studies have shown that children 
who underwent a successful intrauterine transfusion have good 
neurodevelopmental outcomes.36,55 Miller et al.36 described 
seven cases of fetal hydrops, two of which received IUT. They 
were unable to find any long-term developmental problems 
in the patients who received fetal blood transfusion. Similarly, 
Dembinski et al.55 followed up 20 children with parvovirus 
infection treated with IUT and found no evidence of develop-
mental delay. On the other hand, de Jong et al.44 described an 
increased risk of both neurodevelopmental delay and cerebral 
palsy in children treated with intrauterine transfusions for con-
genital parvovirus infection. Parvovirus DNA has been detected 
within white matter multinucleated, reactive microglial cells, 
suggesting that the virus itself may play a direct role in perivas-
cular changes and white matter damage.56 Alternatively, severe 
fetal anemia and hydrops may cause hypoxic-ischemic cerebral 
injury, thereby, contributing to the increased rate of neurode-
velopmental complications. Lindenburg et al.57 demonstrated 
similar findings of developmental delay and cerebral palsy in 
neonates that underwent IUT for severe fetal anemia. However, 
for a number of reasons, these fetuses are likely to be delivered 
prematurely, which is itself a significant risk factor for pediatric 
developmental disorders.

Kline9781451175837-ch023.indd   822 07/08/14   8:07 PM



CHAPTER 23 • Congenital Infections    823

# 153287  Cust: LWW   Au: Kline  Pg. No. 823 
Title:  Fundamental and Advanced Fetal Imaging  1e

C M Y K
Short / Normal

DESIGN SERVICES OF

S4-CARLISLE
Publishing Services

Amniotic fluid sampling for fetal diagnosis of CRS should be 
performed 6 to 8 weeks after maternal infection to avoid false-
negative results. Samples of amniotic fluid may be sent for viral 
cultures; however, this method lacks sensitivity and final results 
may take up to 6 weeks. PCR technology may be used to diag-
nose CRS, having the advantage of increased detection rates and 
faster result times.69 The diagnosis of CRS via chorionic villus 
sampling has been described.76

Ultrasound: Ultrasound has an important role in the prenatal 
diagnosis of CRS. Migliucci et al.77 performed a retrospective 
study on 175 women referred for rubella infection. Sonographic 
findings of IUGR, polyhydramnios, cardiomegaly, atrial sep-
tal defect, hepatosplenomegaly, ascites, echogenic bowel, and 
placentomegaly were detected. Ugurbas et al.78 reported an as-
sociation between microphthalmos and CRS. Ventricular septal 
defect and pulmonary stenosis have also been reported in cases 
of CRS.79  Exencephaly was diagnosed in one case.80

Management: Maternal rubella is a self-limited disease requir-
ing only symptomatologic care. Severe complications of rubella 
infection such as encephalitis, thrombocytopenia, neuritis, 
conjunctivitis, and orchitis should be aggressively managed. 
Termination of pregnancy may be offered in cases of maternal 
infection. The maternal administration of immune globulin 
in large doses (20 mL in adults) in cases of susceptible women 
exposed to rubella during gestation has been proposed.67 This 
treatment, however, has not produced encouraging results be-
cause it does not seem to prevent fetal infection. Post exposure 
prophylaxis for rubella in early pregnancy is not recommended 
due to unproven clinical efficacy. The rubella vaccine is con-
traindicated during pregnancy; therefore, susceptible women 
should be immunized postpartum.

Prognosis: Up to two-thirds of children with congenital rubella 
may be asymptomatic at birth, but will develop sequelae within 
the first 5 years of life.74 Classic findings associated with neona-
tal rubella are low birth weight with a cluster of abnormalities, 
including cataracts, sensorineural deafness, and cardiac defects 
such as patent ductus arteriosus, pulmonary artery stenosis, and 
coarctation of aorta. Less common neonatal heart defects that 
have been reported are aortic stenosis and Ebstein anomaly.81–84 
Purpura (blueberry muffin spots), microphthalmia, corneal 
opacity, glaucoma, hepatosplenomegaly, thrombocytopenia, 
and radiolucent bone lesions may also be found.85 Late mani-
festations of congenital rubella include hearing loss, pancreatic 
insufficiency, and behavioral disorders.74,85 Diagnosis is made 
by serum detection of rubella IgM before 3 months of age or 
persistent IgG between 6 and 12 months of age.

Herpes Simplex Virus

Definition and Incidence: Genital HSV type 1 (HSV-1) or HSV 
type 2 (HSV-2) is a common infection in United States, affecting 
16.2% or 1 in 6 people between the ages of 14 and 49 years.86 
Approximately 25% to 65% of pregnant patients in the United 
States have genital infection with HSV. The frequency of neo-
natal HSV infection in the United States varies according to the 
patient population, with the rate of infection ranging from 1 
case per 12,500 to 1 case per 1,700 live births. Whitley et al.87 
analyzed the data from 30 U.S. health plans and showed a rate 
of 60  cases per 100,000 live births. This incidence is higher 

Rubella Virus

Definition and Incidence: Rubella, also known as German mea-
sles and “third” disease, is caused by a lipid-enveloped, single-
stranded RNA togavirus.58 Congenital rubella syndrome (CRS) 
was one of the earliest-described vertically transmitted infections 
in the newborn infant.59 The last major epidemic of rubella in 
the United States occurred between 1964 and 1965, during which 
time 20,000 cases of infants were born with CRS. Cases of infec-
tion during pregnancy have been significantly reduced following 
vaccine development in 1969. From 1995 to 2000, an average of 
five cases of CRS has been reported annually in the United States. 
Newborns affected by CRS are most commonly born in countries 
where routine rubella vaccination programs are not used.

Pathogenesis: Rubella is an airborne transmitted infection 
spread by small respiratory droplets which becomes infectious 
7 days prior to the appearance of the initial symptoms. Verti-
cal transmission is hypothesized to occur 5 to 7 days follow-
ing maternal inoculation.60 The clinical features of rubella are a 
rash, fever, arthralgias, and lymphadenopathy. The rash gener-
ally manifests initially on the face and then gradually migrates 
toward the trunk and then to the lower extremities.60 Gener-
ally self-limited complications such as encephalitis, throm-
bocytopenia, neuritis, conjunctivitis, and orchitis have rarely 
been reported to occur as a result of rubella.60–62 Importantly, 
encephalitis from rubella infection has been associated with a 
50% mortality. Subclinical infection can occur in up to 50% of 
patients; however, in these patients, fetal anomalies as a result of 
congenital infection rarely occur. Reinfection with rubella after 
prior documented infection or immunization is extremely rare 
during pregnancy.63,64 Antibody titers lower than 1/64 has been 
associated with reinfection.65 The risk of vertical transmission 
depends upon gestational age and is 90%, 25%, and 95% during 
the first, second, and third trimesters, respectively. During the 
first trimester, CRS is extremely rare if the maternal rash occurs 
within the first 2 gestational weeks. If the rash appears during 
the 3rd gestational week, the infection rate is 31%, and nearly 
100% afterwards.66 Congenital heart defects and deafness most 
commonly occur in infected fetuses during the first trimester, 
but are rare afterwards.

Laboratory Studies: Serological analysis is based on the de-
tection of IgG, IgM, and also IgG avidity antibodies.60,67 The 
enzyme-linked immunosorbent assays (ELISA), hemoagglu-
tination inhibition test (HI), and the immunofluorescent anti-
body assay (IFA) are the most common methods of antibody 
detection.59,60,67–69 Acute rubella infection is characterized by 
the appearance of rubella IgM about 5 days after the onset of 
the maternal rash and persists for 6 weeks.70 The presence of 
IgM antibodies does not always correspond to an acute infec-
tion. A false-positive IgM for rubella can result in patients with 
parvovirus, mononucleosis, or a positive rheumatoid factor.71 
In addition, IgM antibodies may persist for 1 year or more in 
a chronic rubella carrier. Thus, in order to properly establish a 
timeline of infection, it is important to measure the Rubella IgG 
avidity. A high IgG avidity indicates chronic carrier status, while 
a lower IgG avidity indicates a more recent infection. The evalu-
ation of IgG, IgM, or the RNA virus in the saliva instead of in the 
blood has been proposed to diagnose rubella.72–75  Ramsay et al.75 
found a sensitivity of 98% and a specificity of 100% for IgG, and 
a specificity of 99% for IgM detected in the saliva.
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suggestive of genital herpes should undergo both type-specific 
assay and viral identification testing. Routine antepartum 
screening in asymptomatic patients is not recommended.

Ultrasound: Since intrauterine HSV infection is very uncom-
mon, limited experience exists regarding the sonographic 
prenatal diagnosis. Various fetal malformations have been asso-
ciated with congenital herpes, including microcephaly, cerebral 
atrophy, hydranencephaly, intracranial calcifications, ventricu-
lomegaly, microphthalmia, chorioretinitis, cataracts, congenital 
herpetic keratitis, congenital heart disease, hepatic calcifications, 
nonimmune hydrops, bullous skin lesions and scars, lower-limb 
hypoplasia, and abnormal digits. Fetal cerebral malformation, 
echogenic bowel (Fig. 23.12), and skin lesions seem to be more 
common ultrasound findings in fetuses with congenital herpes. 
Brain lesions are considered as secondary to the cytotoxic virus 
effects, or subsequent ischemia caused by vascular occlusion of 
cerebral vessels. Lanouette et al.90 reported a 14-fold increase in 
a-fetoprotein (AFP) noted during second trimester screening in 
a patient with multiple fetal congenital anomalies. At 19 weeks’ 
gestation, the patient underwent an amniocentesis and cordo-
centesis with results consistent with HSV infection.

Jayaram and Wake91 reported a case with confirmed maternal 
HSV-2 infection in which a screening ultrasound at 20 weeks 
did not show any abnormalities. During the third trimester, 
the patient was admitted with reduced fetal movements. An ul-
trasound examination then noted absent corpus callosum and 
gross ventriculomegaly associated with absent end-diastolic 
flow of umbilical artery Doppler. Interestingly, an irregular 
heart rate with fluctuating baseline between 60 and 160 beats 
per minute was also documented.

In a case report by Diguet et al.,92 during a screening ultrasound 
at 23 weeks of gestation, IUGR, absence of limb movements, 
thickened skin, hyperechogenic bowel, placental micronodular 
alterations, moderate pericardial effusion, and a reverse flow of 
the ductus venosus were noted. Because of a previous clinical 
episode of HSV at the beginning of pregnancy, amniocentesis 
was performed, revealing a positive PCR for HSV-1. On follow-
up sonographic examination at 27 weeks of gestation, oligohy-
dramnios associated with fetal abdominal and lower-limb skin 
irregular thickness, esophageal hyperechogenicity, and per-
sistence of IUGR were found. The pregnancy was terminated, 
and fetal examination revealed extensive skin ulceration on the 
trunk and limbs, splenomegaly, and cardiomegaly.

than that of congenital syphilis, toxoplasmosis, and congenital 
rubella.

Pathogenesis: HSV belongs to the family of double-stranded 
DNA viruses known as Alphaherpesvirinae, a subfamily of the 
Herpesviridae. HSV type 1 (HSV-1) and type 2 (HSV-2) are dif-
ferentiated based on the glycoproteins within the lipid envelope. 
Glycoproteins G1 and G2 are associated with HSV-1 and HSV-
2, respectively. The hallmark of herpes infection is the ability 
to infect epithelial mucosal cells where replication occurs. The 
virus, then, gains access to sensory neurons and stay latent in 
the sensory ganglia for years, followed by reactivation.

HSV is transmitted from person to person through direct 
contact. HSV-1 is usually acquired orally, but may also be sexu-
ally transmitted. HSV-2 is primarily a sexually transmitted in-
fection. Most neonatal infections result from exposure to HSV 
in the genital tract during delivery, although both viruses may 
also be transmitted vertically during pregnancy. Traditionally, 
HSV-1 was typically associated with orofacial lesions while 
HSV-2 was felt to cause genital herpes. Although HSV-2 still 
predominates as the major etiology for genital herpes, an in-
creasing proportion has been ascribed to HSV-1 recently, espe-
cially in younger women. According to the Centers for Disease 
Control and Prevention (CDC), the rate of HSV-2 seropreva-
lence in the United States has remained stable since the mid-
1990s at 16.2%.86

The three categories of genital herpes infections are primary, 
nonprimary, and recurrent. A primary HSV infection is a newly 
acquired infection in the absence of preexisting antibodies to 
either HSV-1 or HSV-2. Primary symptomatic genital herpes 
have an incubation of a period of 2 to 20 days and cause ulcer-
ation of the external genitalia and cervix as well as blistering 
lesions on the internal thigh, buttocks, and perineal skin. Pri-
mary HSV infections can also be associated with a number of 
systemic symptoms such as fever, malaise, and headache.

Nonprimary episode infection refers to newly acquired anti-
bodies to HSV-1 or 2 in the presence of preexisting antibodies 
to the other type. Nonprimary infections tend to be less severe 
than primary HSV infections and to have less systemic symp-
toms and quicker recovery times. HSV-2 antibodies are highly 
protective against new HSV-1 infection, thus, nonprimary 
HSV-1 infections are much less common.

Recurrent genital HSV infections refer to the reactivation of 
a latent genital HSV. The HSV type obtained from the lesion 
matches the HSV type obtained from the serum. Recurrent 
infections are typically less severe, unilateral, and have fewer 
lesions than either primary or nonprimary infections.88 As in 
nonprimary HSV, recurrent genital HSV infections are more 
common with HSV-2 as opposed to HSV-1. Asymptomatic 
viral shedding may occur during phases in between clinical 
outbreaks of genital herpes, where HSV reactivates within the 
sensory neurons of the genital mucosa. Most sexual transmis-
sion of HSV occurs during periods of asymptomatic viral shed-
ding because patients are unaware that they are infectious.89 
Most cases of genital HSV infection in women occur without 
signs or symptoms of disease and are associated with cervical 
viral shedding.

Diagnosis: There are a variety of methodologies for the diagno-
sis of HSV infection, including viral culture, PCR, direct fluo-
rescent antibodies, Tzanck smears, and serologic identification 
of IgG and IgM. Pregnant women who present with symptoms 

FIGURE 23.12: Sagittal-oblique ultrasound view demonstrating echo-
genic bowel at 26 gestational weeks in a fetus with congenital herpes 
simplex virus.
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unaware of their infection96; so the CDC recommends routine 
preconceptional HIV-testing for all women.97

Pathogenesis: HIV attaches to the CD4 molecule on T lympho-
cytes via the external glycoprotein (gp120) and the transmem-
brane protein (gp41) located on the HIV envelope.98 Following 
release into the cell cytoplasm, the viral RNA is reverse tran-
scribed into DNA by the virus’ own reverse transcriptase en-
zyme. After host-cell synthesis of HIV viral proteins, they are 
transported in close proximity to the cell membrane for as-
sembly and egress. Destruction of the host’s immune system 
ensues as CD4 T-cells are consumed by the HIV virus. HIV is 
transmitted primarily by exposure to contaminated body flu-
ids, especially blood and semen. During pregnancy, HIV may 
be transmitted to the fetus either transplacentally, at the time of 
vaginal delivery, or through breast milk.

Diagnosis: The enzyme-linked immunosorbent assay per-
formed on a blood sample or the rapid HIV test performed on 
blood or oral mucosa is the screening test of choice. Any posi-
tive HIV-screening test should be followed by a confirmatory 
western blot assay. Patients with a positive confirmatory testing 
result are considered to be infected with HIV and should be re-
ferred for consultation to an HIV specialist. A thorough labora-
tory evaluation, including CD4+ T-cell count, and plasma HIV 
RNA PCR is recommended.

Ultrasound: HIV infection has not been associated with any 
specific fetal anomalies. Joao et al.99 followed 995 HIV-infected 
pregnant patients undergoing antiretroviral therapy (ART). No 
significant increase in the rate of congenital anomalies was found 
compared to the overall population. In addition, they found that 
the prevalence of congenital anomalies was not affected by the 
timing of ART exposure during pregnancy.99 However, the in-
creasing complexity of antiretroviral (ARV) regimens used an-
tenatally for HIV treatment may result in potential drug-related 
adverse events such as low birth weight and preterm birth.100–103 
Late IUGR has been demonstrated in  HIV-infected pregnant 
women.104 Similarly, in a prospective cohort study, Aaron et al.105 
found an increase in small for gestational age (SGA) births in 
HIV patients compared to an HIV-negative population. There-
fore it is suggested to follow up HIV patients with serial growth 
ultrasounds. Ultrasound has been used to investigate abnormal 
placental implantation in HIV-positive women. Savvidou et al. 
investigated the effect of maternal HIV infection on the degree 
of placental invasion through pulsatility index measurements 
of the uterine arteries during the first trimester. No significant 
differences, however, were found in placental perfusion of HIV 
patients compared to non-HIV patients.106

Management: All women should be tested immediately upon 
diagnosis of pregnancy. Repeat testing should be done during 
the third trimester for patients at high risk of acquiring HIV an-
tenatally. Instrumentation and invasive procedures, such as fetal 
scalp electrodes, forceps, vacuum suction devices, amniocente-
sis, cordocentesis, and chorionic villus sampling, may increase 
the risk of vertical transmission and should be avoided. Davies 
et al.107 reviewed the risk of fetal infection with amniocentesis in 
women with HIV. They concluded that in HIV-positive women 
noninvasive screening tools, such as maternal serum and fe-
tal ultrasound screening, be preferentially performed prior to 
the consideration of amniocentesis.107 Furthermore, artificial 

Duin et al.93 reported a case in a patient with confirmed 
HSV in which a normal ultrasound at 20 weeks’ gestation with 
symmetric fetal growth was obtained; however, during a third- 
trimester examination, marked cerebral ventriculomegaly, third 
ventricle enlargement, frontal thinning of the cerebral cortex, 
and microcephaly were noted. A follow-up ultrasound demon-
strated a slight dissolution of the cortical mantle. Severe paren-
chymal destruction, particularly in the temporal and parietal 
lobes, was confirmed by a prenatal MRI. The occipital cerebral 
cortex was also globally thinned with microgyria. Postmortem 
examination confirmed the prenatal diagnosis of hydranen-
cephaly. This report suggests that fetal MRI may provide sig-
nificant additional information in assessing the extensiveness 
of the fetal HSV infection. Interestingly, fetal malformation 
caused by congenital herpes infection may be only evident dur-
ing the late part of pregnancy despite an initial normal screen-
ing ultrasound. Thus, third-trimester ultrasound evaluation for 
an anatomy follow-up and biometry should be considered in 
 pregnancies with known herpes virus infection.

Management: Although considerable effort is made for the viral 
identification of genital HSV, treatment regiments do not vary 
by virus type. During a primary outbreak in pregnancy, oral an-
tibiotic therapy is indicated to reduce the duration and sever-
ity of symptoms. Viral shedding is also decreased with proper 
therapy. No data indicates that maternal treatment reduces the 
risk of neonatal herpes. Acyclovir is not teratogenic and may be 
administered either orally in pregnant women with a first epi-
sode of genital herpes or intravenously in pregnant women with 
severe genital or disseminated herpetic disease.

Transabdominal invasive procedures, such as chorionic villus 
sampling, amniocentesis, and percutaneous umbilical sampling, 
may be performed even when genital lesions are present. Tran-
scervical procedures should not be performed during the pres-
ence of active lesions.

Prognosis: Neonatal HSV infection is defined as infection in a 
newborn within 28 days after birth. There are three categories 
of neonatal infections: cutaneous disease, CNS disease, and dis-
seminated disease. Cutaneous disease is a HSV disease localized 
to the skin, eye, and/or mouth. Although cutaneous disease has 
a low mortality, it may progress to CNS or disseminated dis-
ease. CNS disease manifests with neurologic symptoms as well 
as positive CSF PCR findings and carries a mortality of approxi-
mately 15%. Disseminated disease has the worst prognosis with 
the highest fatality rate. Involvement of multiple organs (e.g., 
hepatitis, pneumonitis, or disseminated intravascular coagula-
tion) is common and has a mortality rate of 31% and 85%, with 
and without therapy, respectively.

Human Immunodeficiency Virus

Definition and Incidence: Acquired immune deficiency syn-
drome (AIDS) is a severe immunological disorder caused by 
the HIV RNA retrovirus, resulting in a defect in cell-mediated 
immune response leading to an increased susceptibility to op-
portunistic infections. Despite aggressive efforts by the health 
community to reduce vertical transmission, HIV remains a 
significant perinatal risk globally. Almost 33.3 million people 
worldwide are infected, with 88% of infected infants born to 
mothers who did not receive any antiretroviral treatment.94,95 In 
the United States, approximately 21% of patients with HIV are 
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followed by pruritus and a maculopapular rash that becomes 
vesicular. The rash will crust over in approximately 5 days. The 
period of contagiousness is 1 to 2 days before the onset of the 
rash and continues until all lesions are crusted.

Intrauterine infection occurs via transplacental transmis-
sion following maternal viremia. The vertical transmission rate 
increases with advancing gestation age. In a large prospective 
study, Enders et al.117 demonstrated that IgM was detected in 
5%, 10%, and 25% of infants at birth, following maternal vari-
cella infection during the first, second, and third trimester, re-
spectively. The type of fetal infection depends on the gestational 
age when the disease takes place. Infection during the first half of 
pregnancy may be complicated by CVS, while maternal disease 
around the time of delivery results in neonatal varicella.118,119

Diagnosis: The diagnosis of varicella generally is based on its 
classic clinical manifestations, and laboratory testing is unneces-
sary. Cases in which clinical manifestations are ambiguous but 
infection is suspected, culture, fluorescent antigen staining, or 
PCR testing for VZV DNA can be performed on vesicular fluid 
or scrapings from the lesions. Serologic tests are generally not of 
use for diagnosis, because specific antibodies only become de-
tectable after the rash has occurred. At present, there are no reli-
able prenatal markers to predict fetal disease or severity. Serial 
ultrasound examinations of the fetus may be useful since some 
anomalies are not detected sonographically during the first ex-
amination.120 PCR testing has been used to detect VZV infec-
tion in amniotic fluid with a high sensitivity and specificity.121,122 
Amniocentesis should not be performed until 1 month after 
maternal infection to avoid false-negative results.120,123 VZV cul-
tures from amniotic fluid have a poor sensitivity.124 Disruptions 
in the fetal skin may cause an elevation of a- fetoprotein (AFP) 
in maternal blood and amniotic fluid as well as an increase in 
acetylcholinesterase within the amniotic fluid.120

Ultrasound: Targeted ultrasound is recommended for all pa-
tients with documented infection to identify fetal anomalies 
associated with congenital varicella. Possible findings include 
IUGR, microcephaly, ventriculomegaly, cerebellar dysplasia, 
polyhydramnios, oligohydramnios, hydrops, and calcifica-
tions in the liver (Fig.  23.13), abdomen, and lungs.120,125,126 

rupture of membranes should be avoided in the absence of ob-
stetrical indications.

Plasma viral load prior to delivery is the strongest  predictor of 
vertical transmission and also will determine the mode of deliv-
ery. The American College of Obstetricians and Gynecologists 
recommend a scheduled cesarean delivery at 38 weeks of ges-
tation for HIV-infected women with viral loads >1,000 copies 
per mL regardless of the ART regimen.108 The combination of 
ART antenatally and intrapartum Zidovudine (AZT) has led to 
a significant decrease in the rate of vertical transmission of HIV. 
Prior to vaginal delivery, patients should receive a 2 mg per kg 
intravenous loading dose of AZT over 1 hour, followed by 1 mg 
per kg of intravenous AZT until cord clamp.109 For HIV patients 
undergoing cesarean delivery, AZT should begin 3  hours be-
fore the surgery. Aside from AZT, all other ART drugs should 
be continued intrapartum.109 Lastly, antibiotic prophylaxis  for 
 Pneumocystis and Mycobacterium avium complex may be re-
quired according to the CD4 count.

Prognosis: Pregnant patients affected with HIV should be 
counseled that in the absence of ART, the risk of vertical trans-
mission is approximately 25%. With AZT, the risk is reduced to 
5% to 8%. When care includes both AZT and scheduled cesar-
ean delivery, the risk is decreased to 2% or less. A similar risk 
is seen among women with viral loads of less than 1,000 copies 
per mL despite the mode of delivery. Neonatal administration of 
ART has been shown to decrease the rate of seroconversion in a 
newborn of an HIV-infected mother.110

Varicella Zoster Virus

Definition and Incidence: Varicella infection, also known 
as chickenpox, is uncommon during pregnancy though an 
 important cause of maternal and fetal complications. An in-
cidence of 1.6 to 4.6 per 1,000 has been reported among indi-
viduals  between 15 and 45 years of age in the United States of 
America (USA).111,112 Approximately 90% of adults born in the 
United States and  Europe are immune to VZV. The introduction 
of  universal varicella vaccination has reduced the rate of VZV 
transmission in some countries.

Serious fetal complications have been associated with vari-
cella acquired during pregnancy. Congenital varicella syndrome 
(CVS) is more common with maternal infection during the first 
half of pregnancy and may lead to multiple fetal anomalies. 
Since the first description of CVS in 1947 by Laforet et al.,113 
several other cases have been reported. Primary VZV during 
pregnancy may result in congenital infection 25% of the time.114 
Fetal outcomes depend on the time when the infection occurs. 
If maternal infection takes place during the first 20 weeks of ges-
tation, the incidence of CVS is approximately 1% to 2%. The risk 
for spontaneous abortion is also increased during this period.115

Pathogenesis: Varicella zoster virus (VZV) is a DNA virus of the 
herpes family and is highly contagious. The primary infection, 
also referred to as chickenpox, is self-limited. It is transmitted 
from person to person by direct contact, via respiratory droplets 
or secretions, or via aerosolization of vesicular fluid from skin 
lesions. The virus enters the host through the upper respiratory 
tract.116 The incubation period usually lasts between 14  and 
16 days but can vary from as few as 10 or as many as 21 days 
after contact.115 Initially, nonspecific prodromal symptoms, 
such as fever, chills, headache, malaise, and sore throat, occur, 

FIGURE 23.13: Liver calcifications seen on cross-sectional ultrasound 
view of abdomen in a fetus with suspected congenital varicella syndrome.
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usually occurs from intractable gastroesophageal reflux, severe 
recurrent aspiration pneumonia, or respiratory failure. Struc-
tural anomalies are usually not seen with neonatal varicella 
syndrome. Before VZIG was available, the mortality rate from 
neonatal varicella syndrome was 31%.136 Since the introduction 
of VZIG, the mortality rate has dropped to 7%.118

Other Viral Infections

Congenital viral infection with Coxsackie B1 and B5 during the 
first trimester has been associated with fetal myocarditis result-
ing in severe heart failure.79 (pp762–763) Intrauterine infection 
with enterovirus has been postulated as a possible cause of fu-
ture development of type 1 diabetes during adolescence.137

PARASITIC INFECTIONS

Toxoplasmosis

Definition and Incidence: Toxoplasmosis is a parasitic infec-
tion caused by Toxoplasma gondii. It is estimated that 400 to 
4,000 cases occur in the United States each year.138–140 Further-
more, recent data suggests that congenital toxoplasmosis occurs 
in approximately 1 in 10,000 live births.139 Treatment has been 
shown to decrease fetal infection rate, thus underscoring the 
importance of prenatal diagnosis.

Pathogenesis: T. gondii undergoes a complex life cycle com-
prised of three stages known as the tachyzoite, bradyzoite, and 
sporozoite phases. The tachyzoite phase represents the acute 
stage of infection where the protozoan invades and replicates 
within host cells. The bradyzoite phase represents the latent 
stage of infection where the protozoan exists as a tissue cyst. 
During the sporozoite phase, the protozoan exists as an environ-
mentally resistant cyst. It is the tachyzoite form of the organism 
that is responsible for congenital infection. Members of the fam-
ily Felidae are the definitive reservoir of T. gondii while humans 
are temporary hosts only. During acute infections, cats excrete 
T. gondii oocysts in their feces, and humans are then infected 
by fecal–oral contact. Other routes of transmission to humans 
include ingestion of raw or inadequately cooked infected meat 
or unwashed fruits or vegetables and exposure to contaminated 
soil from gardening.141 Sporozoites penetrate the human host’s 
gastrointestinal mucosa and are released in the tachyzoite phase 
into the systemic circulation. A woman can then transmit the 
infection to her fetus transplacentally. The incubation period 
may range from 10 to 23 days after ingestion of undercooked 
meat, and from 5 to 20 days after ingestion of oocysts from cat 
feces.142

Maternal infection with T. gondii prior to conception rarely 
results in congenital infection.143 The prevalence of maternal 
infection is 0.4%, and out of those patients, 40% will develop 
congenital toxoplasmosis. The risk of congenital infection is di-
rectly related to the fetal gestational age. While acute maternal 
infection occurs between 10% and 25% of the time during the 
first trimester, it will occur between 60% and 90% of the time 
during the third trimester.144,145 The severity of congenital toxo-
plasmosis, however, is inversely related to fetal gestational age 
with the most devastating fetal infections occurring during the 
first half of pregnancy. Significant fetal morbidity and mortal-
ity decreases from 75% during the first trimester to almost 0% 
toward the end of the pregnancy.79 (763)

Limb anomalies, including hypoplasia and contractures, are 
commonly found in cases of congenital varicella. Free-floating 
echogenic material and spicular echo reflections surrounding 
the skin may be indicative of cutaneous lesions.126 Fetal ocular 
defects such as cataracts and microphthalmia may be visualized, 
as well. Interestingly, during a second-trimester ultrasound in a 
patient with documented varicella infection, a case of congenital 
pulmonary airway malformation (CPAM) was documented.127 
Multiple bilateral, diffuse hyperechogenic lesions in the lungs 
as well as multiple sonolucent areas in the liver were the only 
other noted abnormal images. Of note, sonographic findings 
associated with varicella fetopathy are nonspecific and may be 
associated with several other congenital infections, creating a 
difficulty in obtaining a clear diagnosis.

Fetal MRI may be a valuable adjunct to prenatal ultrasound. 
Verstraelen et al.126 reported a case of congenital varicella infec-
tion in which additional information was obtained using MRI. 
During a routine prenatal ultrasound at 26 weeks’ gestation, 
diminished gross fetal body movements, left lower-limb hypo-
plasia with club-foot deformity, right-kidney pyelectasis, echo-
genic bowels, and multiple calcifications in the liver and thorax 
were visualized. CNS lesions including cerebellar hypoplasia, 
pachygyria, and incomplete opercularization of the Sylvian fis-
sure were missed by ultrasound, but were clearly demonstrated 
by MRI at 32 weeks. Prenatal MRI may, therefore, contribute 
to initial sonographic findings which may help enhance patient 
counseling.126

Management: Among adults who do not recall having varicella, 
the majority of patients are actually immune.128 A history of var-
icella or two-dose vaccination is sufficient to reassure a pregnant 
patient that she is not susceptible to varicella infection. If mater-
nal serology is negative, secondary prevention during pregnancy 
must be considered. Susceptible pregnant seronegative women 
exposed to varicella should be offered varicella zoster immuno-
globulin (VZIG) to limit maternal disease. Although, optimum 
protection is obtained when the dose is administered within 
96 hours of exposure, some experts suggest that VZIG may be 
administered with benefit up to 10 days after exposure.129 VZIG 
should not be given once active disease has begun.116 The rec-
ommended dose of VZIG  is 125 units per 10 kg of body weight, 
up to a maximum of 625 units. Intravenous immune globulin 
(IVIG) can be substituted if necessary at a dose of 400 mg per 
kg if VZIG is not available. If VZIG is not administered within 
4 to 10 days of exposure, antiviral therapy may be considered for 
postexposure prophylaxis; however, some authorities question 
its safety or efficacy compared to VZIG.

Even though VZIG has been shown to reduce the incidence 
of symptomatic disease in pregnant women, it does not influ-
ence the risk of development of CVS. Since serial ultrasound 
may lack sensitivity or specificity as a diagnostic tool for fetal 
varicella syndrome (FVS), invasive prenatal diagnosis to con-
firm congenital infection should be considered. Although, there 
is no validated in utero treatment for FVS, a negative amniocen-
tesis result can reassure parents that their child has no risk of 
FVS or of any long-term impairment.

Prognosis: Maternal infection during the second trimester and 
early third trimester most often does not result in CVS and is 
associated with a good prognosis.130–133 Generally neonates 
born with CVS have poor outcomes. Isolated cases of more 
favorable scenarios have been reported.134,135 Neonatal death 
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Diagnosis: In adults the severity of T. gondii infection is cor-
related with the immune status of the host.142 Generally, for 
immunocompetent adults, toxoplasmosis infections result in 
mild symptoms of lymphadenopathy, fever, fatigue, and malaise 
that are self-limited and resolve in weeks to months without 
any specific treatments. In contrast, however, patients who are 
immunocompromised as a result of AIDS, organ transplants, 
malignancies, or chronic steroid administration demonstrate 
severe neurologic manifestations such as meningoencephalitis.

The most common method of diagnosis for acute toxoplas-
mosis is maternal serum antibody detection; however, individ-
ual variation in titers may confound the serologic results. Also, 
IgM antibodies have been reported to persist for up to 18 months 
post infection.146 A negative IgM with a positive IgG result in-
dicates chronic infection. A positive IgM result, on the other 
hand, may indicate more recent infection or a false- positive 
reaction. Commercially available test kits for Toxoplasma IgG 
and IgM antibodies have significant variation in sensitivities 
and specifities.147 In response to this problem, the FDA in 1997 
issued a guide for the interpretation of toxoplasmosis serologic 
results.148 Determining when T. gondii infection occurred in a 
pregnant woman is important since infection before conception 
poses little risk for transmission to the fetus. IgG avidity testing 
measures the strength with which IgG binds to T. gondii and 
may help to determine when the infection occurred. High IgG 
avidity indicates that the infection occurred at least 5 months 
ago; while low IgG avidity reflects a more recent infection.149 
Women with positive serum IgM antibodies should undergo 
IgG avidity testing by an experienced toxoplasmosis reference 
laboratory.149

After maternal infection is confirmed, congenital toxoplas-
mosis must be investigated. The identification of T. gondii intra-
uterine infection by amniocentesis using PCR testing has been 
found to have both high sensitivities and specificities.150 Foulon 
et al.151 reported that a combination of PCR and mouse inocula-
tion of amniotic fluid may improve sensitivities even further. 
Given the advances in PCR testing of amniotic fluid as well as 
the risk associated with cordocentesis, amniocentesis is the pro-
cedure of choice for the diagnosis of congenital toxoplasmosis 
infection.

Ultrasound: Ultrasound findings of congenital toxoplasmosis 
include hydrocephalus, intracranial calcifications, fetal growth 
restriction, ascites (Fig. 23.14), and hepatosplenomegaly. In a 
case series published by Hohlfeld et al.,152 32 of 89 fetuses with 
proven congenital toxoplasmosis developed sonographic signs 
of infection. Ventriculomegaly was found in 25 fetuses, while 
intracranial calcifications (Fig. 23.15) were found in only 6 fe-
tuses.152 Furthermore, a number of false negatives were found, 
with postnatal brain examinations revealing multiple areas of 
brain necrosis and abscesses in normally reported prenatal 
studies.152 With the improvement of ultrasound resolution, 
the advent of neurosonography, and the addition of fetal MRI, 
recent studies have been able to better delineate fetal neuro-
logic signs of congenital toxoplasmosis. Malinger et al.153 in a 
recent review of eight patients with congenital toxoplasmosis 
described ventriculomegaly (n = 7) and multiple echogenic 
nodular foci consistent with calcifications in the brain paren-
chyma (n = 7), in the periventricular zone (n = 3), and in the 
caudothalamic zone 9 (n = 3). Good correlation has been dem-
onstrated between ultrasound and fetal MRI for diagnosing 
brain abnormalities in fetal toxoplasmosis.154,155 Interestingly, 

FIGURE 23.14: Cross-sectional ultrasound view of the abdomen at the 
level of the cord insertion demonstrating ascites in a fetus with  congenital 
toxoplasmosis.

while ultrasound signs of fetal toxoplasmosis are not identi-
fied during the routine second trimester ultrasound examina-
tion, they may be more commonly detected during the third 
trimester. It has been speculated that this occurs because of 
the prolonged time for the fetal insult to develop.156 Unlike 
in CMV infection where intracranial echogenic nodules oc-
cur most often in the periventricular zone,157 in toxoplasmosis 
they may be found dispersed in multiple areas of the fetal brain. 
Furthermore, periventricular cysts and microcephaly which 
are characteristic of CMV infections are not common in fetal 
toxoplasmosis.153,158 Other non-CNS ultrasound findings such 
as thickened placenta with hypoechoic areas, liver echogenici-
ties (Fig. 23.16), and hepatomegaly may be visualized, but are 
not specific for fetal toxoplasmosis.153

Management: Since the prevalence of congenital toxoplasmosis 
is so rare, routine screening during pregnancy for acute toxo-
plasmosis is not advocated by the American College of Obstet-
rics and Gynecology159 and the Royal College of Obstetrics and 
Gynecology.160 Routine screening may not be cost effective, but 
more importantly may result in equivocal or false-positive val-
ues, leading to unnecessary treatment and fetal interventions. 
Interestingly, other countries such as Austria and France have 
implemented screening programs for toxoplasmosis, demon-
strating a decline in the incidence of congenital infection.161,162 
It is difficult to determine whether the proportion of the decline 
is directly attributable to the program or to the overall general 
decline in European toxoplasmosis rate.

Treatment for toxoplasmosis infection is available and 
should be instituted as soon as maternal infection is confirmed. 
Spiramycin should be started at a maximum dose of 3 g per 
day in all pregnant women found to have serologic evidence of 
toxoplasmosis. In the United States, however, spiramycin is not 
available, but may be obtained from Europe with special ap-
proval from the United States Food and Drug Administration. 
Spiramycin is a macrolide antibiotic that itself does not cross 
the placenta, but is thought to prevent passage of toxoplas-
mosis to the fetus.79 (p165) A combination of pyrimethamine 
and sulfadiazine has been recommended when congenital 
infection is confirmed by amniocentesis.163 Both drugs, how-
ever, are contraindicated during the first trimester due to their 
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demonstrated that pregnant women who received education 
sessions were associated with a 63% decrease in toxoplasmosis 
seroconversion rates compared to women who did not.166

Prognosis: The likelihood of long-term sequelae as a result 
of congenital toxoplasmosis decreases as gestational age in-
creases. Toxoplasmosis acquired during the first trimester 
may result in a spontaneous abortion while infection incurred 
during third trimester may be asymptomatic. Although the 
classic neonatal triad of chorioretinitis, intracranial calcifi-
cations, and hydrocephalus is suggestive of congenital toxo-
plasmosis, up to 90% of neonates affected with congenital 
toxoplasmosis do not demonstrate obvious signs on routine 
 examination.152,167 Other findings often seen in congenital 
toxoplasmosis include lymphadenopathy, hepatospleno-
megaly, mental retardation, seizures, encephalitis, mal-
aise, arthralgia, low-grade fever, and occipital and cervical 
 lymphadenopathy. Indeed, disease sequelae may only become 
apparent when visual impairment, mental and cognitive ab-
normalities of variable severity, seizures, or learning disabili-
ties present after several months or years.

Other Parasitic Infections

Apart from congenital toxoplasmosis, other sources of congeni-
tal parasitic infections include malaria, schistosomiasis, and 
trypanosomiasis. Malaria infection during pregnancy can have 
a huge impact on both the mother and the fetus, leading to still 
birth, premature delivery, or fetal growth restriction. Fetal ane-
mia and splenomegaly have also been described in cases of con-
genital malaria.168 Considering the poor outcomes associated 
with congenital malaria,169,170 fetal ultrasound surveillance in 
endemic areas to detect and treat cases during pregnancy needs 
to be actively implemented.

Schistosomiasis mansoni has also been demonstrated to cause 
placental insufficiency, leading to fetal growth restriction.171 
Trypanosoma cruzi can cause congenital Chagas disease. Fetal 

teratogenicity. Pyrimethamine is a folic acid antagonist; thus, 
increasing the risk of neural tube defects if used early in preg-
nancy. Also, pyrimethamine has been associated with fetal 
heart and kidney malformations as well as maternal and fetal 
bone marrow suppression.164 Sulfadiazine has been associated 
with an increased incidence of oral clefting. Thus, spiramycin 
is generally prescribed initially and changed to a pyrimeth-
amine and sulfonamide combination if fetal infection is diag-
nosed after 15 weeks.165

In 2000, the CDC published primary prevention recommen-
dations for pregnant women to avoid toxoplasmosis infection. 
These guidelines centered around patient and provider edu-
cation as well as specific hygienic and dietary precautions.162 
Foulon et al.166 examined the impact of primary prevention 
on the incidence of toxoplasmosis in pregnancy. Periconcep-
tional education and antenatal education are fundamental in 
the prevention of maternal and fetal infections. It has been 

FIGURE 23.15: Congenital toxoplasmosis. A: Axial noncontrast CT image in a newborn 
shows extensive parenchymal calcifications that are predominantly cortical and subcorti-
cal in location. Also note moderate ventriculomegaly. Hydrocephalus is more common in 
toxoplasmosis than in CMV infection. B: Axial T2-weighted image shows multiple foci of 
T2 hypointensity corresponding to CT-confirmed calcification (black arrows). Also note the 
subcortical cysts (c). Ventriculomegaly is moderate. (From Hedlund G, Bale JF, Barkovich 
AJ. Infections of the developing and mature nervous system. In: Barkovich AJ, Raybaud 
C, eds. Pediatric Neuroimaging. 5th ed. Philadelphia, PA: Lippincott Williams & Wilkins; 
2012:954–1050.)

FIGURE 23.16: Axial cross-sectional ultrasound view of multiple 
 nonshadowing  hepatic calcifications at 28 weeks’ gestation.

Kline9781451175837-ch023.indd   829 07/08/14   8:07 PM



830    PART 2 • Fetal Malformations

# 153287  Cust: LWW   Au: Kline  Pg. No. 830 
Title:  Fundamental and Advanced Fetal Imaging  1e

C M Y K
Short / Normal

DESIGN SERVICES OF

S4-CARLISLE
Publishing Services

T.  pallidum particle agglutination test (TP-PA). Although far 
less common than in NTTs, false-positive reactions may still 
occur in diseases such as Lyme disease and leptospirosis.177 
Unlike NTTs which may become negative, TTs usually remain 
positive for life.

Ultrasound: In the presence of maternal syphilis, ultrasound 
findings of fetal hydrops, hepatosplenomegaly (Fig. 23.17), 
polyhydramnios, and thick placenta strongly suggest congeni-
tal syphilis. Other sonographic features include intrahepatic 
calcifications, ascites, hyperechogenic bowel, and even fetal 
death. Amniotic fluid dark field testing or PCR may be per-
formed for confirmatory diagnosis. Hematologic sampling for 
fetal IgM anti-treponemal antibodies has been reported.179 The 
degree of fetal hepatomegaly in pregnancies with syphilis has 
been correlated with amniotic fluid infection.180 Dilatation of 
fetal bowel segments has been reported in case of congenital 
 syphilis.181 Hill and Maloney182 reported fetal GI tract ob-
struction involving the stomach and small bowel in a case of 
congenital syphilis. Treponemal involvement of the intestine 
causing syphilitic enterocolitis has been described previously 
in stillbirths.183 Wendel and Gilstrap184 reported an associa-
tion between hyperechogenicity of the vasculature in the basal 
ganglia and congenital syphilis. It has been demonstrated that 
congenital infection can result in placental villitis and oblit-
erative arteritis; therefore, resulting in placentomegaly and in-
creased placental vascular resistance.182 Lucas et al.185 showed 
that mean S/D ratios of both the uterine and umbilical arteries 
were significantly increased in pregnancies affected by syphilis. 
Interestingly, in a case described by Schulman et al.186 where 
decreased fetal movement was the initial complaint, fetal car-
diac failure followed by bradycardia was noted. The pathologic 
examination revealed acute syphilitic funisitis. Using 3D ultra-
sound, Araujo et al.187 demonstrated oligodactyly and twisting 
of the toes in a case of congenital syphilis.

Management: Treatment of maternal infection is effective for 
both the prevention and the treatment of congenital syphilis. 
Penicillin G, parenterally administered, is the recommended 
treatment. In a randomized controlled trial performed by 
 Radcliffe et al.,188 penicillin G was found to be the most effec-
tive treatment for syphilis. The appropriate penicillin regimen 

organs, including the heart, brain, integumentary and gastroin-
testinal systems, may be affected, leading to hepatosplenomeg-
aly, anemia, jaundice, and encephalitis.

BACTERIAL INFECTIONS

Syphilis

Definition and Incidence: Syphilis is a sexually transmitted 
disease caused by the bacterium Treponema pallidum. Accord-
ing to World Health Organization (WHO), 12 million people 
are infected with syphilis each year.172 In the Unites States, the 
rate of syphilis among women was 1.1 cases per 100,000 women 
in 2010, while the rate of congenital syphilis was 8.7 cases per 
100,000 live births.173 In 2008, the WHO reported that ap-
proximately 1.9 million pregnant women had active syphilis.174 
The importance of accurate prenatal diagnosis of syphilis was 
emphasized by Hawkes et al.175 in a recent meta-analysis, who 
stated that approximately 70% of pregnant women infected 
with syphilis will have an adverse pregnancy outcome. Both 
the American College of Obstetricians and Gynecologists and 
the American Academy of Pediatrics recommend screening for 
syphilis at the first prenatal visit and again at 32 to 36 weeks, in 
high-risk women. Furthermore, CDC recommends screening at 
delivery.176

Pathogenesis: Syphilis is horizontally transmitted via vaginal, 
anal, or oral sex. Approximately 3 weeks after infection, a round, 
small, and painless syphilitic chancre may appear on the vulva, 
vagina, cervix, anus, or rectum indicating primary infection. 
This lesion may last for 3 to 6 weeks and often goes unrecog-
nized by the host. Eventually Treponema spirochetes disseminate 
systemically, resulting in the cutaneous and mucosal manifesta-
tions of secondary infection, lasting for up to a year. During this 
time the disease can be especially contagious. After primary or 
secondary syphilis, the infection may enter a latent phase, caus-
ing no symptoms to the host. This phase of the disease is divided 
into early and late depending on the duration of the infection. 
Initial infection occurring within the previous 12 months and 
beyond 12 months is characterized as early latent and late la-
tent syphilis respectively. Importantly, during the latent phase, 
transmission to the fetus may still occur.177 In approximately 
one-third of the people who go untreated, tertiary syphilis may 
develop. Skin, bone, or liver gumma, CNS abnormalities, and 
cardiovascular disorders are associated with tertiary syphilis. 
During this stage, individuals are not considered infectious.178

Diagnosis: The most specific test for the diagnosis of syphilis 
when an active chancre or condyloma latum is present is dark 
field microscopy. In the absence of active lesions, serologic test-
ing for syphilis is performed. Serologic testing includes non-
treponemal tests (NTTs) and treponemal tests (TTs). Generally, 
NTTs are used for screening and monitoring therapy, while TTs 
are for diagnostic confirmation. The Venereal Disease Research 
Laboratory (VDRL) test and the rapid plasma reagin (RPR) test 
are the most commonly used NTTs. Since NTTs detect anti-
bodies to cardiolipin, a compound commonly found in human 
tissue, false-positive reactions can occur. TTs detect an inter-
action between serum immunoglobulins and surface antigens 
of T. pallidum. They include the fluorescent treponemal an-
tibody absorption (FTA-ABS) test, the treponemal-specific, 
microhemagglutination assay for T. pallidium (MHA-TP), and 

FIGURE 23.17: Axial ultrasound view of the abdomen demonstrating 
hepatomegaly in a fetus with congenital syphilis.
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Listeria monocytogenes infection is a rare complication of 
pregnancy.199 Intrauterine infection by L. monocytogenes has 
been associated with preterm delivery, meconium-stained am-
niotic fluid, hydrocephalus, chorioamnionitis, stillbirth, and 
neonatal death.200,201 Prompt treatment with antibiotics is para-
mount in improving maternal and neonatal outcome.202

Mycoplasma and ureaplasma have been associated with cho-
rioamnionitis, preterm delivery, and pregnancy loss.203,204 Intra-
uterine infection with ureaplasma has also been associated with 
congenital pneumonia.205

Intra-amniotic Sludge

Intra-amniotic sludge is represented by the sonographic 
 appearance of free-floating hyperechoic matter close to the in-
ternal cervical os (Fig. 23.18). It has been associated with an in-
creased risk for preterm delivery and other adverse  pregnancy 
outcomes. The precise nature of this material is unclear; 
 however, it has been attributed to bleeding, meconium, vernix, 
and intrauterine infection.206–209 For a more comprehensive 
 review, please refer to chapters 7 and 10.

SUMMARY

In summary, the global impact of congenital infections is sig-
nificant. Although sonography by itself is not a sensitive test for 
fetal infection, the utilization of ultrasound technology assited 
by fetal MRI along with other markers for congenital infection 
may influence clinical management, assist in prognostication, 
and aid in patient counseling. Indeed, particular findings such 
as an elevated MCA-PSV in the setting of congenital parvovirus 
may indicate the need for in utero fetal treatment. As diagnostic 
fetal imaging continues to advance, sonography will remain an 
invaluable tool for clinicians involved in the prenatal diagnosis 
of congenital infections.
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varies according to the stage of infection.189 A single dose of 
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Other Bacterial Infections
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the early newborn period.

FIGURE 23.18: Transvaginal ultrasound demonstrating intra-amniotic 
sludge associated with cervical funneling at 24 gestational weeks.
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